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Topological Optimization Design of Imaging Primary Mirror Based on
Root-Mean-Square Error of Surface Figures

Chen Ke', Qiu Rongsheng
Shanghai Aerospace Control Technology Institute, Shanghai 201109, China

Abstract The topological optimization design of a primary mirror is carried out to resolve the contradiction between the
excessive change in the surface figures and the light weight of the primary mirror under high rotation speed. The primary
mirror is divided into hexahedral elements by HyperMesh software, and the displacement of all nodes on the two surfaces
of the primary mirror along the central axis of the primary mirror is defined as the response. The root-mean-square (RMS)
error of surface figures (relative to static surface figures) is used to evaluate the surface figure change of the primary error
and is taken as the optimization constraint, and then the topological optimization of the primary mirror is performed with
the goal of the lightest weight. The optimized structure is reconstructed geometrically and substituted into OptiStruct for
recalculation; the primary mirror is processed according to the reconstructed model, and the RMS error of surface figures
after optical fabrication is measured by an interferometer. The optimization results indicate that the RMS error of the
surface figures is below 0.35 pm, and the weight is reduced by 38.54%. The surface figure accuracy of single-point
turning is 0. 08 pm (obtained by calibration), and thus the RMS error of surface figures after optical fabrication does not
exceed (0. 35+0.08) pm in theory. The surface figures of mirror 1 and mirror 2 measured by the interferometer after light
addition have an error of 0.36 pm and 0. 31 pm separately relative to the theoretical surface figures of the single-point
turning, which are all less than 0. 5 pm.

Key words measurement; optomechanical design; topological optimization; lightweight; complex optimization constraints
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Fig. 1 Schematic of implicit deformation of primary mirror
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Table 1 Material parameters of imaging primary mirror

Elastic .
i ) .. Density /
Parameter Material modulus / Poisson's ratio ",
(grem )
MPa
6061
Value aluminium 71000 0.31 2.7

alloy

P2 TR BROTAEIY . (a) 505 (b) BET 15 (c) BETm 2; (d) 47l il

Fig. 2 Finite element model of primary mirror. (a) Half cutaway; (b) mirror 1; (¢) mirror 2; (d) isometric
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Fig. 3 Optical fabrication conditions of primary mirror
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Fig. 4 Response definition

function RMSRMS (iparam,rparam,iresp,rresp,udata)
{

summ = 0;

rmss = 0;

L% 13

while (1<2017)

do

summ = rparam[i]+summ;

i=i+l;

end

avg = summ/2016;

L. Ly

while (1<2017)

do

rmss = (rparam[i]-avg)* (rparam[i]-avg)+rmss;

i=i+1;

end

rresp[l] = sqrt((rmss/2016));

summ = 0;

rmss = 0;

Lo U

while (i<1313)

do

summ = rparam[i]+summ;

i=i+1;

end

avg = summ/1312;

i 13

while (i<1313)

do

rmss = (rparam[i]-avg)*(rparam[i]-avg)+rmss;

i=i+1;

end

rresp[2] = sqrt(rmss/1312);

return true;

#5 HML
Fig. 5 HML file
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Fig. 6 Topologically optimized structure obtained from OptiStruct software when the density threshold is 0. 20. (a) Front view;

(b) section (no column); (¢) section (with column); (d) isometric
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Table 3 Comparison of the results of different density thresholds

Density threshold 0.10 0.15 0. 20 0.25 0.30 0.35 0.40 0
RMS1 /pm 0.3153 0.3191 0.3239 0.3279 0.3314 0.3367 0. 3407 0.5754
RMS2 /pm 0. 2885 0.2888 0. 2862 0. 2883 0. 2907 0. 2907 0. 2900 0.5392

Mass /g 671.62 662. 84 651.95 643. 74 636.52 631.63 625.47 1054. 6
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Fig. 7 Refactoring model. (a) Front view; (b) section (no column); (c) section (with column); (d) isometric
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von Mises stress /Pa
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Fig. 8 Stress distribution of reconstructed model
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Table 4 Comparison of reconstructed model performance

Model Solid model Refactoring model
RMS1 /pm 0.5754 0.327
RMS2 /pm 0.5392 0.291

Mass /g 1054. 6 648. 21
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Table 5 Comparison of root-mean-square error of mirror

surface figures after optical fabrication

Face type Theoretical face Actual face
RMS1 /pm 7253 7253. 36
RMS2 /pm 8525 8525. 31
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