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Research and Experimental Verification on Topology Optimization Design Method

of Space Mirror Structure Based on Additive Manufacturing Technology
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Abstract: In order to obtain the design scheme of space mirror with light weight and high surface accuracy, a design and manufacturing method
combining topology optimization and additive manufacturing technology was proposed. Firstly, the basic process and key technologies of space
mirror design were introduced, and the advantages of the combination of topology optimization configuration design technology and additive
manufacturing technology were analyzed. Secondly, the scheme design of 500 mm diameter SiC mirror was completed by using the back open
structure topology optimization design method. Finally, using selective laser melting (SLM) technology, the fabrication of 260 mm diameter
aluminum alloy mirror blank was completed. After the mirror and its supporting structure were assembled, the modal test of the mirror assembly
was carried out. The results show that the optical and mechanical properties of the mirror can meet its working requirements, and the
lightweight rate and stiffness of the structure are obviously better than the traditional design scheme, which will provide an effective
development method for the improvement of structural design and optimal manufacturing of space mirror.
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Tab.1 geometric information of spherical mirror

JUTE HfE JUTfE R HfE

H4& fmm 500 TRF /mm? 1.16x107
YHEALIEAR fmm 50 BEIEEAH /mm? 1.98x10°
BEETNREAR fmm 1500

W2 7 Ry SO B i) JUARTASE RS, B Sk T 8 =
MO, S AR BRSO E R E A R
T LA B0, M A 7R S S0 B AL it
AR, 29 . S8 BT TR A SiCob R, b ) 285 B oy
32 gfem?®, BRPEREEE N 420 GPa, WIBRIREE &M 37.1 kg,
AR 017, OB BESEH BT TR R INR 2 iR .
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Tab.2 design requirements of spherical mirror
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BRI fmm >5 SCHEALEEIR /mm 6
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Fig.5 Topology optimization results when o= 0.17

MRS, ST LA B0, Xk 2 B4 I 38 1588 88 e 13
b A T B 1) ) A A RS B T S PR AL I SR
AR bR A ) IR KRy, SR
VUG o LR SRR, AR 4
A AR R, R R —A AR R, H,
TR TE 1 S L R RN VT S AR I R [ A
(14 1o J3E 35 ELA BT 3 A I R

R P b 25 R 7 S e i i AL S 1) = HER TR
FH T B D0 A R L AT Jmy RS BE 43 A5 A AN B0 fh Ze B =X
5 R B RSB R 25 AL A SR T A 2 o AR A i T A
FEPad Z I A RGN T, [N e B S e = G
BRI Bt 23 X F NS SRR VE AR (R Z5 A T SRS . R =
4t CAD BRAF 1) J5 b 313y
RE XA 70 30 47 ' 1 Ak 45
i, b AT e 57 5 S B
AR S R R S
A MR O 1k 45 S A
R s =, AR
BT B bR i R A4 T )
M, 3B R = o
IR RBGELTTE o gypmmrsnn
L EFELTE, B2 UE Figs Configuration of mirror topology
6 T 7 14 AT 4] 5 B A
CADf52Y

53 B G K ST Bl R B Ol X 5 A e 1
TR, SR R R i 5 R T,
IF R R BE AL AR, R FHPRE Zernike 2T A AR IE 5
M BE T HEA TR0, 22 BB 1o 1) WA O B A0 86 A 158 2 1Y) 5
M), T 5 A5 S Bl 7 S R il 58 T B X6 R A 1T 1R 2
RMS{H 23515 0.914 7 nm F14.878 4 nm, Ho58 1 A3 1) fiz
BB mE T (a) FnE7 (b) Fim.

optimization scheme

Ca) AN ELIN BE T AR TR
K7 EIE T B

Fig.7 The mirror deformation under gravity
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Tab.3 Test equipment parameters
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T T 3.15Hz~20kHz  17~138 dB
pgigiill s 50 mV/Pa
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Fig.10 Test status of mirror modal frequency
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Fig.11 Mirror modal frequency diagram
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Tab.4 Mirror modal test results
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