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Topology Optimization Design and Analysis of
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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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Fig.1 Astron's lightweight structure
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Fig.2 Fraunhofer's closed structure

EAT, AT 40 SO B3 I 45 MR AIE S SCHE R
IINTIRD . FEBRIEAS b, A SO I — A SO R )
ARG AT TRt S MR . HOE R
300 mm, F#HEy AL6061, TAET Al WG Bl R
MAS FE RMS {8 /N T A/50(A1=632.8 nm). 7£— & £ 1
Bt b, SR N RBIE N 3 B LE R, SR
B 2, = msc . ol i
AT ITVE RS T IR, R T S8, 4
BT FSCHERRE

1 REHREIFRIMAKL

1.1 FEARGEETRTINEIE

M4 2 RetE, ERH IR A4 7 2wt
N K E A NEEAEIF AT R . R ML)
RALET, B DRKMFFLELRE, TH
MU Ik B B 45 H B 38 R X B R PR 2 180 A7 )
AR T RAT 25 0 T, 80 T TR, bR
ISR A R NS E NS LS . N

b, AR RS DLE S A M AR AME L R ST 45 4
Bevh gz B A TR 5N AT AR
MBI, KRR RITE L, LRI
SRR R R RS R, Al i A A S
PACIERE . BARIERE S RBE T A 2408 % 18] [ 1 A
B (RHARX R 0~1 (8], JEd4E NG
X BT REHEAT H)E DR B B bR, 19 E]—EMRLE
BT, SRR NREME TR iR
T IBARR:

Vi () =27 %V (i =1,2,--,n)
S.t.:
C(x)=U'KU <C’
KU=F
0< Xy <X <1

e VONEELEAART vi NEIOERRR: xi N TR
s on NBEHICEEL CONEMEBARZE, K £
NSRRI U ARSI F ER 15 Xmin 5
TR TR,
1.2 #hIMbKAE

Bl 3 N B A BROGAE Y, SR MR IRAL
MIBETT X3, TR B 0 S H R R SR T, N
Wit Xk, AL6061 A KHE 14 UL K & S 8 451 2 4L
SR LRI 2 . T RmAA R 3 EAG R
T f 2 B DR 2 O 0 5 S 43 S I () 6 B 22 FE 5 30
(7 o, BT A SZ 4347 B F B 55 1= 2% i 8 mm £
Bk, fE—ma i b, UK = A
X, WIRBIWE B PEAE ), SR 4l B iR 35 &)
T o A S0 AE 2 AS FE Al = ) TOL R, DA
[IREP=¥SYON ;2= Y AES R (Y EAY SIVL LN S 2N
YE Rt B bR AT 5

K3 Iehtsif IRuiA
Fig.3 Finite element model of reflector
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Table 1 Material properties of Al6061

Thermal conductivity/ Coefficient of thermal

Material Density/(g-cm3) Young's modulus/GPa

(W-m 3K

. o Poisson's ratio
expansion/10 5K ™1

Al6061 2.7 71

154.3 224 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

SR, wIMRLI S R E 4 o, E5 M
BT X R o S S5 PP AR AE Ay B N IL T 3
PEEN 5 G . BT VIESER A 6. RHA
BRI A B AN LG, 49 BRI AR il ) 5
Z M E ST RMS 435104 7.136 nm fi15.779 nm. LA
B E ) TR, B 7 56 8 4 ARG
PR Ty BL2E AT A 45 3
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Fig.4 Result of topology Fig.5 Bottom of design

optimization area
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Fig.6 Initial model
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Fig.7 Simulation results of axial self-weight
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Fig.8 RMS value of axial self-weight
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(b) Characteristic parameters of mirror profile
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Fig.9 Main characteristic parameters of reflector
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Fig.10 The influence of the height of the mirror body 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
Li/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 MRILER PPN SR B AT R K LA AN [ 45 g 1) % L &

ZHEARA S B 12 Fros, BiEN 2.08 kg
A E ) 542 M E SR RMS 2054 5.888 nm Al
5.884nm. BHEARIET] 70%.
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Fig.12 Optimization results
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Fig.14 Structure of open circular hole without flanging
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Fig.13 Center circular support structure
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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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