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Influence of radial temperature gradient on surface
figure of lightweight reflective mirror
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Abstract: To analyze the effects of radial temperature gradients on the surface figures of lightweight
reflective mirrors, a 2-m-aperture lightweight mirror of a space camera was taken as the research ob-
ject and a finite element model of the mirror was established. The effects of different radial tempera-
ture gradients and lightweight structures on the surface figure Root Mean Square (RMS) values of re-
flective mirrors was analyzed, and the accuracies of a simulation method and conclusions were verified
through an experiment. In addition, the coupling effects of different lightweight structures and radial
temperature gradients on the mirror surface figure were studied. Results show that the surface figure
RMS values derived from the radial temperature gradients of different distribution modes can differ by
a maximum of 294 times, and the surface shape error caused by the radial gradient is difficult to reduce
when optimizing the mirror support scheme. The mirror surface figures of different lightweight struc-
tures are different for the radial temperature gradient sensitivities of different distribution modes. The

lightweight methods of trefoil and symmetric chamfering are thermally stable to the mirror in a specif-
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ic radial temperature field distribution mode. Finally, sensitivity has an adverse effect.
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Tab.1 Material attribute of SiC reflective mirror
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2
T.(r.0) = K, + K, (rcos §) + K, (rsin ) + Tab. 2 Surface figure of reflective mirror under different
K, (2F — 1 + K, (Fcos 20) + Kq (7 sin 20) + thermal patterns with radial gradient
K, ((3r" — 2r)cos §) + K ((3r* — 2r)sin @) + RMS  /nm
Ko (67" — 67"+ 1), (10)
27,0 1 rcos 0 0.300 3 1. 024
, Z 2 rsin 0 0.295 3 1.010
o K, , 3 27 —1 285. 1 297. 0
. K=1C =£1°%C ; 4 ¥ cos 20 85. 76 83. 66
8 ° 5 rsin 20 85.79 83.56
6 (372 —2r)cos 0 156. 9 164. 4
RMS ’ 7 (37 —2r)sin 0 155. 6 163. 3
8 6r' — 612 +1 197.5 206. 7
) 6 o 3
3

Fig. 3 Thermal pattern with radial gradient and surface figure of reflective mirror
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Fig. 4  Structure composition of reflective mirror

C()mponenls
5(a) . 4 ,
6 s 3.4 °C,
3.5 C, ,
s o 4D
SiC

, 5(b) o

6
Fig. 6 Thermal pattern with radial gradient of re-

flective mirror
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Tab. 3 Surface figure of mirrorunder different load case
RMS/A
T
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Fig. 8 Different types of lightweight reflective mirror
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Tab. 4 Surface figure RMS of reflective mirror under different thermal patterns with radial gradient and different light-

weight types

Case-1 Case-2 Case-3 Case4 Case-5 Case-6 Case-7 Case-8
Lo 5.92X10" 5.83X10°" 3.634 11. 03 11. 04 7.576 7.576 16. 08

L1 80 4,23X107" 4,25x107" 4. 481 10. 51 10. 51 4.375 4.375 15
L1 160 4.02X10°° 3.99X10°° 3.906 10. 49 10. 48 2.09 2.09 12.94
L1 240 3.92X10°° 3.81X10°° 2.327 10. 66 10. 66 1. 668 1. 668 10. 43
L2 80 4,46 X10 " 5.00X10* 15.07 10. 81 10. 81 9.45 9.45 16. 55
L2 160 4.05X10°° 3.85X10°° 27.07 10. 77 10. 77 14. 21 14. 20 17.03
L2 240 3.86X107° 3.73X107° 32.99 10. 84 10. 84 16. 81 16. 82 15. 87
L3 80 4.07X10°* 3.90X10* 24.75 10. 89 10. 88 7.39 7.09 18. 21
L3 160 3.90X10°° 3.86X10° 44. 89 10. 89 10. 83 9.12 6. 94 21.08
L3 240 4, 87X107° 4,.58X107° 55.05 11. 07 10. 88 10. 76 7.23 20. 69
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Fig. 9 Surface figure RMS of reflective mirror under
different thermal patterns with radial gradi-

ent and different lightweight types
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Fig. 10  Surface figure of reflective mirror under dif-
ferent thermal patterns with radial gradient
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