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Abstract

A study on the topology optimization of a multi-spectral camera for space-use is presented. The
optimization is carried out under self-weight and polishing pressure loading. A multi-spectral camera for
space-use experiences degradation of optical image in the space, which can not be detected on the
optical test bench on the earth. An optical surface deformation of a primary mirror, which is a
principal component of the camera system, is an important factor affecting the optical performance of
the whole camera system. In this study, topology optimization of the primary mirror of the camera is
presented. As an objective function, a measure of Strehl ratio is used. Total mass of the primary
mirror is given as a constraint to the optimization problem. The sensitivities of the objective function
and constraint are calculated by direct differentiation method. Optimization procedure is carried out by
an optimality criteria method. For the light-weight primary mirror design, a three dimensional model is
treated. As a preliminary example, topology optimization considering a self-weight loading is treated. In
the second example, the polishing pressure is also included as a loading in the topology optimization
of the mirror. Results of the optimized design topology for the mirror with various mass constraints are
presented.
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Table 1 Values of indices m and n for some

Zemike polynomials (Z1 to Z8)
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Optical Specifications and
Mechanical Considerations
- Performance requirements
- Weight limitations
- Operating environment: Nongravitational ficld
- Sclf-weight. polishing pressurc
- Material sclection and timitation: Zerodus®

!

Key Physical Dimension
- Diameter of the primary mirror body

- Diameter optical surface
- Radius of curvaturc of the mirror surface
- Conic constant

- Lateral height of primary mirror
PAIRAN Geometric Modeling, Finite Element Modeling,
Physical Properties, and Boundary Conditions
3D clastic znalysis code 3D Etastic Def N Py N
l results

ljisplacemenl on Optical Surface l

Optical analysis code Zermike polynomial

Optical Analysis

RMS value

Topology Optimization

Optimization code - Definc objective function
——* . Apply consraints

+ Check convergence

Fig. 2 Flowchart of analysis procedure

gebd 54 AAGY We) ARLEe] g
ool Watgo] d47t d £= vk o
WHel AH FAle 2Ag wHe oy
O HagA et BE 24t
A ol =HEAol £X Yo FHHo|R B
t}"9 Ma, Kikuchi®t Hagiwara'%%= o]% W42
Wt gagt P55 URHoz Wy
BHaYAL B4 2 FANRAAN G 2
sl=& ZAlgsle HAHg o)F 1 (dual
method)S =ste] A LuE =S AetatgTt
¥ AT AT Ma, Kikuchi®} Hagiwara'%o 28|
AgE LduES ol &3t

X
[e]
T e
o] &3

Bl

P47

2 52 op 1

B T SRR S S

4. FHIARE A3t MAollel &

A48 I FEE

r\r

Fig. 29} Zt}

4,1 FHALH =
FHRALE Y g 25 A2 (Zerodur® )2 H
of glom A7 EAANE S 2k

29 9 X5 DN M

(0 Jor ot t Fo r}i

Zual A o] 93 A g 1199

Design domain

Non-design domain

305

Clamped

30.2 3125
[Unit : mm]

Fig. 3 1/6 model of the primary mirror

Ey=91GPa, v=0.24, p,= 2530 kg/m’

HAE e A e destel AARZE AAz
= T dARLY 16 P Bz {3
42 Rdystd sttt FAEY 16
D& Fig 37 Zoh FEHe] EAzhe Fubap
o 9 B3} dFPFozE FHAZEY zH
T e 7158 olfrE dAWA] Brbed
2 ol& v AA9Y ez dAsiglc
FHbAF o] 32k AE HAelA ALEE an
= 8l Y axo ]‘11 829 FE 10080712
skef siMsth EY go] WPz 94E
A9 IFE T FHALAEY Fo] wEgon
TUT AANSE AEF gk b gol
WFo 2 dANs F 2xrt 5dsiA EAgn
3 AdRste HAE F dx £33 239AQ
FEol HEF siglnh o)y = UWAHA 33
o) AZHHsE +48

ol g3kt



1200 WPE - Gy

Fig. 4 Density distribution during iterations for
mass ratio 22% under self-weight loading
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Fig. 5 Objective function values for mass ratio

22% under self-weight loading
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