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Material selection and design of beryllium-aluminum alloy mirror

assembly for large-diameter space infrared camera
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(1. The School of Electro-Optical Engineering, Changchun University of Science and Technology, Changchun 130022, China;
2. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: In order to ensure that the space infrared camera obtained a light and reliable sweeping head, and the
mirrors had good surface accuracy and a high first-order natural frequency for the space sweeping camera system,
the structure of sweeping part was studied in a targeted manner. The beryllium-aluminum alloy material was
selected as the @750 mm diameter main mirror material, the flexible support structure of the titanium alloy
material was selected as the support structure, and installed in the main mirror chamber of the beryllium-
aluminum alloy material. It included a secondary mirror assembly, a secondary mirror support part and a light-
shielding cylinder. The total weight of the entire swinging part was 17.5 kg. The finite element method was used
to simulate the mirror assembly under the condition of force and heat coupling. The results show that the
maximum surface error RMS of the mirror is 27.04 nm, which is no less than 4/20 (4=632.8 nm) in the full
aperture range requirements. The first-order resonant frequency of the oscillating portion is 122 Hz, which
reserves a large bandwidth for the control system. The mechanical test results of the solid model are close to those
of the finite element analysis, indicating that the overall design requirements for the sweeping part are met.
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Tab.1 Performance parameters of common space camera mirror material

Mirror material Density p/g-cm™ Elastic modulus, E/GPa Expansion coefficient/K Conductivity, A /W-m K™

Beryllium 1.85 287
AlBe alloy 2.1 190
CeSiC 3.04 330
Zerodure 2.53 92
ULE 221 67

11.3x10°° 216
13.9x10°° 212
2.4x10°° 170
—0.09x10°° 1.6
0.015x10°° 1.3
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Tab.2 Performance parameters of common space optical system lightweight material

Flexible structure material Density p/g-cm™

Elastic modulu, E/GPa

Expansion coefficient /K Specific stiffness, £/p/m’

Aluminum alloy 2.7 68
AlBe alloy 2.1 190
Titanium 4.4 106.8
CeSiC 3.04 330
Al-Si/20SiLp 2.8 100
Al-Si/65SiLp 2.96 180

22.5x107° -
13.9x10°° 9.5x10°
8.8x10°° 2.53
2.4x107 -
16x10°° 3.3x10°
8.0x10°° 6.0x10°°
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Fig.1 Lightweight structure of scanning mirror

25 FHEZEIGIT

BIRASE S M AR T TAER, Has | KR, B
S DA B a3 A AP 45 52 2% 1 FA R 5.0 25 5 | AR 25 4 T
JFEAZ A, DTS D' A7 S S B 5 T T M 2%, SRR G
JeF AR T i A AR PR, T G A ] A L
14 4% s S B 4 T A7 ‘5 R A R 5 T T 7R ) e R 4
M ER . FERHE T, RS2 E I 1E
L e S A A BT, TS B AR g
TR ER, MAEI S 2E TOUF, RSB ARS8 MR Fh
BRARARL, BB AFAE VAR TE, AR S S NN ) 43
A5 A ] & A U, SRR .

AR, RS DR UE S SR BEAE #7200 Ak 4 55 10 1
RYI) S4B RS S i T SE PR 5, T RE S IR
TIE S S BEAE P 2 T 245 S 5 B 1 480 %) S 4
V7 B R S AR AL ) T SRR, R B T T R
B 2 T UL Y P o o S B0 S5 B () R 06 2 e
J125 T FA T2 T AT R 4% Ak 1 RO B, AR
Xof S S5 1) S S B A TRE B TR, AR IS Dl 1
IS AR ST A LG 09 2V, R Bk s 28 1 B e %
TES 0 A T R ARG B, A4S R 08 1 254
WIBE . FEPEZsH T WFRIE 1 if 2 5 AN AR R
JORE 37, AH AT LAAE 28 G2 2% 18 0 0 30 B 5 1 88 78 1 7
Az N T, B R YA 0 T ) R R, (A5 B S
Bi 4 SR T - 1 NI ) AE B A B A AR 32

201903904



ISk A2

% 64

www.irla.cn

e BR Fr SR S F, 3 G J 5 | g s o s S 5 5 T
T 18 2

ARHlE 1 T 1) S S R T A R A T A R, g
BiEA = AR I B R R — R A L, [RIEE
474 mm, fE+15 C WG, 8% mifr 8 | K81k
BN

S=IxaxAt=474x13.9%10°x15=0.098 83 mm (2)

RIS, AR PO ME 0.049 4 mm.,
INZEERT KR 60 mm, W4 0.047 208k 2'49.8",
PR I A S T 2 s A et 254 <

FTEER NG 2 BT, Z270 TR TR 2
ZE LK, W] LA A ) 58 B R AR T B RN

KPAES iz 0]

Fig.2 Flexible support structure
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Tab.3 Errors of main mirror surface with 15C
temperature change and three-dimensional

gravity in a full-aperture range

Forces GX+ATI5C GY+ATI15 C GZ+AT15 C

RMS/nm 14.77 17.04 14.16
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Tab.4 The first three order natural frequency of

primary mirror part

Modal Frequency/Hz
First order 299
Second order 300
Third order 387

M TR KB, EBE . BRI B A
A4 Bl PR P A PR I 2 B — A B, DRI 5 28 5 42
ST 0T . 3R S BRI IR IR, K 6
N EFANR GRS N R TS5 R (21 15 C
i AR AL RV ) o

R 5 EPMEEARRETHRSSHTER
Tab.5 Modal analysis result of swing part in the

constrainted condition

Modal First order Second order Third order

Frequency of swing part/Hz 122 284 287
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Tab.6 Errors of main mirror and second mirror
surface with 15°C temperature change and three-

dimensional gravity in a full-aperture range

GX+ATI5S GY+ATI5S GZ+ATI5

Forces C C C
RMS of the main mirror/nm 16.02 18.66 16.02
RMS of the second 16.42 13.44 18.09
mirror/nm
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Tab.7 First time mechanical test results of slewing

part
Direction X Y Z
F,/Hz 118 280 282
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Tab.8 Mechanical test results of slewing part

Direction X Y V4

F,/Hz 118 271.8 278.2
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