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Abstract: To address the challenges in achieving high-stiffness locking during the deployment of seg-
mented space telescopes using sleeve mechanisms, a staged locking scheme was proposed for the second-
ary mirror sleeve-supported deployment mechanisms of long-focal-length, large-aperture space tele-
scopes. Contact models between expansion petals and inner sleeve walls were established , and the normal
contact behavior and load distribution patterns during the locking processes were investigated. Bernoulli-
Euler beam theory was employed to analyze the normal contact forces between the expansion petals and the
sleeve. The relationship among inter-stage locking force, design clearance and locking point positions was
derived and validated through finite element methods. The Palmgreen formula was applied to analyze the
ascending displacement of the driving ring’s inclined surfaces. The design parameters of the inclined sur-
faces were determined, and finite element methods were employed to analyze the inter-stage locking force
when rounded values were assigned to the ascending displacement. The magnitude and distribution patterns
of the locking forces were obtained. An experimental prototype of the locking mechanisms was constructed ,
the experimental results indicate that rolling cylinders smoothly roll into place, the locking forces of the ex-
pansion flaps meet expectations, and the feasibility of the sleeve locking mechanism design is confirmed.

Key words: deployment mechanism; sleeve locking; passive locking; high stiffness; deflection defor-
mation
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Fig.1 Space sleeve deployment mechanism diagram
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Fig.2 Sectioned view of locking mechanism
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Fig.3 Contact condition
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Fig.4 The contact load distribution between the

expansion valve and the sleeve
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Fig.9 Deflection deformation of DE region
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Tab.2 Comparison between theoretical contact force

value F and finite element simulation value
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e DI J3E 2 1) 5 J T AL ALY 200 ) B 45 e AR F 5

Ky Kk R %

9K 2 PR ) b R R 0.2 mm, i SO R
2 mm B, 3 B R B B3 B HE D (6 dn
Fl 23a fT 7 , WK sh 3R (4 1 7E 3 N 24, B 1 T 22
P T3 B 23b PR £ R e KB ) 50 N A2
fio BEEL oM 15 N &2 A, SR A& P A
SEH I8 NAHIE .

=N Wk oo

WS Fr/N

4 8 12 16 0 2 4 6 8 10

0
B 6] ¢/s B 6] ¢/s
(a) BE A FRHE g (b) EfFHi )

23 HERSITHXRENSHS
Fig.23 Experimental thrust and tension under locked

state 3

9K 2 BRI 1 B A 0.2 mm, Bk SO R
R 3 mm B, $ HAE T B0 L O 3 B A E 7 (A
24a i, BLEH K S R (4 e A N 2247, B 1
JIT 5240 03 Gn 1l 24b Fr R B 1R By R HE )2 100 N
Zidi o RS AR k) 32 N A A, 5 HLA

35 NAME,
> 10 120
T g % 100
; g & 80
gl R 60
=y 4 & 40
&
?§ 2 & 20
0 1 8 12 16 0 2 4 6 8 10
A iE] /s BfE ¢/s
(a) IKZHIRHET) (b) BT

E24 SIERTITHIRENSHA
Fig.24 Experimental thrust and tension under locked

state 4
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