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Effect of axial temperature difference on imaging
quality of space remote sensor optical system
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Chinese Academy of Sciences, Changchun 130033 ,China)

Abstract: The Finite Element Analysis(FEA) method is used in thermal analysis on axial temperature
difference effects on the imaging quality of space remote sensor optical system, and deformations of
Primary Mirror(PM) surface and Second Mirror(SM) surface. The FEA model was set up by PAT-
RAN software,and temperature distribution calculation was completed by NASTRAN/NT software.
The thermal elasticity deformations of main surfaces were expressed in Zernike polynomial and the a-
nalysis results were computed by ZEMAX optical design software to carry out the interface between
the thermal analysis and the optical analysis. The results show that the axial temperature difference
not only brings the defocus, but also effects on the image quality of the optical system. So tempera-
ture control is needed in focusing. Finally, this paper suggests that the axial temperature difference re-
quirement of the PM is 0.8 C, the SM is 1.0 C,and between PM and SM is 3.0 C.
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Fig. 1 Optical system of space remote sensor
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Fig. 2 Equivalent flat glass
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Fig. 3 FEA model of optical-mechanical system
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(a) FEA model of PM (obverse)

(b) EHH A RITHA
(b) FEA model of PM (inverse)
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Fig.4 FEA model of PM
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(b) FEA model of SM (inverse)
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Fig.5 FEA model of SM
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Tab.1 Thermal-optical analysis results of axial temperature difference of PM

(inverse temperature is higher than obverse temperature)

3 2 MR RAME RN D SB¥RGE ML RE MTF(38.5 Ip/mm)  RE&EHER
PV RMS 0 M7 0.71 L35 1.0 ¥ (¥ f :mm)
0.6 C 0.06 0.017 0. 608 0.568 0.562 —0. 687
0.8 C 0.08 0.022 0.538 0.517 0.513 —0.913
1.0 C 0.11 0.028 0. 464 0. 462 0. 449 —1.138
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Tab. 2 Thermal-optical analysis results of axial temperature difference of PM
(obverse temperature is higher than inverse temperature)
Bl 2 EE AL G0 B RGN0 A MTF(38.5 Ip/mm) R & 4R it
PV RMS 0 ¥ 0.71 8%  1.0M% LA s mm)
0.6 C 0. 06 0.017 0.670 0.576 0. 569 0. 651
0.8 C 0.08 0.022 0.613 0.526 0.522 0.871
1.0 C 0.11 0.028 0.542 0.477 0. 459 1. 091
R3 ABEHEBENRARXELSFER(TERLERS)
Tab. 3 Thermal-optical analysis results of axial temperature difference of SM
(inverse temperature is higher than obverse temperature)

. ML ¥ RENE R MTF(38.5 Ip/mm) &1 & £ &
A2 PV RMS 0 By 0.71 8%  1Lo#y (A : mm)
1.0 C 0. 10 0.020 0.625 0. 605 0.595 —0.022
2.0 C 0. 20 0. 040 0. 440 0.423 0. 409 —0.058
3.0 C 0. 30 0. 060 0.411 0.392 0.371 —0.093
4.0 C 0. 40 0. 080 0. 354 0.292 0. 288 —0.129
5.0 C 0. 50 0. 100 0.303 0.229 0.229 —0.165
R4 REBEEENAXLESNER(EHELEES)

Tab.4 Thermal-optical analysis results of axial temperature difference of SM
(obverse temperature is higher than inverse temperature)
2 WE I8 AL 0 DL RGEME 3 R MTF(38.5 Ip/mm) R & ik
PV RMS 0 0.71 8 1.oMYy (LAY : mm)
1.0 C 0.11 0.021 0. 630 0.583 0.529 0. 040
2.0 C 0.22 0.042 0. 455 0.416 0. 382 0. 066
3.0 C 0.33 0.063 0.424 0. 404 0. 390 0.092
4.0 C 0. 44 0.084 0.432 0.392 0. 366 0.118
5.0 C 0.55 0.105 0. 367 0.321 0.295 0. 144
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Tab.5 Thermal-optical analysis results of axial temperature difference between PM and SM

(PM temperature is higher than SM temperature)

2 2 SR mm) 2 R i R B MTF (38,5 1p/mm) {5 161 8 £ it
FHkR gk 32 L UK [ 0 M 0.7 M Lo#y  CRflmm)
1C —2 005.000 6 —1494.787 9 700.000 0 0.722 0. 688 0. 645 —0.531
2 C —2 005.0053 —1494.788 3 700.000 1 0. 656 0.636 0. 60 —0.741
3C —2005.010 1 —1494.7889 700. 000 2 0. 554 0. 543 0.518 —0.951
4 C —2005.024 4 —1494.789 6 700. 000 2 0.448 0. 446 0.431 —1.160
K6 FTREHEEENAXAESNER(ERILRER)
Tab. 6 Thermal-optical analysis results of axial temperature difference between PM and SM
(PM temperature is lower than SM temperature)
L J2E S (B : mm) 62 R G R L % RB MTF(38. 5 lp/mm) {210 &5 £ &=
EgiER o1 B/ AL 0 M 0.7 MY Lo#My  CRf:mm)
1C —2004.9956 —1494.8111 700.000 1 0.722 0. 687 0. 645 —0. 311
2 C —2004.9953 —1494.8345 700. 000 2 0.661 0. 641 0. 609 —0.328
3C —2004.9951 —1494.8580 700. 000 4 0.577 0.573 0. 550 —0. 345
4 C —2004.994 9 —1494.8815 700. 000 5 0.514 0.503 0.492 —0.363
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