CRIECE R F e G TR Vol. 24 No.8
2016 4F 8 H Optics and Precision Engineering Aug. 2016

XEHS 1004-924X(2016)08-1956-09

AEBEIRERHEEHEEWR-EHBE ST REIE

tEzat EREY KRR EEL N HE!
(L PERER BLEFRENRALF,BE BL 710119;
2. PEMFKEAF, AR 100049;
BLHEEXREAF AAMFEIRAFTHELLRE ,E B L 710049)

FEE O TS BT R G B 0 AR AR X RO B B AT T -G R RRA A  DL R O 38 56 UE R A B E
MR A A S B AT B0 S T A R TR BN S B i B A B B R AR AT TR B R K i R e
T ) s S FA A SR IROTARE B AT T M — SRR A A T AR B TR B U BEE R 2 A R R
W FT AR TE RN ) o 5 T b R B 0 E TR 2 R A TR b B B0 AR A 2 AR TR R 0 BE ) 0 T AR
PR I T A R AL, PR BN, A R AEARE TA —25°C TEEEE ) MEBR 35 14,163 N » mm;
AL T FEAE I8/, 55°C I o 4. 796 N » mm, 3 H AT R ARG A0 —25 CHI AR I8 16,45 N = mm; & it T
SUT T REEEE I ERNE, SRR ST UTE —25 C~+55 CTFIE®H TAE, 3CH IR i i 58 56 ik f
TER I UEGE W] T B A B 5% 5 I — S5 R RA 5 40 A A RO R B

X B W ALTEE AREE S A EMBETI AT AR N8R BERE

hESFES:V476.3; THI33 ERFRIRAD : A doi: 10, 3788/OPE. 20162408, 1956

Thermal-structural coupled analysis and verification of 2-D
mirror gimbal for lunar-based telescope

SHANGGUAN Ai-hong'?" , WANG Chen-jie*"',
ZHANG Hao-su'?,QIN De-jin', LIU Zhao-hui'

(1. Xi'an Institute of Optics and Precision Mechanicss Chinese Academy of Sciences, Xi’an 710119, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Key laboratory of Thermo-Fluid Science and Engineering of the Ministry of Education,
Xi'an Jiaotong University. Xi'an 710049, China)

* Corresponding author , E-mail ; xinerd@opt. ac. cn

Abstract: To improve the work performance of a 2-D mirror gimbal for the lunar-based telescope, the
thermal-structural coupled analysis was carried out, and the analysis results were verified by thermal
and onboard tests. According to the given input conditions, thermal loads and the thermal boundary,
the finite element model was established to calculate the temperature fields of the mirror gimbal and
main heating components. Through inputting the temperature loads, preloads and the boundary con-

ditions into the finite element model, the thermal deformation and stress of the U-shape structure,
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precision moving shafting systems and the worm gears were obtained. Then, the expressions of fric-
tion moment were derived, and analytical data were used to the expressions to achieve the friction mo-
ment of shafting systems. On the basis of the {riction moment, a proper moment motor was chosen.
After calculation, the results show that the left shafting system has a larger friction moment at the
low temperature condition of —25 °C, and the maximal one is up to 14. 163 N « mm; While the fric-
tion moment is smaller under high temperature condition 55 °C, and the maximal one is 4. 796 N -
mm. The results also show friction moment of the azimuth shafting systems at a low temperature con-
dition of —25 C is 16.45 N » mm. Moreover, the vertical shaft system shows its friction moment to
be 16.45 N « mm at the low temperature condition of —25 °C, while it is zero at the high temperature
condition because of shafting system unloading. The results indicate the reflection mirror gimbal
works well between —25 C to 55 °C. Finally, the thermal and onboard tests were carried out to dem-
onstrate the rationality and validity of the analysis results.

Key words: lunar-based telescope; mirror gimbal; thermal-structural coupled analysis; thermal de-

formation;thermal stress;friction moment
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Fig. 1 Structure schematic of 2-D reflection mirror gimbal
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Fig. 2 Location of azimuth photoelectric switch
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Tab.1 Components and material in reflection mirror gimbal

a1 ok
U 720 LD10
I A LD10
e Bl b A4 TCL
ok 9Cr18
L EN 9Cr18
U AT S JAE LY12
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Tab. 2 Thermophysical parameter of materials used

= e T
— R LI 232}15/}%{6:%0&&
(W/m-K)  (J/kg+K) (Ax10 "C)
9Cr18 29.3 460 10.5
TC4 7.56 560 8.8
LD10 159. 6 840 23.6
LY12 121. 8 920 23.8
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Fig. 5
gimbal under high temperature condition
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switch in operation
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Tab. 4 Friction moment of bearings under various conditions
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