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Temperature adaptability design and experiment of optical windows
for image quality detection
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Abstract: In order to realize the image quality detection and evaluation of photoelectric imaging system under
the condition of temperature change, an optical window with temperature adaptation function was designed.
Firstly, the influence of temperature on the surface shape of optical glass was analyzed. Secondly, the
temperature adaptability opto-mechanical structure of optical window was designed. Finally, the effect of
temperature change on the surface shape of optical window was analyzed by means of finite element analysis
and experiment, and the validity of temperature adaptability design was verified. The experimental results
show that the peak-valley (PV) and root-mean-square (RMS) values of the wave aberration of optical window
are 82.90 nm and 6.96 nm respectively at room temperature of 20 °C, the PV and RMS values of the wave
aberration are 136.68 nm and 14.55 nm respectively at high temperature of 50 °C, and the PV and RMS values
of the wave aberration are 183.51 nm and 28.48 nm respectively at low temperature of —40 °C. Under high and
low temperature conditions and compared with the room temperature condition, the numerical variation trend
of wave aberration is in good agreement with the finite element analysis results. Under three temperature

conditions, the PV values of the wave aberration of optical window are less than or close to (1/4)4, and the
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change of the surface shape of optical window caused by the temperature change is very small. The designed

optical window has better temperature adaptability.
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Fig. 1 Deformation caused by axial temperature field
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Fig. 2 Effect of radial temperature gradient distribution on

parallel plate
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Table 1 Main parameters of window glass materials

o) PP AL RV REL IR
E/Pa u a/(1/°C) ¢/W/(m-C)
K9  82x10" 021 7.1x10°° 1.1
ZnS  7.45x10°  0.29 7.6x10° 16.7
ZnSe  7.03x10" 0.8 7.1x10° 18
AT 7.3x10° 017 5.5x107 1.4
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Fig.3 Schematic diagram of flexible installation of lens

ARG B I 4 Bos, £
SRR DB | JEAE 2 VRN R SR AR .
W, 3 AR APENLR I 15 A 18 E A B Al A 22 B B
PCIAR 1) g TR -5 3 A ZEVENLA AR, ol i) 38 i Lk
A SRR AR A E o O T PR UE R AR Y AU
P, 78 SRR 111 BB 2 8] | 3k 22 e AR A e AR T A
A B 2 18] A T 152 8 B A A, e P i At vl i R AR
B W DR AE A A 0 R o S DG 2 BB 0 AL
S F B R 118 BRI K 2R AN DE B T 7 A 8 1 T
W/ N B AR TE B B 1 B E R o 2 1 A
S, Rtk 22 L SRR 03 A 0 A4 R e
A1 YL P I F RO AT A 2 T BN R R

£
Ffiliik >

1B VR

4 RFEOFEBREE

Fig. 4 Schematic diagram of optical window structure
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Fig. 6 Test experiment diagram
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Table 2 Experimental results of optical window under

different temperature conditions
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50 136.68 14.55
—40 183.51 28.48
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