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Abstract On the operation of high—speed flight, a large amount of heat is produced due to the friction between
the optical window glass and the atmosphere, by which the optical window glass deforms. Then, as light pass though
the deformed window, problems as bending and difference of optical path are presented, which affect the optical
system imaging of aerial remote sensor. In order to restrain the influence, the structure of the double optical window
is investigated, and the optical performance of the monolayer and double optical window is analyzed. According
to the window structure, methods determining the thickness of circular and rectangular window are provided on
the outside working environment as well as the influence of different window installation of thickness. The
deformation of optical window on the influence of pressure and temperature is analyzed, and thermal deformation
analysis of the double window is also investigated combined with the flight condition. The optical property of double
window is verified and compared with the equivalent thickness of the monolayer window. Analysis results show
that under the condition of airborne remote sensing device speed, the radial temperature difference and axial
temperature difference of double window glass are smaller than those of the monolayer window with the same
thickness. For the studied optical system, the coke quantity of double optical window glass caused by hot

deformation is smaller and the effect to the modulation transfer function (MTF) of optical system is weaker. The
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influence of the spatial frequency ranging from 0 to 65 cycle/mm is no less than 0.3 and the relative decline of MTF

is no more than 10% with spatial frequency 65 cycle/mm. The optical system of the double optical window can satisfy
the use requirement in the case of without focusing. The analysis study of double optical window can be referenced
in the domain of designing the optical window of aerial remote sensor.

Key words optical design; optical window; double optical window; high speed aerial remote sensor; thermal
optics analysis
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Fig.2 Fixed structure of the double windows
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Fig.3 Window deformation caused by the axial temperature Fig.4 Window deformation caused by the radial temperature
difference and pressure difference difference
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Table 1 Material properties of the window glass

Specific heat Linear expansion Thermal Thermal distortion
Elastic modulus /
Material \P Density /(kg/m”) capacity / coefficient / conductivity/ coefficient /
a
(J/kg+C) (107°/°C) [W/(m-K)] (m/W)
K9 80 2530 858 3.5 1.2 2.92
Fused silica 75 2200 787 0.55 1.4 0.39
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Fig.5 Finite element model of the optical window
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Fig.6 Change curves of the center temperature of the double and monolayer window surface over time
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Fig.7 Radial temperature distribution of the double and monolayer optical window at 600 s
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Fig.9 Thermal distortion of the double and monolayer optical window
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Fig.11 Optical system MTF of the monolayer optical window
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Fig.12 Optical system MTF of the monolayer optical window

after focusing

DT rrTT
New lens from CVMACR — e Tm (6.0
UAVELENGTH EIGHT
O:cvnewlens.seq 83 7D 100 (Toop s g 1
DIFFRACTION HTF 05 TIED (2000 | sesam 1
oo o 2000 | gesame 1
07-gul-14 ————— 1o rmD ( 2.84)
=0-01000)

I T T 0w
SPATIAL FREQUENCY (CYCLES/MM)

(b) MTF of the 20 mm-space double optical window

B 13 BUR G2 5 1DE2: R GEMTE

Fig.13 Optical system MTF of the double optical window
2 M XUZOEEE O MTF (E A RMS {H X

Table 2 Values of the MTF and RMS of the monolayer and double optical window

MTF value comparison before and after thermal deformation

Optical system RMS

Viewing
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Initial R0.496 0.0973 0.1194 0.1645 0.2020 0.2406
the thermal T0.455 T0.387 TO0.351 T0.346
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