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Method for vacuum-thermal-mechanical coupling test of
space deployable arm joint

BAI Yujun!, TIAN Xin!, XU Yixian?, WANG Haowei?, LIU Lixia', HUI Tianli!, SUN Zijie!,
XIN Liang', YAN Zhengang', LI Qiang', TANG Xiaojun'*
(1. Beijing Spacecraft Manufacturing Co., Ltd.; 2. Beijing Institute of Spacecraft System Engineering: Beijing 100094, China)

Abstract: Aiming at the requirements of verifying the deployment performance of the space deployable arm
joints under thermal vacuum, a vacuum-thermal-mechanical coupling test method for deployable arm joint was
proposed. The thermal vacuum test system was used to simulate the vacuum, cold black and solar radiation
environment. The load was applied by an external quantitative inertia disk. The test result show that the vacuum
degree, the temperature and the temperature control accuracy of the tank body all meet the test requirements.
Under high and low temperatures, the working current of the deployable arm joint fluctuates randomly, and the
fluctuation range is within the safe margin of the design current. Before and after the test, there is no significant
change in the starting torque of the deployable arm joint, the maximum joint revolving speed and the pointing
accuracy, in which the accuracy is better than 0.001°. This method may provide technical support for the
subsequent vacuum-thermal-mechanical coupling test of the deployable arm joint.

Keywords: deployable arm joint; vacuum-thermal-mechanical coupling test; starting torque; revolving
speed; pointing accuracy
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Fig.1 Schematic diagram of vacuum-thermal-mechanical
coupling test system and torque loading system

-G RE T IR R 4
015 GE SRR AR B L O A5 R A% R K
JIFALE A, EAT R S5 S AL S 1 = A
FEAR /N, W DAZZBEANTE oS30k, FRAL S BRh &5
NAERIAR S5 1, EAL A I I AR h R AT AR,
S B BT P I AL S AN [F B, R ET AT
JIFE TN FR G 00 (8] A% 238 23 Ty Aoy — A e it
A, HAHFENIFE Y Ko B AT PLA A LI £ 4%
ol TR Bl 1 799 S FR) A JBE 22 22 TA) A7 AE 4 11k B A9
K2, HACE B EROR N

TL = KL(Bm —6r) + KnG> )
e T ML EERHE, Noms Ky A& 375 1)
HFENIEE, N/m; 6, AL AL, ©; 0, gt
%EI’J%EJJ%I# s Koy NIHCE SR CE LG G R AR5
i, kg m.

AR AN E R G ) T AR SR HAF I F L
Hh ) A% BT M DR B 4 I E A8, IF33E4T Laplace
A5, FFE AN SN R G TFER G, e 2™
Fis. ATLLE H, RGELVIREIR A HLE Ugs) MK
WML 0(s) NN, LLSEBRINE SR Ti(s)
ot o 0T T2 NE RGN 2 N B ) A, AT DA
K EAMEZ TR AN S 2 WK R
R, 76 Uy(s) F1 0,(s) [FIRHE R T REG0nE, Sk
e P 2R B N, WS AR N3 R G R AR L



222 TR N 7 N A Y -

40 %

SRR RER K

TL(s) = G1(5)U4(s) = Ga(5)b:(5)> 2
' Gi(s) NIRBNHR 4 HLE 5 SE bt 779 2 [8] Y
38 PR Go(s) NRTT e f IE 5 Se b i /%8
Z AR A BT FRIE R 4518

T
-8
KLK1KpwMm . ()
S[(LinS+Ru)(JmS+Bm)+K1Ke1+ KL (Lns+Rm)
T
Gals) = gL((ss)) _
K1 s[(Lms+Rm)(Jms + Bm) + KTKE] (4)

S[(LinS+Rum)(Jin5+Bm)+ KTKg]+ K1 (Lins+Rpy)

Forr: Ry, D9 B [ i B B, Qs Ly, 9 HLAK [B] 55
MU UK, H: J, N U B, kg'm®s B, N H
PLRLE R 505 o NHEHLELTE, r/min; Kpyy 9550
MUK R Ky RN R EG Ky NIRHEE)

B2 RS AE
Fig. 2 Working principle of torque loading system[I3

2 RBITBXWEZE-R-IRa ARt

AL AR A RIS HOR, i #o 24K
B0 R 40 56 AR TR O H S VA FNOK FH AR S 38 55
(IR, JE Ik 2 I DG 1T 3R & 5 R 56 27 11
[E Ny

HE TG RRHAETHER AU BTHA
R WARRNA . BRREHR RS A AMmASEE A
Wz R FH . R RITE X ieafaKE
o, P KM E 26, B E )T fEfu <
1.3x10” Pa, 1R U4 IR & 5 H-80~120 C.

JE T ST =R AR5 & 0 N E P RN 6
AN, WP 3 B o EGE AR b 2 i o
i R FH R P OUIES B 2l 8 o B PN 7= it 1) 70 i R
LA MR FERE . BEAMAIE T & B FE LA %
BEE L M T AL IS L DR A% A AR =
WAEE, . R ER 350 mm. & 23 mm K4
[ A5 1 Ay s B0 A S B G M50 6 R A5 i 1 e

1

TN, 20 503 2 o B B TR OOR R %y 162D )5
Nk B fh R E A 6 059.4 kgm’, R IR R
0.04%, ¥ /£ BT R s FIRAL AR B A2 N 100 Nom,
RN FEAR T £1%FS; ZFEAa Al H A4 50 mm, KE
15 T G B R A R P R e K B AR A
WA GEEARF B AL T 0.01 mm; 7% bk 5 e dh
A 1R] f 5 SR P GRS RE E, 5 FH A BI0K
RGP EEEE WA, IR RS 5k
BH 7355/ F 0.5 N-m.

() SREERE
K3 BHERTES--1EGRKG TS

Fig.3 Vacuum-thermal-mechanical coupling testbed for
deployable arm joint
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Fig. 4 Vacuum-thermal-mechanical coupling temperature
cycling curve of the deployable arm joint
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Fig. 5 Test curve of vacuum-thermal-mechanical coupling of
deployable arm joint
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vacuum test
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