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Topology Optimization Design and Analysis of
an Integrated Aluminum Alloy Mirror

WANG Shang'?, ZHANG Xingxiang®, SHAWei!, ZHU Junging®
(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: Topology optimization design was conducted for an integrated aluminum alloy mirror with a
diameter of 300 mm. Under the self-weight load along the optical axis of the mirror, the global flexibility
was considered as a constraint, and the minimum volume of the mirror was considered as an objective for
iterative optimization to obtain a topology optimization model. According to the results, a solid model was
established, and its parameters were optimized. Finally, an integrated mirror structure with a total mass of
2.08 kg, root mean square of 5.9 nm, and lightweight ratio of 70% was obtained. Through comparisons to a
contrast structure combined with a parameter optimization process, the validity of the topological structure
features was determined, and the support characteristics were analyzed. A support structure consisting of a
central hexagon and semi-closed structure contributes significantly to the improvement of surface shape
accuracy under the conditions of self-weight. There is an optimal supporting position for the central hexagon
structure, where the ratio of height to diameter of the regular hexagon is 0.26.
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1 Astron 2 A1 EA LML
Fig.1 Astron's lightweight structure

2 Fraunhofer SEi = 144 L5 2
Fig.2 Fraunhofer's closed structure
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Fig.3 Finite element model of reflector

# 1 AI6061 [ kHE M
Table 1 Material properties of Al6061

Thermal conductivity/ Coefficient of thermal

Material Density/(g-cm %) Young's modulus/GPa

(W-m 3K 1)

. o Poisson’'s ratio
expansion/10 6K ™!

Al6061 2.7 71

154.3 22.4 0.25
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Table 2  Structural parameters of reflector

External diameter/mm

Internal diameter/mm  Radius of curvature/mm  Height/mm

300 80 610 45
G, IO ALm I 4 s, 5 —
S B S H
R S A E e 2 O RAIB R
LR SRR, RS MARUN I 6. TG 21 B

BR TG HT BTN AN A, 49 BIRTAA R H 4 ) 5
ZHE ST RMS 4351104 7.136 nm fi15.779 nm. LA
S E ) TR, B 7 5 8 4 ARG A
BRIC15 B 45 RN LA 45 3

K4 ShadeiLm s
Fig.4 Result of topology

&5 B XA
Fig.5 Bottom of design

optimization area

K6 Huatin
Fig.6 Initial model

Bl 7 e H BT ESSR
Fig.7 Simulation results of axial self-weight

K8 e B #E RMS B
Fig.8 RMS value of axial self-weight

RETEEI S EERHESHNE 9 s, K8
Xof S S B R B AR T B B K o 0 A ST ) S S
SR, Bk VO FEAE 40~55mm 2], FRIEA 10
WA v LS, BB S S R RN,
) TH R R, EERIE—EmEE,
HERRRMECNE S, HE TR, fE55 N 52.5mm
2 Ak B, RMS A 7.015nm, PV (Peak to
Valley) fE’4 35.625nm.

(a) Characteristic parameters of mirror top view

(b) Characteristic parameters of mirror profile
K9 SUpEE - ZRESE
Fig.9 Main characteristic parameters of reflector

BI10 G s B T % I 2
Fig.10 The influence of the height of the mirror body on the
surface shape

63



Ha4E B AN S BN Vol.44  No.l1
2022 4£ 1 H Infrared Technology Jan. 2022
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Fig.11 The influence of the size of the central hexagon on the

surface shape
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Table 3 Optimization of other characteristic parameters

Aucxiliary rib plate position  Round hole size  Flanging size  Flanging thickness  Rib plate thickness
Features
L¢/mm D/mm Li/mm Hi/mm Ti/mm
Range 60-70 20-30 2-6 1-8 3-7
Step 1 2 1 1 0.5
Optimum 66 30 6 3 6
2.4 fRILER NG R B AR AT R S ) LA AN [ 25 g 55 EE &5

SRR EE R WA 12 Fios, B ERN 2.08kg.
M E ) 5R B E S FE RMS 4358 5.888 nm Al
5.884nm. HEARIET] 70%.

3 SHEMEIRIXIEL T

N T U MU AR 2 P g 5 S T R S A
REAERIALE, S T RO RIS PR L. FFK
=R S A5 IR AT T A RS E Ak (] 13~
15) , XTHhgE Rk 4 pror.

K12 fefess
Fig.12 Optimization results

K 14 el I aE fLE5

Fig.14 Structure of open circular hole without flanging
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Fig.13 Center circular support structure

K15 ANE=MEmHREH

Fig.15 Structure of triangular rib plate in inner ring
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Table 4 Comparison results

Z:RMS/nm  Z:PV/nm  Y:RMS/nm  Y:PV/nm

Optimization results

Center circular support structure

Structure of open circular hole without flanging
Structure of triangular rib plate in inner ring

5.888 26.039 5.884 32.884
9.235 40.451 4.454 22.964
6.232 27.737 7.203 39.019
8.297 35.722 5.042 27.561
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