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Application and optimum design of flexible shaft

in satellite optical communication
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2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: For the shortcomings of backlash shaft, friction and clearances in coarse tracking system of
satellite optical communication, a scheme of using a flexible shaft to support the terminal was presented.
The principle of flexible shaft in satellite optical communication was presented. Then the characteristics of
flexibility in working direction and stress in thinnest incision were analyzed. According to the key point
deflection, the rotation error angle expression was derived and its influence on capture probability was
analyzed. Based on the research of flexible shaft characteristics, the flexible hinge was optimized by
genetic algorithm. The results are as follows: the flexibility in working direction is 0.768 rad/N -m, the
stress of thinnest incision is 1.768 ¢ +8 Pa and the rotary error angle is 343 prad. Finally, the finite
element method was utilized to verify the design consequences, the relative error of the three indexes was
less than 3.5%, which proved that the design was reliable. This study can provide some reference for
flexible shaft design in satellite optical communication terminal.
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Fig.1 Optical communication terminal using flexible shaft
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Fig.2 Elliptic arc flexure hinge and related parameters

22 OHEREATELARNES

B R R — Rl AF A ds g, H RN 2 Al
PR B LB ORE BE — TR H B A A, Bl A
FE 45 5 B0 il 52 b AR SRR AR R 1 A7 A ] B R 2
£, H AT B J7 ik R T TR rpols s B R R 3R
TE 2B Bl SR KE B2, X P 5 2 9% N B L 42 I D Iml e 15
ZEff o ORI T MR BRI 0 8 S B A R
BE R R o BR SR A ] A 1 25 A e ik o AT i 2
FAnE 3 B

W(C)#R C S , WD) £ D S,
CD W FRBEPek ,D'C'5 X Wyl a,D'C 5
X WJe i B, 4l i 25 f ] Kox K e=a—B,
T R 2 R R 3 M B EE Bk 4 % Euler-
Bernoulli Z21, FHAR T8 4% 4 1 48 1f R 15 7 38 I 2 TP
AT ST B Sk WA 2 B 10 DRI A 43 B T A £ i 25 i R
T I U L A R R Y 7 LS

(4s+1)>2(2s+1)

" Ewr
ol TR C S DSBS R R A
ul B KRN -

¢
L e R T
U= Ewt J_l .2 (2b+t—2bcosf)? cosddp(4)
2
_12M.a® J? cos¢
= Ewr ~x (2b+1=2bcosp)’ dé )
A (4) ((5)id 3 Ry J5 A2y
c_ eMda
O Ew(142s) (6)
o 12Ma? {2(2s+1)arctan\/4s+1 a |
" Ewr’ sVas+1 2s
2
o o

7

3 Il 5 2% A m B 1A

Fig.3 Rotation error angle schematic
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Fig.4 Influence of parameters on rotation error angle
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Fig.5 Optimization results of genetic algorithm
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Fig.6 Finite element model of elliptic arc flexible hinge
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