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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.
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Fig. 3 Distribution diagram of support points
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Fig. 5 Distribution diagram of support structures
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Fig. 6 Finite element model of primary mirror chamber

, G/9(G
)
3/4,
89.36 kg, )
0.0459 MPa,
, 0.0652 MPa, SiC
100 MPa, ,
7 o

"

Stress /MPa
6.517 X102
2448510 X107
3§g§§ 8:3 1 6.517X 10
3.812X102
3.271 X102
2.729 X102
2.188 X102
1.647 X102
1.106 X102
5.649X 102
2.374 X104

7

Fig. 7 Stress nephogram of optical axis vertical

45°
, RMS
6.08 nm,
, 0.0763 MPa,
SiC 100 MPa,
8 .
RMS
6.88 nm, ,
, 0.103 MPa,
SiC 100 MPa,
9 o
3.4

1122002-4



Stress /MPa,
7.627X 102
W 6908% 10
B.6.369x 10
5.739 X102

11Ny 1N-2

Biisixio:

Hossoxi0: SN
22
2.504X 102

Hioesx10: \CE SN

i 1335102

7.062X 10
7.708X 104

f e,
S
8 45°

Fig. 8 Stress nephogram with optical axis of 45°

9.396 X102
8.5644X10*
7.691 X102
6.839X102
5.987x 10~
5.134 X 10*
4.282X102
3.420X 102
2.577X102
1.724X102
8.719X10*
1.946X 10

9

Fig. 9 Stress nephogram of optical axis horizontal
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Table 2 Comparative analysis of primary mirror in

different situations
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Fig. 10 Surface error curves of primary mirror
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Fig. 13 Displacement nephogram of optical axis horizontal
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