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Lightweight Design and Structure/ Thermal Analysis of Primary Mirror Assembly in Op-
tical System
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Abstract ; According to the design requirement of a certain primary mirror assembly in Cassegrain system, based on the prin-
ciple that the thermal expansion coefficient of the support structure should match with that of the mirror, three primary mir-
ror assembly schemes are designed and analyzed by finite element analysis and parameter optimization method. The results
show that with the same structural parameters the SiC mirror has the better static and dynamic properties than the fused sil-
ica mirror and the K9 mirror, After the lightweight structure optimization, the mass of the SiC mirror with 256 mm aperture
is only 1. 22 kg. The structure/thermal analysis of the three schemes indicate that the third scheme,where both of the mir-
ror and the support structure in the primary mirror assembly are made by the SiC material, has the better over-all properties
than that of the other schemes. Moreover,the thermal expansion mismatch between the materials can be eliminated,and the
SiC mirror surface is satisfactory with the design requirements in the third scheme.
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(a) 3-D layout

(b) Shaded model
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Fig.1 Ray trace of the Cassegrain system
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Tab, 1 Properties of the primary mirror assembly materials

Mass Thermal Heat Specific

= Young's ., expansion conductivity  heat
6.

Materials /l({m,l . modulus Plfsfil; S coefficient /(W - /(-

8 5y [GPe & J078 . mTle kgl

e KH K'Y KD

El“lfcef 2. 20 74 0.17  0.56 1,38 787

4J32 8. 06 140 0.25 0. 54 13. 90 515

K9 2.53 81 0.21 7.50 1,21 858

4]J45 8.18 150 0.30 + 7.50 15,00 502

SiC 3.08 350 0.18 2.50 185. 00 700

ZTC4 4. 40 112 0. 29 8,90 8. 80 557
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Tab.2 Properies of the primary mirror of the three schemes

Lightweicht Maxium First-
Scheme Mass/k gr tiog displacement  order natural  Von mises
emes g /ay of the frequencn stress/ MPa
! faceplate/nm /Hz
1 1. 48 36,2 52.1 2392.2 0.017
2 1,71 36.0 55.1 2323.1 0. 020
3 2.08 36.0 15.5 4391.9 0. 024

(b) Deformation of the mirror
surface after optimization

B2 SiCERHE
Fig.2 SiC primary mirror
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(a) Finite element model
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Fig.3 Finite element model of the primary mirror assembly
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Tab.3 Properites of the three primary mirror
assembly under three load cases

Mass First-order natural Maxium displacement/pm

Schemes /kg frequency/Hz [ o4d case 1 Load case 2 Load case 3
1 2.12 1130 0.053 0.8 0.8
2 2.34 1131 0.058 5.8 5.8
3 1.54 2862 0.021 1.8 1.8

(a) First scheme

(b) Second scheme

(¢) Third scheme
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Fig. 4 Deformation of the mirror surface under the second load case
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