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Simulation and optimization of axial supporting structures for
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Abstract: In order to obtain the effect of supporting structures on the surface error of theodolite primary
mirror, the topology optimization and parameter analysis of axial supporting structures of primary mirror
were performed. First, contact boundary condition was used to establish the detail finite element model of
primary mirror supporting structures. The surface error of original supporting structures was analyzed and
the surface error RMS was obtained under both horizontal optical axis condition and vertical optical axis
condition. Then, a 4D interferometer was used to measure the surface error RMS under lateral supporting
condition. Results show that the deviation of surface error RMS of numerical results and experimental
results is 13.2%, which verify the accuracy of simulation method. At last, the topology optimization of
the primary axial supporting structures was carried out. The new axial supporting structures were made
according to the topological configuration. After that, the parameter analysis was carried out on some

important dimensions of axial supporting structures. Results show that the primary mirror surface error
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RMS of optimized supporting structures is obviously better than the original one. The original surface

error RMS of axial supporting is 11.49 nm, while the optimized one is 8.38 nm. The research is an

important reference to the design of primary mirror supporting structures.
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Tab.1 Material property of primary mirror and

supports
Densit Y dul
Materials p/;grl.slnf:; our;jgn\r/[n;)au us Poisson’s ratio u
Zerodur 2 530 90 600 0.24
40Cr 7 829 21 100 0.288
GCrl5 7 780 21 200 0.29
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Fig.1 Finite element model of original primary mirror and supporting

structures
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(a) Lateral supporting
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Fig.2 Surface figure of primary mirror with original supporting
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(b) Axial supporting
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Fig.3 Surface figure of primary mirror tested by interferometer
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Tab.2 Comparison of numerical results and

experimental results

PV/nm RMS/nm
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Deviation 15.2% 13.2%
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Fig.4 Best topological configuration of triangular frame and balance bar
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Fig.5 Sketch of axial supporting parameters
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Fig.6 Effects of outer ring radius R; on primary mirror RMS
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Fig.7 Effects of inter ring radius R, on primary mirror RMS
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Fig.8 Effects of balancing bar width on primary mirror RMS
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Fig.9 Effects of triangle frame thickness on primary mirror RMS
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Fig.10 Optimized suface error configuration of primary mirror
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Fig.11 Deformation graph of primary mirror system under 30 C
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Fig.12 Effects of temperature on primary mirror RMS
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