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Structural design of large aperture SiC mirror subassembly
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2. School of Mechatronic Engineering, Changchun University of Technology, Changchun 130012, China)

Abstract: For some 1.1 m diameter space mirror opto-mechanical design task, in order to decrease the
weight of the mirror, improve its environmental adaptability, a small gravity deformation and strong
vibration resistance, high thermal stability of space mirror structure system was designed. Firstly, mirror
and support structure material selection principles and the matters needing attention were analyzed in
detail. Then, a semi-closed back with a fan-shaped lightweight hole mirror lightweight structure schemes
was proposed, and by using the method of parametric modeling, analysis of its structural parameters
optimization design was carried out. The back three -point flexible support scheme was used to support
the mirror. By adjusting the flexibility of flexure hinge can solve the problem of mirror surface figure
accuracy degradation caused by assembly position and thermal environment change. Finally, on the
mechanical and thermal properties of the mirror subassembly analysis results show that, the surface figure
accuracy of the mirror was PV 62.4 nm and RMS 5.7 nm under load case of 1g gravity in the direction
of X axis, in the 20+4 C environment temperature range the surface figure accuracy reached PV 61.7 nm,
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RMS 6.3 nm, and the fundamental frequency of the mirror subassembly was 150 Hz which can satisfy the

static stiffness, dynamic stiffness and thermal dimensional stability index requirements.

Key words: mirror subassembly;  space camera;

0 5]

2 ) Xof i UL 152 A S AF SR A B Y K g B
B NATR 73 BER BSR B Wb o, AR EE R A8 A
hZS (A ARBLAY — A S R 3 R A R A B e I
S RDLE RGN Lo, Rt
I SCAEAE R Y B2 B> 23 TR AH L AL ZS A s T Y
MERL, R B 2 3 A2 B 28 [ AL HLES F DT 5N
SR E AL 7 ] D a AU, E R A AR
500 mm FY F S 45 RV Tk AR B ik . R AR =S ]
BB (4 i M s AR T A BT B B TS 2 1R S A
BT ZH R BT 2 I B I T R R o PR
RS0 LA a8 s () v 8 (e o A 0 PR
I R RS B RE 2 32 AT EIRIREE A, 7R A N
PRI PR AR BT b BOR A T R ERGRED,

SO RIS AR 1.0 m B IR 23 6] s A A 191
MBI AR B e HE RO B A B RO B
SCAESE R VT 25 T 16 R AR S () SO AL Y 4
F BT R T RRWFFE i B A A AL e 45
BT — b E B P A SR B R AL A R
R B4, FER TSR 3 s ek SCHE R AT
SEBEHEAT 1A SR | RO SRR A T AR T
DL B R B R R EOK

1 RS RHERE

T S BRI L SR PR AR
i ZR ORI A T R A ) 2 R ) BV i L2 00 R B I
U BLAE R S IS A IR T A A e, B LASS R i
T 2008 E R R A R R R S B R
I JE LT BEAC IR (L) S ST BE A S 5 28
Ay 030 2 AT P AR A AN BORR, A% ri) [l LR
A RO AR RE P 5 (2) R4 5 mT I T | B A% R A% i Jo
A O K T I L RE 05 B 0 W 2 SN R Y R S
5% 5 (3) b4 410 H. 28 8 g S M B R, By T
Gt BUR A B, HA BN P 2R BOR 4K
o PR Rl B B AT B ARG AR T B
T M LB LA EPEREZ A, BT 75 RN AR A 5T Y

lightweight;

flexure support;  finite element analysis

B, HAvE T2 B RSB R T
Al B¢ 7% (Zerodur) | 8 I I ik 3% 3 (ULE) | 8% (Be) | 41
(Al) it (Si) . fill #7 9% (Fused silicon) | ik & ik (SiC) %
SIC LA PERE ELAT B S A P 34, ELAT ¢ v 114 e
S BN K R RS R R X
e M RE A SIC bt BT RAFM L E )1 A8 g
JIRARRE M L MBSO T Be, A e s T
HAbAE G e F 6, SIC 556 38 i 2 i e vk A
2o T2 0T LIS BB G (e R, HoT IR
5 T P A TR AR s b S VR T IR A 24 G K 1 4%
B R R KRS T SO B il VR A], G
H AR T SO B RIE LA, BT LSO R SiC AR
Sk Ve RS AL R

2 BEMEIH

23 [A] FH AL 2 18] 3t WL f) B 284 280 3r , R
MR A ST 2, FE A7 25 AR AL HLAS BT
LR P — A D L A A A R B B R
AR A AR OR AR A e B s UAs D
ARG IR DR R B B R AL B R R =
] FHBLE LS F i A BT Y e SR A R 5 11, 5 B
AT RO B B B R A BT R T 0 R R R
AR T AT BE 2 £ BRBUR P A S 5 R ROL
FARE, 0 G A DU O B T R IR 4 2 il
EIFEmM =R AT NILIE (B | A A
A Sl R R AL AL 25, A S 4
Jr SRR BERR L RO R R AL
BEJEE R A LA RS L | AR S BE A RO B AL AR
LSRR T I
21 BENEMAREK

FURT, % 00 S o B i A 25 e X0Of 15 30T
T e AT X AR P ORI TR e = A L
PR, 78 S5 I RE Y15 0 75 30 AT U 4 — e T
e T i S Al SR B 20% e 7, HO R S B
T AR RE 6% 1 S ) B2 B AT S A B PR, RE RS B P
M 5 S S R R A B, DA 5 e B B Y AR E
P T - P PG5 M AL A T S I AR L T — 4

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

571 #

EE.KR 12 SIC 8310 2445 a1 0 % Ak it 85

AL R B T AL IR B U S
Hik B —E IR ERCR, ThER KB
BRI 0 B F 5 e FH R M T 1 250 4 R 0% b
b B VR TR 5T 2 1 2 S ) 5 5 A I 2
B, BRI X I S BE 2 R AT IO e 2 M T R A5 15
JC 2 e A A S, PR S e B A 7 Sk
P 1 R S R L S R T 2

B PRI 45 Fh A AL FL AT T IR A0 b X 1L 4
BT AR SC R BTRFSE 420 1.0 m il 342 1 1R T
J2 SR A S5 R 2, i SR AR AR B K B A AL
| F B I G R R T % AL AL i 25 W XA T
TWESE, G IR — A B A2 100 mmi
B AL, 1 M S R BE 40 43 A 5 R ERB |, 4T
RS H 3 A r 5 7E R BE TS M4k 60°14 %)
Gy 6 AN SEREAL B A0 S B L 2 T =
1R,

P 1 i Al S SR A R BRI
Fig.1 Scheme of lightweight mirror structure
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Tab.1 Structural parameters of the lightweight
mirror(Unit: mm)

te ts te tr ty R H ta tw B

5 5 5 6 8 350 72 5 8 92

PRAL S B % et Ak R S B BT i R 64.5 kg, i
FIRF 76% ., MBS R AR 3 sl #0710
K SF-J7 ey (X 1) ) B S AN A AL R RS A
RT3 M B T T B di b BE v SR AR T E PV R12.2 nm,
RMS 24 1.5nm, AT 0L, % 5 & Ak s 9 B8 454
AR YL H EATERE S, 0T LLIEAT I 220 S8 4
Bt

3 RERXELMENRIT

3.1 RHMEZEEMAR

K5t B AL G R ) A B E e EE R TR R B
RS 3 MU T R SRS S A
P T b A5 R R R R Y 2R K 2R BN R A
DEL, s /I el e B B B 5 | 1) Y A e R TR 345k
ST R RS B AR AR RO ] 2 i R Oy S B S A
P B T 7R 0% B B AL v AL 35 4 F 454 L 3
A Hh BN B L (4336 ) il 1 1 k2 3 2o iSRG 25 5 I 5
55 (RB-SIC) ¥ #0134~ 120° ¥4 4 (1) S #£ FL K 4% 5 3
AR A A M RE(TCA) il 114 22 1 S 18 45 46 119 IS THI
T R ET 43 ) A I 5 3 5 A 19 T T D) 3 ot
2T 55 #5 4k & 4 (ZTCA) S £ /Y 75 30 S 1 = Mt
B4z,

P 2 J S B s AR A H 7R T 1A

Fig.2 Scheme of lightweight mirror subassembly support structure
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Tab.2 Material properties of the mirror subassembly

Materials p/g-mm= E/GPa «/10°°xK™* u Part

RB-SiC 3.06 350 2.4 0.18 Mirror
4J36 8.10 140 2.4 0.25 Inserts
TC4 4.44 109 8.9 0.34  Flexure hinge

ZTC4 4.40 114 8.9 0.29 Mounting plate
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Fig.3 Flexure hinge support structure
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Fig.4 Finite element model of mirror subassembly
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Tab.3 Analysis results of static stiffness and thermal

elastic for mirror subassembly

T/wm

Load cases PV/nm RMS/nm
Y z
Design index 63.28 15.82 30 100 30
o X 62.4 5.7 8.5 0 0
Direction 435 564 0 4.6 0

of gravity

z 62.8 6.5 0 0 9.2
4 C temperature rise  61.7 6.3 -0.4 -20.7 6.7
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Tab.4 First 4-order modes of mirror subassembly

sin(wt-i) (2)

Order Natural frequency Mode of vibration
1 150 Mirror around the Y axis rotation
2 164 Mirror in the XZ plane translation
3 165 Mirror in the XZ plane translation
4 198 Mirror around the Z axis rotation

(a) 1 pAAES

(a)1st order modal

(b) 2 B L3S
(b)2nd order modal
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(c) 3th order modal
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(d) 4th order modal
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Fig.4 First 4th order modal of mirror subassembly
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