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Abstract In order to achieve a high degree of light weight, a sector-shaped SiC light-weight primary mirror of a
1000 mm photoelectric theodolite is taken as the research object and optimized design. By optimizing the thickness
of the ribs on the back of the main mirror, the thickness of the semi-closed back panel and the total thickness of the
main mirror, the volume and quality of the main mirror are reduced. After the three-dimensional model is
established, the finite element model is established using the finite element software Abaqus, and the deformation
analysis of the primary mirror is performed after the finite element simulation results are obtained. The Zernike
polynomial is used to fit the deformation data of the primary mirror, and the root mean square (RMS) value of the
surface error of the primary mirror is obtained. The simulation results show that the mass of the optimized main
mirror is 62.78 kg, which is 30% lower than the initial mass (89.36 kg), and the diameter-to-thickness ratio of the
main mirror is increased from 8.58 to 11.44 when the design requirements of the main mirror surface accuracy are met.
When the optical axis is horizontal, a four-dimensional interferometer is used to detect the surface shape of the fan-shaped
lightweight main mirror, and the detection result of the RMS value of the main mirror surface error is 18.22 nm.

Key words optical design; electro-optic theodolite; primary mirror; lightweight design; finite element; Zernike
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Table 1 Physical properties of SiC
Density /(g + cm *) Elasticity modulus /GPa Poisson ratio Bending strength /MPa
3.05 392 0.25 100
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Fig. 1 Three-dimensional model of fan-shaped

lightweight primary mirror
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Fig. 4 Radial brace model

Bl 5 4 2 1 4 I

Fig. 5 Distribution diagram of support structures
3.3 EREEBEFEERSF

TE AR XS A BRIC o0 B 46 B = A= 52 i i AT 42 L
S YERERL AT A S T AR BRI o B BCE T
T AR T BRSO TR E 4 B 25 R A B
P 7 25 20 A % B T AT 2 O R v 4
SRR TR W RIS 45 Rk #e s . %A R
JUAGE RS B B i e S L AR T S S M 4H
B, X T EAES A A, R AR Lk
el 7 B AT R L MO S B ]
SR R 42 fioh . 428 1) S 45 0] H 0SBl gk A7 vt S 4
XSS FEHEHATHE AR . R G S A
oy i fin 24y A0 R A, e B Oy g, R T AR
SER LN B 2, 7N T A I A R 4343 R 2 R B 0 B[]
55X 07 e mk g S A DU T AR A% . EEE AR
JCAEHIINE 6 TR .

TEHE ST PEHT Yot hhds 1 R T, A il m)
AR EG AR . RS 250 A AT il e 5
A B WD s P AR AR 4 S R 0. 4227R RN
0.8165R, Hor R Sh E8mM MR 42, hit& T
5, N A1 B ) 45 0 Ak 2K 22 43 o 217,69 mm Al
420. 49 mm, k)5 B S SRR R 170 mm,
AINFE S S AR A 420 mm, I R B B AR
BT R E RMS {E R 4. 42 nm, Zad Bg 40 Hr

B 6 F B A R T
Fig. 6 Finite element model of primary mirror chamber
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Fig. 7 Stress nephogram of optical axis vertical
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Fig. 8 Stress nephogram with optical axis of 45°
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Fig. 9 Stress nephogram of optical axis horizontal
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Table 2 Comparative analysis of primary mirror in

different situations

RMS RMS RMS

t,/mm m /kg
1 /nm 2 /nm 3 /nm

8 6. 88 6.08 4.42 89. 36

6 7.11 6.21 4.72 75.38

4 7.71 6. 74 5.32 60. 66
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Fig. 10 Surface error curves of primary mirror
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Fig. 11 Displacement nephogram of optical axis vertical
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Fig. 12 Displacement nephogram with optical axis of 45°
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Fig. 13 Displacement nephogram of optical axis horizontal
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Fig. 14 Test result of primary mirror surface
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