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Design Simulation and Optimization for the Flexible Displacement
Support Structure Based on ¢1.8 m Lightweight Reflector
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Abstract Large-diameter lightweight mirrors with a flexible support structure can reduce the external force loads,
inertia loads, heat loads and so on to ensure the quality of the optical imaging system. In order to eliminate the
positioning error during polishing, testing and installation process, a novel support technology named flexible
displacement support model is used in CCAL polishing. Based on finite element analysis software Ansys. the greatest
amount of tilt. the maximum principal stress and the deformation of ¢1.8 m lightweight reflector caused by CCAL
polishing based on the flexible displacement support are analyzed, the simulation and optimization of the diameter and
distance of the restriction pad are finished, and the deformation of ¢$1.8 m lightweight reflector in different amounts
of springs compression is simulated. Simulation results show that the stiffness of flexible support structure, amounts
of tilt of reflector floor plate can meet the polishing condition, maximum principal stress intensity is much smaller
than the yield stress of the primary mirror, and the deformation satisfies the processing requirements.
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Fig.1 #1.8 m lightweight reflector. (a) Support structure of $1. 8 m lightweight reflector; (b) polishing model of

active lap on the ¢1. 8 m lightweight reflector
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Table 1 Material properties of fused silica

Density /(g/cm®) Modulus of Poisson's rati Coefficient of thermal Thermal
enstty JLe/en elasticity /GPa O1sson s Tatio expansion /(107° K1) conductivity /[W/(m « K) ]
2.19 72 0.17 0.5 1.4
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Table 2 Simulation results of $1. 8 m lightweight reflector based on different elastic coefficient

K /(N/m) U /mm D /mm |[U—D| /pm o1 /Pa PV /um
4X10° 0.59277 0.58942 3.3 88821 4.16
2X10° 1.1838 1. 1804 3.4 89848 4.2
1X10° 2.3657 2.3623 3.4 89917 4.2
8§10 2.9567 2.9533 3.4 97435 4.2
610" 3.9417 3.9383 3.4 97510 4.2
5X10* 4.7296 4.7262 3.4 97550 4.2
410" 5.9116 5.9082 3.4 97586 4.3
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Fig. 2 Simulation based on 18-point flexible support. (a) Deformation of reflector before applying active lap based on

flexible support; (b) tilt deformation as the active lap is polishing the edge of mirrors based on flexible support
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Fig. 3 Optimization analysis of the diameter of support plates. (a) Optimization analysis of the diameter of support plate

versus displacement; (b) optimization analysis of the diameter of support plate versus main stress o,
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Fig. 4 Position optimization analysis of support plate. (a) Optimization analysis of the radius of support ring

versus displacement; (b) optimization analysis of the radius of support ring versus principal stress g,
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Table 3 Simulation analysis of spring compression L

i L /mm o1 /kPa F,(e=1~18) /N fi~fs/N f2/N |[U—D| /um PV /nm
1 5] 32.50 250 —33.3 —223.8 0. 55 873.1
2 4.4 35.152 220 147.6 —45.8 0.62 887.6
3 3.8 37.809 190 328.4 132.3 0.71 964. 4
4 3.2 40. 467 160 509. 3 310. 3 0.79 1091.5
) 2.6 43.125 130 690. 1 488. 3 0. 87 1224.9
6 2.0 45.784 100 871.0 666. 4 0. 95 1359.0
7 1.4 48. 443 70 1051. 8 844.4 1. 04 1493.4
8 0.8 51.102 40 1232.7 1022.5 1.12 1628.0
9 0.2 53.762 10 1413.5 1200. 5 1. 20 1762.7
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Fig. 5 Comparison analysis of surface accuracy based on different support models. (a) Deformation of mirror based on 18

points float support before applying active lap; (b) deformation of mirror based on 18 points float support after

applying active lap;

(c¢) deformation of mirror based on 21 points rigid support after applying active lap;

(d) deformation of mirror based on flexible displacement support after applying active lap
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