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Ultra-lightweight Design of ¢$610 mm Circular Primary Mirror
Supported in Centre

BAO Qi-hong'?, SHA Wei', CHEN Chang-zheng', REN Jian-yue'
(1 Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences ,
Changchun 130033, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A circular primary mirror of an off-axis three mirror anastigmat space camera with an aperture
of $610 mm was ultra - lightweight designed to meet the requirement of designing lighter and better
satellite cameras. By choosing the back-centre-single point supporting way, using the variable rib
thickness and the variable rib height sturctural style and combining with the integrated optimization
design method, the mirror was designed with a weight of only 6. 23 kg and the surface density about
21.3 kg/m’. The support structure for the mirror was designed and the static and dynamic performances
of the mirror subassembly were simulated. The simulation results show that the surface figure error
(RMS value) is less than 6nm when the mirror subassembly is under the load condition of gravity in three
different directions and is less than 1nm when the temperature variation is within ==4C. The first-order
natural frequency of the mirror subassembly is 112 Hz. The results of frequency response analysis
present that the maximum stress in the screw hole of the flexible structure is below the yield strength of
its material. All performance indexes of the ultra-lightweight mirror designed in this paper meet the
requirements of design and the maximum aperture of the mirror which can be supported by single point in
centre is $610 mm. The design proposes a method and reference to ultra-lightweight design of same type
mirrors.
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Integrated optimization design; Finite element simulation
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(a) Geometry model
Side-thickness

Rib-thickness
Face-thkciness

Hole-thickness

(b) Structural parameters

W1 KA &

Original structure of reflective mirror
F1 SICHEEME
Table 1 Properties of SiC

Fig. 1

Density Young's modulus Poisson's ratio CTE
Unite g/cm’ GPa — 107 °/K
SiC 3.2 330 0.3 2.4
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Fig. 2 Schematic of distribution of lightweight ribs
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Fig. 3 Control variables of the rear surface of the mirror
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(b) Optimized finite element model

B4 AR JE B R ST SR IR AR AL
Fig.4 Original and optimized finite element model
of the mirror
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Table 2 Design variables and optimization results (unit: mm)

Mirror

Variable Domain Original Optimized
F, [4, 6] 5 4
H, [5, 8] 6 8
S, [3, 6] 4 3
R, [2,6] 4 4 sheath
R, [2, 6] 4 2 connector
R [2, 6] 4 2
Ry [2, 6] 4 3
hy [—10, 30] 0 29
hs [—30, 10] 0 6 (b) Connecting relation
nooo el o o 5 EHEELH
mass/ kg - 9. 37 6.23 Fig.5 Flexible support structure
RMS, /nm —— 1. 685 4.518 £3 BIHEEM
RMS, /nm - 33.679 4,427

6] [ AR 5 A 45 T P 6 B RMS AL T 5 nm,
I BT EOR AR T R R AT R H .

3 RESRAMHKSH
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Table 3 Properties of structural materials

Material Density Young's modulus Poisson's ratio CTE

Unite g/cm3 GPa — 107%/K
Invar 8.9 141 0.3 2.4
TC4 4.4 114 0.3 9.1
SiC 3.0 180 0.3 8.0

TIE 45 R4 T £ ) st A /N o S A R R T R 2 A
nE 5(h).
3.2 BAESH

NT AT R BRI B ) A PR RE L S R
SR LEL A B0 S P BT AR AL X S S B AL A AT R D 20 #
IS XY Z =A 05w pg A EmAE 4 C 88 TR
B UG = I 6. 545 R UL 3R 4. WTHEE L5
SERTLIE N, ERAME X mAMY [0 E I TR TR
SR IIE RMS fH/NF 5 nm. Z [6 5 ) T80 N B9 i
JE RMS /N T 6 nm B9 R B 1 20K 5 35 95 0 5
SCPER T AR ALTRT AL 1 22 M S A A T L R R eI
TSR IR S B B AR AN D TR T X 5% T IR T 7
AR A AR A C AR TE AR B b 8 P
RMS {H/MF 1 nm.

*4 RHGEARBESWER

Table 4 Analysis results of mirror surface precision

7
!
\X

(a) Flexible connector

Load case PV/nm RMS/nm
Grav_X 23.373 4.352
Grav_Y 23. 267 4. 348
Grav_Z 24. 882 5.728
Temp_4 7.533 0.922
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(a) Gravity in X axis
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(c) Gravity in Z axis

(b) Gravity in Y axis

(d) Temperature variation

M6 wmHNbEzHE
Fig. 6 Fitting nephogram of the mirror
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(a) First order mode

(b) Second order mode
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X~.<Z

(¢) Third order mode

H7 EH#4%w3 nikEHE
Fig. 7 The first three order mode shapes of the subassembly
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Table 5 Modal analysis results of primary mirror subassembly

Order Frequency/Hz Libration form
1 112 The mirror rotates along Y-axis
2 112 The mirror rotates along X-axis
3 193 The mirror rotates along Z-axis

3.3.2 SMErA 5

A5 2R 00 1 43 BT 4 BT 65 A A TR SR AE R Y

M 17 A SC 43 A 2 I R S R T 45 A 4 o i o 0 S
22

,ﬂ

|

|

1.8
1.6
1.4
12
1.0
0.8 l
0.6 \
04

|

Acceleration magnitude/(x10°)

40 80 120

Frequency/Hz

160 200

(a) Excitation in Y axis

5.0
4.5
4.0
35
3.0
25
2.0
1.5
1.0
0.5
0

T

Acceleration magnitude/(x10°)

40 80 120

Frequency/Hz

160 200

(b) Excitation in Z axis

B8 ik B v R b &

Fig. 8 Frequency response curves of acceleration excitation
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Table 6 Simulation results ofdifferent aperturemirrors

Scaleratio APerture of RMSy/nm RMS;/nm RMS,/nm RMS;/nm First order
mirror/ mm frequency/Hz
0. 80 488 2.785 2.783 3. 666 0.737 140
0. 90 549 3.525 3.522 4,639 0. 830 125
1. 00 610 4,352 4,348 5.728 0.922 112
1.10 671 5.266 5.261 6.930 1.014 102
1.12 683 5.459 5.454 7.185 1.033 100
1.13 689 5.557 5.552 7.314 1.042 99

T2

AR SCEE X R TMA 2 6] A HL R H A2 B 32 86 3
FH R v B T S A T 3 R AR A9 PR R AR A
Bt 4 A RRAL B T7 L B E T A A 2 R R

WE e AL BT IR B4 B0 B i RO 6. 23 kg T
21,3 keg/m” K F TR BB H A, 2
T BB S IF e i T AR Bh e
RE. 0 1 0 M 4 SRR W], =) EE ) 00T S S B Y I E
AERE RMS EEF 6 nm,4 C¥ AR FF 8 ff T F
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