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Design of @450 mm light-weighted SiC mirror subsystem in

space-based astronomy telescope
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Chinese Academy of Sciences, Xi’an 710119, China)

Abstract: A @450 mm primary mirror subsystem of a space-based astronomy telescope was designed with
mass, optical surface distortion and reflectivity requirement. The open-back primary mirror was made of pressure-
less sintering silicon carbide, light-weighted at a ratio of approximately 70%. Three side supporting invar flexure
bipods were designed to minimize the assembling stress and the thermal stress. The high reflection was obtained
from the optical surface cementite. The mirror weighted 7 kg and the reflectivity was 98% after optical polishing.
The mirror subsystem was precisely assembled under the strict technical condition. The optical test with
interferometer show that the optical surface distortion is less than 0.024 RMS, which meet the critical optical
requirements for the primary mirror of the space-based astronomy telescope.

Key words: space-based astronomy telescope; ~ SiC mirror;  light-weighted design;  flexure support

ks B #A: 2020-05-16;  1&1T H#B:2020-09-09
EETH: PILATERC AT H (Space Variable Objects Monitor)

20200175-1



ISk A2

%24 www.irla.cn % 50 %
0 gl = Secondary mirror Primary mirror Support plate
=]

N S5 2 2% (CSURRAMID B ) 2 5 1 v k26 114 il
FUATERIE, BT ARk, AT HA T T 1Y i ARG
R (HFEA AT DU E R R AR TR T N Byt R
PR R At A o A B PRI H Fi R S
T BRI IR AU 2 — , REAS 48 7~ 8 K Joi 1 2 14 5K
bR PR B S T A

YA VERSC TR (Space Variable Objects Monitor,
SVOM) 1 3= 2Rk 2 H AR 2 0 55 2 2R K 2% g L,
SRtk — 20 T AN R ) BB | R T AR IR AR )
R B I S B o O 2= BRI BE (Visible Telescope,
VT) J& SVOM A R 22—, F2 20 S50 21 i) i35
AT oA BE DG W, 3R HO 2 R G038 4 XL
P B o 7 ORE R s 7 ) o3 R S LR Y I A
DA T 1 8 1 A2 R Y e £ M AR, A B T A B
FLAEI X GRG0 AR, i — 2045 75 J 2% 1) ) 2
ZN

VT #IEE 131 4-22.5 MV, ZoR G R 51
HOERCR KT 70%, A 6706 r s g 7118 T 13 K
G 5, 80% MRE R AE 2x2 BTN . E U AR
N VT B 622 R0 A, SR TR BE 7 T 1/504
RMS(/=632.8 nm), S 5 KT 98%, e i L KE B2 /)N T
1.2 nm, X0 3 RO BELH AR A Bt I AN T2
PR TR A ESR . SO SR AT B E R R
SERBCTH AN M SR DA S D5 T 2B, T A 4 a2 T
20, 0 gk S oA G 0 S SR B O M BRIt
T JE 245 18] K SCIG 58 H AR I 14 B2 SH B 4L AF o

1 ERHR®IT

L1 RZFERFIRT

VT Bt R 4 vE £ Ritchey Chretien fIlI 1E 51
HeF a5, F R B8 (Primary mirror), WK 3 85
(Secondary mirror), % 1E 4 (Corrective lens) Fl 43 1
5% (Dispersion prism) 20 A%, 40l 1 7R o JEiE o 3
YR R IE 3K 2 VR 2% 3 2ok A O E B AR I oA A A&
2%, e i3 53 e BE 43 I 3R B £L 8 B i i B gk
I o e RGRA/N F AW RGBT, ARUE
45 7RI R G

Corrective lens Dispersion prism

K1 VT BB R 00451

Fig.1 Optical system of VT telescope
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Tab.l Commonly-used space mirror material
property
Be Zerodur ULE U3¢ RB sic
silica
Density/g-cm™ 1.85 253 221 219 3.1
Modulus/GPa 303 92 73 72 391

Poisson’s ration 0.043 0.24 0.17 0.17 0.25

Thermal conductivity W-m™-K™ 216 146 14 0.5 120-170

Expansion coefficient/Kx10° 114  0.05 0.03 2.9 2.5

MR 1 AHEE i, Zerodur, ULE Fil Fused silica
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Fig.2 Development process of SiC primary mirror subsystem
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Fig.3 Structure of SiC primary mirror subsystem
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Fig.4 Largest deformation on the edge of the SiC primary mirror during

optical manufacturing
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Fig.5 SiC primary mirror
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Fig.6 Structure of the bipod flexure
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Fig.7 Effection of the variation of bipod flexure dimension parameters

on surface error of the primary mirror
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Tab.2 Optimization results of flexure support
parameters
Parameters Ranges Steps Optimization results
L/mm 5-20 0.2 10
w/mm 5-15 0.2 8
t/mm 1-2 0.1 1.5
d/mm 10-25 0.5 21
0/(°) 40-120 2 56

20200175-4



ISk A2

%24

www.irla.cn

EHEEHE VT (AN . RN R
Pl (LG BB, R A, ROt R AN
S5) BYSCHE AR o A ARIEAHBLAYPERE, T3 B TR &
SR RE S L W RE %h%%ﬁdﬁ%mﬁﬁ%%ﬁ
(7] FRf 30 75 B3 A AR LR AR B B A R o PRI Mt
%%%%%ﬁﬂﬁhﬁrﬁﬁ éﬁjﬁzéﬁmﬁ
Bt He AT R B A PIAY, o MR BT I R R S
Jiiﬁﬁ&ﬁﬁx%gﬁ%%ﬂ%i%%ﬁﬂwm
IR

Camera struts Camera baffle
interface

interface

Primary
mirror supports
interface

Aftoptical
system interface

Light-weighted
grid

[l 8 FRFEBRALAETT AR
Fig.8 AL/SiC baseplate

32 ERAHKENAE

ek S S iAGE i i T RCHE R T 25 F450F 0.2 mm
JECRG TRTBR, SR 3M 2216 BRAZE MR . i 5 &
B RG E TH FRL 24 2 000 mm?, 45 M BT ) 9 5 2
6 MPa, FHiffiit 7 kg, hE 2N FH4THE, iT2&
% 428 g N, AARE ML EHE.

WE 9 iR, FEES BT ORIE P AR Tt 5
B B0 K- T, 08 S BT B S R v v T
e, R GR J) RE RS G B R B T, AR A BR T b
VLB JE 7 R 50 Zs A 0, PR 7 ) i i B 152 22 5 1 ik
MU /N . BEBESE U ) R ER 4L 10 FTw

MII’I’OF distortions

O
S

1g gravity

i g

..b.

2l

C H

—

9 WIS AL R BB 2 (] Y9G 200 S BETRIE 4 20

Fig.9 Influence of the offset between the bipod center and the mirror

centroid on the mirror distortions
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Fig.10 Structure of the primary mirror assembly
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Fig.11 Finite element analysis results of the primary mirror assembly.

(a) Optical surface deformation due to 1 g gravity; (b) Optical

surface deformation due to 2 °C temperature
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Fig.12 Optical surface roughness test result of the primary mirror
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Fig.13 (a) Optical surface distortion measurement of the primary mirror
before assembly; (b) measurement result by ZYGO interfero-

meter
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Fig.14 (a) Optical surface distortion measurement of the primary mirror
after assembly; (b) measurement result by ZYGO interfero-

meter
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