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Design and Analysis of Zero-Gravity Environment Simulation
Unloading System for Spacecraft Hatch-Door
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Abstract: The unloading system is an important part of deployment test equipment for the hatch-
door. The emphasis is on the design and analysis of the unloading system for the launch test.
Based on the complex trajectory of the space hatch-door, the two-dimensional sliding-rail suspen-
sion method is adapted to meet the needs of curve deployment. In view of the large weight, easy
causing deformation of supporting parts and the difficulty of unloading, multi-point long-distance
support is adapted to disperse the force uniformly. The flexible and elastic self-adaption suspension
design is adapted to effectively buffer the fluctuation of operation process, and avoid rigid colli-
sion. In order to ensure the digital real-time monitoring of the hatch deployment process, a high-
precision digital readable tension system of sensor monitoring is used to realize on-line tension de-
tection during the deployment process. In order to meet the requirement of high unloading efficien-
cy, the two-dimensional adjustable transfer module is used to adjust the multi-state hatch-door.
Finally, the unloading rate is more than 96.31%. The results show that the design method of

zero-gravity environment simulation unloading system for hatch-door is feasible and the analysis
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process is reasonable, which meets the engineering application requirements.
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Fig. 1 Motion trajectory of a hatch-door
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Fig. 2 General configuration of zero-gravity simulation

deployment test system for hatch-door
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Fig. 3 Design and analysis of support on the sliding-rail
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Fig. 4 Component structure of hanging components
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Fig. 5 Visual tension sensing monitoring system
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Fig. 9 Variation of hanging displacement

with angle in deployment test

W At A AR T R/ EEE R
96.31% AN 10 Fizs) . R =95 %Ry 2K,
RIS B T B AT

125 25 375 50 625 75 875
BEFIENC)

B10 RARBRHHSEERABESTWL
Fig. 10 Variation of unloading rate with

angle in deployment test

4 Zig

A SCHRAE L K A8 A T 2 E ) AR R O IR e
KRR IEM . FELSBWTF .

D A TS sh Bl . SR A 4 Bk it
J5 V38 AR 1T il S B0 R T, SRR T B A
% 2200mm X 1600mm LA b, A LLE W B 1] £
M, Z TOLRRIFFR K.

2) RMZARKIEE EHYEZ T, UK
R RAR 25 0 /0N BT kv WO B8 A 2 S 45, 6 D 2
IGER , ABRFERILE 0. 25mm DAY,

3 AT AR S v . SR M
PR L T, R S PR R, CRUEAR 1] A
AT,

4) EFXHEILIR ] 2 T 00 R R 8 i R e
ST = i S TR RS A K i SRl
Ge, SCIBL IR MORS BT 0. 1IN,

5) R4y 98 X 25wt ik, SEE
FORE O AME . RZAGR B R EHIEE 96.31%, N
PRAEAR 1] oK B2 A S AE B e T i e 2 R S

S % ik

(1] x4, EHKR . SAMKEES TR
MR F ik [J] . P EZSEE %R, 2010, 30
(1): 60-64.

(2] MR . 2 ia HLAY H e 8 7 #h B2 s IR T (U] .
Wi KPR EREE TR, 2012, 29 (1): 92-99.

[3] mxt, T, TlF, % . K& WL T F BB
[J] . ®47H1%%, 2007, 25 (2): 65-67.



554 1) WL R AT T8y A 3 R F i 27
[4] Sopensky E. Trying out zero gravity [J] . IEEE Po- [J] . =SEd\FHA, 2006 (2). 29-42.

tentials, 1998, 17 (3): 38-41. L9] AR . MmN FEIBIRLS M AKCEAE bE3)
(5] Z=F:Th, £/0N, kL. DEEHRE YD) A ARWF5E [D] . M/RE: PARE T K%, 2014

0] . fiREH ., 2004, 22 (2), 37-41. [10] White GC , Xu Y. An active vertical-direction gravity
[6] EHEvk. HAMESRNEREGMEMEEEH compensation system [J] . IEEE Transactions on In-

REGW5E [D] . M/RE: B/RETIE RS, 2010. strumentation and Measurement, 1994, 43 (6): 786-
7] Wkaterk. Mad . =5 M35 15 09 b T A5 400 7 kK 7% ik 792.

[J] . MLk TR22%4% . 2008, 44 (3). 182-188. C11] digss . AUMRZDEERE (M . dbat. dEssfi=s ik
[8] FHlpYW . PERKXEALENETE IR & KEEH AL, 2005 8-10.

SRR A, dolk, (A, & MRS TEDREEYMEER G A0] - FRAAER, 2019, 3 (.

21-27.

Citation: Zhao B H, Zhang B, Bai Z Y. et al. Design and analysis of zero-gravity environment simulation unloading system for

spacecraft hatch-door [J] . Astronautical Systems Engineering Technology, 2019, 3 (4). 21-27.



