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Abstract: In the space, temperature is the key factor influencing the optical system imaging quality.
To investigate the effect of temperature on the off-axis three mirror system,a thermal optical analysis
method from finite element analysis to optical analysis was presented. On the basis of analysis results
of the optical system in uniformly distributed temperature fileds, the surface aberration of mirrors with
temperature gradients was obtained by using a finite element analysis software, and the surfaces with
aberration were fitted with the Zernike Polynomials. Then,the Zernike coefficients were carried into
the software CODE V, the imaging qualities of the system with difference temperature gradients were
analyzed, and thermal control requirements were determined. Finally,a thermal optical experiment
was carried out to test the optical system with active thermal controls. Experimental results show that
the MTF of full field in the optical system is more than 0. 2 in 56 Ip/mm,which means the optical pa-

rameters meet the the requirements of optical system. Results also verify the correctness of the theory
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and the reasonabity of thermal control requirements.
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Fig. 1 Configuration of system
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Tab.1 MTF at 56 lp/mm and distortion of every fields

MTF

Wy R T Wi AZ /%
0 0.618 0.614 0

0.7 0.616 0.613 —0.003 50
1.0 0.613 0.612 —0.003 10
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Fig. 2 MTF curve of optical system
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Tab.2 MTF and defocus of different temperatures
HE MTF(56 Ip/mm) i
/C oMy 0.7l 1Y % /mm
40 0.618 0.616 0.613 —0. 059
35 0.618 0.616 0.613 —0.044
30 0.618 0.616 0.613 —0.029
25 0.618 0.616 0.613 —0.015
20 0.618 0.616 0.613 0. 000
15 0.618 0.616 0.613 0.014
10 0.618 0.616 0.613 0.029
5 0.618 0.616 0.613 0. 044

0 0.618 0.616 0.613 0. 058
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Fig. 3 Finite element model of optical system
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Fig.4 Finite element model of primary mirror
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Fig.5 Finite element model of second mirror
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Fig. 6 Finite element model of third mirror
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Tab. 3 Relationship between Zernike

coefficients and Sediel coefficients

No. Polynomial Meaning
1 1 Power
2 ocosf X tilt
3 psind Y tilt
4 20°—1 Focus
5 o’ cos 20 Astigmatism 0°or 90°
6 o sin 20 Astigmatism - 45°
7 (3p" —2p) cosf X Coma
8 (30" —2p) sing Y Coma
9 60' — 60" +1 Spherieal and focus
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Tab.4 Zernike coefficients of 5 'C

axial temperature difference

¥ 5 A
I8 W =%
1 —0.94X107  0.11X10*  —0.95X10 "’
2 0.86X107° —0.50X107%  —0.26X10*
3 —0.27X10° —0.34X10°  —0.37X10*
4 0.89X107" —0.39X10"" 0.37X10"
5 —0.41X107"  0.72X10°° 0.13x107"
6 0.34X107° —0.49X10°7  —0.43X10"°
7 —0.19X107° —0.94X107° 0.64>X107°
8  —0.331X107°—0.58X10"" 0.29X107°
9  —0.17X107* —0.94X10°°  —0.72X10°°
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Tab.5 Influence of circle temperature

difference on optical systems

®8 RHBEASHRAEENAEFZRZHZM

Tab. 8

difference in mirror on optical systems

Influence of axial temperature

W/ C MIE
T W o
0.5 0.568 0. 607 0. 608
0.8 0.517 0.536 0.561
1.0 0.462 0.524 0. 541
1.2 0.426 0. 486 0.522
1.5 0.411 0.443 0.458

®9 REBEEHEBRENXEFREHZN

Tab. 9

Influence of axial temperature

difference between mirrors on optical system

O MTF
" EX W =4 W2/ C MTF
1 0. 507 0. 520 0.593 1 0.601
2 0. 382 0.501 0.558 2 0.563
3 0.233 0. 466 0.501 3 0. 543
4 0. 160 0. 447 0. 465 4 0. 446
5 0. 422
5 0. 102 0. 402 0. 430

x6 FERBENAFRZMIZW(POE TR

Tab. 6

Influence of radius temperature

difference on optical systems (center higher)

2/ C ki
' g K i =8
0.5 0.572 0. 604 0. 610
0.8 0.521 0. 569 0.599
1.0 0. 481 0. 552 0.572
1.2 0.472 0.521 0.563
1.5 0.413 0. 507 0.545

RT FRABENAZRZNZMAEZSTHO)

Tab. 7

Influence of radius temperature

difference on optical systems(center lower)

R/ MTF
B W —5
0.5 0.565 0.598 0. 607
0.8 0.542 0. 562 0. 597
Lo 0. 488 0.543 0.570
1.2 0.472 0. 520 0.563
1.5 0. 410 0.498 0. 542

A Ay 56 lp/mm POt RGN
MTF fHRTF 0. 2 BOb2: 20Kl E L R4
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L5 C. s A B2 1 C . 5 g BEla) 4 1i
223 C o DA SE m oA B o e se R G0 &
Sy AT OGRS, BT e 45 R B ik 2 56
Ip/mm TOLERGE2UY MTF (R T 0.2 #OL
FERCEOR R 10 fs . DL EBRIEW T A
FI8 HE f P R 4% A A 1) B

R0 ARFEIBER

Tab. 7 Results of thermal optical experiment

1L HE 48 F7 RETY MTF MTF gecign
ik 14 14.3 0.243 0.473
ik 15 15.2 0.243 0.473
IR 16 16.0 0.251 0.488
ik 17 17.1 0.251 0. 488
IR 18 17. 8 0.243 0.473
B 18 18.1 0.236 0. 459
i 19 19.1 0.236 0. 459
i 21 21.0 0.220 0.428
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