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Analytical method of temperature effects on space infrared optical

system performance

Zhi Xiyang, Wang Dawei, Tan Fanjiao, Liu Mingdong, Wang Haipeng, Zhang Wei
(Harbin Institute of Technology, Research Center for Space Optical Engineering, Harbin 150001, China)

Abstract: An analysis model about the effects of the temperature on the imaging and detection
performance of the space infrared optical system was established. Firstly, on the basis of the finite
element analysis, the optical surface deformation was characterized by Zernike polynomials. Considering
the effect of temperature on materials” refractivity, the analytical method of MTF was improved, and then
the changing rule of system MTF with the variation of thermodynamics and inertial load was presented.
Secondly, the calculation model of camera background radiation was established by integrating the
spontaneous radiation of the system, based on the heat transfer mechanics. This model can be used to
calculate the irradiance generated by the spontaneous thermal radiation in image plane. Then the
performance analysis method of infrared optical system was proposed. Finally, experiments were
conducted using a real space infrared optical system. Experimental results indicate that when the system

thermal control temperature is set at 10 “C, the background radiation can be decreased by 48.6%, as MTF
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can be decreased by 30% as well. The proposed method can be used to study the background radiation of

space infrared optical system and the changing rule of the system’s imaging quality, and then optimize the

system’s working temperature, which provides theoretical guidance for thermal control design.
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Tab.1 Fitting results of polynomial coefficients

Coefticients Si Ge
a 3.492 4.037
b 1.596x10* 4.029%10™*
c 1.018x1077 -1.613x107*°
d —5.914x107" -1.914%x107°
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Tab.2 Computing results of refractivity

Temperature/ C 0 5 10 15 20
Si 3.4290 3.4298 3.4306 3.4314 3.4322
Ge 4.0370 4.0390 4.0410 4.0430 4.0540
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Tab.3 Boundary conditions of finite element analysis

Analysis type Boundary conditions Analysis output
Orbit temperature: —40 C
Heat radiation emissivity :
Temperature
Thermo Structure parts: 0.85 L.
Ivsi Opfi s 0.05 distribution of
analysis ics parts: 0.0
4 phesp optical surface
Thermal control temperature:
Range from 0-20 C
Structure Fixed support , temperature Deformation of
analysis distribution of optical surface optical surface

Datum plane 3

~&

Thermal control
arca

Datum plane 4 ¥

Fixed support

Fixed support
& 6 35 ks B
Fig.6 Schematic diagram of the boundary conditions
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Tab.4 Results of MTF analysis

MTF value in 0°field of ~ MTF value in 1.76°field of
Analytical view @52lp/mm view @52lp/mm
conditions  Meridional Sagittal Meridional Sagittal
direction direction direction direction
0cC 0.429 0.201 0.478 0.287
5T 0.438 0.259 0.476 0.349
10 C 0.446 0.323 0.471 0.410
15T 0.452 0.386 0.463 0.461
20 C 0.457 0.441 0.453 0.497
Design values 0.497 0.474 0.448 0.506
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Tab.5 Boundary conditions of thermo analysis

Analysis type Boundary conditions Analysis output
Orbit temperature : —40 C
Heat radiation emissivity : T ;
Thermo Structure parts : 0.85 .err.lp er.a ure
. . distribution of
analysis Optics parts : 0.05

optical surface
Thermal control temperature :
Range from 0 C to 20 C
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ML HH 0.98, it IR EE N 0.5 .10,
15,20 C OGS R 4G A & #m 9 e B oo = 4B
IR (3R 6 JITm) .
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Tab.6 Calculation results of background radiation

Temperature/ C Irradiance/(W/cm?)
0 0.000 98
5 0.001 212
10 0.001 489
15 0.001 82
20 0.002 213
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