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Design of the spontaneous deployable mechanism for space

telescope based on lenticular tape springs
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Abstract: In order to reduce launch mass and volume of the space telescope apparently, and to make it
suitable for the vehicle requirements of the microsatellite, a new spontaneous deployment mechanism of
the space telescope based on the lenticular tape springs was designed, which aimed at one optical system.
Firstly, the geometrical sizes of the lenticular tape spring used in this article were preliminarily designated
through theoretical analysis, and a new spontaneous deployment mechanism based on the lenticular tape
springs was designed aimed at one space optical system. Secondly, the finite element model of the
deployment mechanism was built, and its deployment characters were analyzed. Finally, the prototype of
the spontaneous deployment mechanism was built up and the experiment was carried out to study its
characters. Experimental results indicate that the deployment mechanism is 500 mm in height when it has
deployed, and the repetitive deploy accuracy of it can be reached much less than 0.1 mm, also, the

fundamental frequency is about 35.5 Hz when it has deployed. It can satisfy the deployment mechanism’s
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requirements of simple structure, low mass, steady and reliable deployment, as well as higher precision

for space telescope.
Key words: space telescope; microsatellite;

deployment mechanism
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Tab.1 Segmental indicator of the optical system

. . Distance Secondary
Primary mirror . . Telescope focal
. primary focal diameter
diameter/mm length/mm
secondary/mm /mm
350 520 86 3200
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Fig.1 Geometrical parameters of the lenticular tape spring and

its folding types
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Fig.2 Moment-rotation schematic of a tape spring
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Fig.3 Moment-curvature graph under different thickness
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Fig.4 Moment-curvature graph under different subtended angles
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Fig.5 Moment-curvature graph of the selected lenticular tape spring
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Fig.6 Ensemble scheme of the deployable structure
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Fig.7 Finite element model of the deployable structure
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Tab.2 Displacement results under static loads

Load Displacement of secondary mirror/mm

1.0N 1.2e—-3(axial)
1.0 g kg-m/s? 1.3e—2(axial)
1.0 N(Shear) 2.8e—2(Off axis)

1.0 g kg - m/s*(Shear) 7.1e-2(Off axis)

Hor R 2 PR A7 o Hr 4 R R iz L
T I A UK A it Jon i 6 ik 5 ) 1N B e K AR
JEA 9 0.001 2 mm, 55 47 70 My 45 R R %P
TP G wotRh Iy 1 /) A EAE S 0.013 mm, 25 =477
Br & AR W] AU R T 5 A U AL it i B
fih 77 1) LN 28 A I 1) e KL HE O 0.028 mm, 5 DY
A3 03 &5 RN W] - iz AL R O e i 3t ' Al 7 1)
Ay A EAE By 0.07  mm, fy el R, %R T LAY
TE JE& IV e FAT B0 v W e 1, HUHC R T A 0 D't Al
J7 B B EASTE 8 0.013 mm, 3 1 ORI 16 59 [ E
AZJE 9 0.071 mm,  fEAE 1K S 4 1f] 25 R I Y0 5 R 58
FEARESR, X ULHT T % R IT LA 12 B IT )5 RE 8
AV ER

3 RANMBIEZEHR

o — 20 B R R T HLAG B B TT AR, e TR AR
BT Z RN I T R I LA I IR AR AL 8), IF
XFHHEAT TSR
31 RFXR

T 58 JER T HLAG 9 B BEE AL I 5, X e AT
TIPSR, SR 2 H Y 5% R T LA AE
A JE O [ J T i 2 1 e fh A AR i e A I B E
R HUIE N T B Uk i & IT LAY fig 5 & T 21 70
BE B ALE, BE TR I8 B BT I AR B2 2R S
1o B R ACBL AR BRSSO AL S IR % R T
HLAG BE 06 A5 2 nT 5 M B JT 5% 08 17 J& JT Jm 19 A2 5 AR
B, HRIFRE M R 2k s, % R I ILE R il S
TR A 8 i .

Hi B8 W, % R T LA W S ) RS R R s
N BRI ERSCR, a2 ZWRIETT SRS,
3 A T OB 2 TR 1 /N RO 9 F- T S A B O
e 5ok 98 ' 00 B 5 A5 00 30 8 R L A A T 0 R O

BURS 1 JR JF R 2T, I 6 25 R SR W] % R IF LM i
JEITHRG FEAR T 0.1 mm, Ji& T J5 59 32 U0 B A o0 1 22 10
T 0.1 mm, BB IE FDE S RGBT 2R

(a) Wl k&
(a) Stowed state
[ 8 Ji& I B J5t A L

Fig.8 Prototype of deployment mechanism
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Fig.9 Modal test result of the deployment mechanism
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