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Abstract: A flexible support structure was proposed to keep the higher surface figure accuracy of space
mirrors under gravity and uniform temperature change load cases. According to the optical design re-
quirements, the structural form of a mirror was determined, and then a flexible support structure of
the primary mirror was designed. By adopting finite element analysis software, the mirror component
was analyzed and its structure was optimized. Analysis results show that the first order natural fre-
quency of the mirror component is 179 Hz, and the surface figure accuracy RMS of the mirror reaches
5.06, 4.43 and 7. 59 nm when gravity load is applied in the directions of X, Y, and Z axes, respec-
tively. Furthermore,the integrated surface figure accuracy RMS of the mirror reaches 6. 08, 6. 32 and
8. 08 nm respectively under the load cases of gravity in three directions coupled with uniform tempera-
ture rise of 4 ‘C. Laboratory test results indicate that the mirror can offer a good image quality under
the condition of 4 °C uniform temperature change, and the mechanical test results are consistent with
that of the theoretical analysis. The change of the surface figure accuracy is not obvious after dynamic

and thermal vacuum tests. Analysis and experimental results demonstrate that designs of the mirror
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and its support structure are effective, which can meet the requirements of space applications.

Key words: space mirror; lightweight; flexible support; finite element analysis; dynamic test

1 7

e

B = RO AR AR R E (TMA) G2 R4 H
BAMD TCHEF KB K T B
R8Ty R A o R SRR A, O
B LA A B K37 2 () AR WL R B8 % R 1 — Fh
BR324 1 =l et Bk Al 2 AT A o AR
TSR BT DGR TR N T R G U A T AR A
A K B MERE . SR FH LRI OG 24 R Gy a5 8] e 2
128 JHE T A A A2 ] P 2 A R, R R K AR
PFE K A8 11 8 Al = J s [R] Ol 2 3 S A 1 F ) )
HAEREEARPEE MR, RORKAE
23 [) B 55 A 0 B Tl = RO R G A% 0ok T
8, J A SRR I 4 B4 G T 3 A 3 SR 1 A
1 i S T S S BT 06 2 2 A7 T I R R A2
Bl 12 BT L K 2 R) R ) PR B R4S ] A B 1
U, BT LL K AR B2 F 1 T S S P 2 i
T3 38 2 78 ] S 2 328 B S AL, #4 AR ) 19 2 A e
m

23 8] [ 569 5% 7E b 1T E A m T LA 0 ke
T TR 7 25 (R 3 J ) 30 85 10 ) A — 4> 3 ) R
() 3k i, 123k R X 2 (8] B 5 45 A b T RN 25 8] g ]
R b i o i AR A S ) DR I R R G B L
AR A NI R AR R R R
K E A EORG BEN EOecE R R bR . AT, A8
Vi) 2 5 B8 78 2 T4 B B 8 D7 1 2 25 ) FA 3R 5
O SR 23 [H] S B B AR A R ORE R e
PE. T Ah, A IE) RS R W A BE WS 4 7 R B 3
W B ™ s 1) 20 ) 2 25 By, AR IR S8 A5 4R 7 A
PEARIE RN , X SR G B R B A R 1% &
0 2l A5 I R B2 L AR e O 32 R R R S R
R 7 B L) 0 R G B R G 4 R T ek 2
T EEAE XX 7 G SR YT Rl LA U AR 4R b
¥nhew 2R,

FE R b H 20 tE42 90 AR LR ILA 10 4 Fb
Bl TMA 75 [a] 3 8% 2% 1, {1 B QICKBIRD-2
F B 4235 %] 600 mm, MTI i5%] 360 mm 4b . 3
A RGBS DR 123~218 mm /N #2051

B R LA H AR KT 600 mm i K0 0K %
a5 1] 5t 4 A O iE . R B R R OGS R %
BB -5 4 BEAE 5 BT 14 iR R T R 3R AR N 43 Sl
X042 4 480 mm X 230 mm Fl 260 mm X 150
mm P& S5 25 (8] S S 4 S S 3 S5 M AT 1 o
FKAAYANBE T RABRKFZIE S M G#E. A
AR T2 660 mm X 300 mm Y B Bl JE Bk A
MF RGN R SRIE T B AT T 5T, I o 4
T RS T % . IR BRIT A B B AR XF
SRS T T AR AT T AR i 40 B 4 R
177 85 M AL 15 30 i 25 B0 2 T e hr 2ok .

2 BSR4 MLt

2.1 REEEENHIEIT
2.1.1 BHka#HF

S5 BE B IR ARG 2 O S S T C AR 3R
T AR T APROR OBl 1. BT IR 3 %
I ARA RDE 58 P BHEE 45 AN A
(975 AR IR XS WA [F] 08 e e SCAE S R 2B . IR
SF T 5 SR 43 43 2R [BE FARR SR TR AR 5 [ S 5t e
FEH T RO 2% R G b, S5 B B i
If -t A W 5 4 R R AR B B 3 5 DL RS el T
BEZ . 2 TEMOLE RS D, ASGEERN R
BHE 04228 660 mm X 300 mm, H. 555l & 48 K, il
K H KIS IR 8K B Ty 0] i 5 75 8 ik
7B AL B, dy it — 5 T A AT R E B B
TEE VRN W E RS B, 55 — 5 il e 1
LA TR S RGNS SR E .
2.1.2 HBUkM AR

J SR 5 B RE B e 4 32 B SR A2 ) K R
S5k D B T T P 1) A M PR O 2 AR AR ]
SR 8T M 7 R RR R AR . 1 T S
FEMIBE CE/ o) o FEsE SCORE AL 5 A5 0 0 485 B 1Y
PO RPERE T B K IR A B (M o HoE LR
MR IR RS R R BN LLE . TEX WY
B v B BROR A ORHPE RE B . SIC 1y LE NI B2
AT B AT H B A& M RO 2 4R A8 E



%5 W bR AF R A s ) U B ML SR S A B 1041

PEOL T T A b RL, 5 PERE SR AR, TS il R i H 4%
(1A RV = R E s R S v A P N A 3 e e
T SIC YRR AR R,
2.1.3 &=kt

TN A ARG B AR S R AE IR B T )
(R EBE X R S B AT T R R, RSB
BRE RO TG R R s LR R R 5 T A
JEERE B

(1) 12 R L i i

IZ TSR W T | S KR B SC
GFHREAHERR. X FHRE A R H5,
Roberts™™ 48 A58 TR D/t 5 A HAIE K
KR IHHB T TFLR AN,

_ 3pgd' _3pg(D/D* D’
16 Ef 256 E ’

K, 0 N KHEDLIL o AMBIHE; g HET
TN s a MR FKAE, a=D/2; E N PER & ;¢
ol SN =Y A A D O N 71 s N B v e E S Y s
o5 OR A 28 S B J5E B L AR R AR 8 R JE ) 55 B A2
JEE L 22 55 2 X OR SO o AH I K 88 B 5 B IR
SR JE R A B IT 43 B 5 1 3R e 0 00 B A JEL B
WA 28 2 (1D B A S S5 1 R 4 s 9 20 1 0 I
SRR RE S 50 mm, fif S B 4% iR 25 0 O R
FE I P ARORH . R

(2) 3 #4 S B E

SR B A I R B B T R —
AR ZAE [, Hall ™ 45 T 18 45 5 5 8% Bt
U EL IR Y /N W

0 (D

.t Es (2)

o, r AR RS 0 O B B BE 5 o b RL B B
g NH I EE s E R & 0 e K H AR
W SCAHBE 2 B I <0, 063 28 um(A/10)
it B A RIS R @660 mm 7K 5 6E Y 32
FEE N=3. 6, LI X 660 mm X 300 mm [
TR 3 p L SE AR R TR, X
PRI VE R S SN B AR AR R AR IR A,
IX S5 A A BR T 43 A R B E

(R RALFLAY 1 E

R AN [R]85 AR TR AR e 28 I S 5 1 % 2 Ak
LI IUIE R A IS HIE UILTE =M BB
[T s L ANE 28R G 8 2 i %k T BB 525

8N EE AL I B2 A R A R AR LR R AR B =
WAL R e . R i Al L B0 o A JEE
Ay Jay it Fie B 27 22 G 0] 3 55 1) TN 2 ok 8 1A%

B 1 BB
Fig. 1 Lightweight of mirror
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Tab.1 Errors of mirror surface under gravitational distortion

Eiviyia! PV/nm RMS/nm KK /pm
X 26. 2 5.1 1. 97
Y 21.4 4.4 1.95
Z 28.9 7.6 0. 83
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Tab. 2 Errors of mirror surface under 4°C uniform

temperature rise and gravitational distortion

&I PV/nm RMS/nm i KA /pm
X 30. 1 6.1 3.65
Y 31.9 6.3 3.66
Z 33.3 8.1 2.63
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Tab. 3 The first 3-order natural frequencies

and mode shapes of mirror component
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form temperature rise
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Fig. 7 Dynamic tests of mirror component in direc-

tions of X, Y, and Z axes
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Tab. 4 Comparison of dynamic tests and analysis results
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Tab.5 Comparison of test results before

and after vibration tests
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Fig. 8 Obliquity calibration of mirror component
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Tab. 6 Obliquity calibration results of mirror component

before and after vibration tests
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Fig. 9 Thermal vacuum experiment of mirror component
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Tab. 7 Comparison of surface figure errors of mirror

before and after thermal vacuum experiments
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