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Abstract; Aiming at the protection of reflective main optical system for shipboard

photoelectric

tracking systems, an 1 m size optical window and its frame were designed, manufactured and tested.

Firstly, the performance and strength of the window material were analyzed. According to the

influence of the difference between internal and external pressures, the weight and the rotational

inertia force on the window, the minimum thickness was determined. Then, the effects of deformation

of optical window and frame on optical path difference and the environmental adaptability were studied

base on the index requirements. Moreover, the aplanatic nonplanar grinding method was used for

machining and inspecting the optical window. Finally, an fused silica optical window with 1 032 mm in

diameter, 80 mm in thickness and 1 010 mm in aperture diameter were successfully developed. The

:2016-11-17; :2017-01-07.
(No. 1040603)
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optical path difference is RMS=0. 062 82@632. 8 nm. The results proves that the optical window can
provide an effective protection for main optical system of photoelectric tracking systems.
Key words: photoelectric tracking system; optical window; Optical Path Difference(OPD) ; reflective

optical system
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Tab. 2 Effect of thickness of fused silica window on
RMS<A/8 transmission wavefront
) o 0° 45° 90°
/mm
A/10, A15 RMS P-V ~ RMS P-V  RMS P-V
RMS<A/8 ° 65 0.020 0.102 0.038 0.154 0.045 0.175
RMS<2/15 80  0.008 0.043  0.034 0.137  0.033 0.122
° 90 0.010 0.052 0.024 0.100 0.023 0.090
, Zernike , RMS
s Zernike A/15 80 mm
COd€7V D ’ o
(RMS PV ), 80 mm 0°,45°,90° 3
3.2 1
K9 (Si0,), R 80 mm
65 mm ( .
0°.45°,90%) 1 R
1
Tab.1 Effect of window materials on transmission
wavefront
0° 45° 90°
RMS P-V RMS P-V RMS P-V
65 mm K9 0.054 0.282 0.073 0.307 0.08 0.31
65 mm Si0, 0,047 0.235 0.069 0.252 0,065 0.2
1 , K9
K9, o (RMS=0.008,PV=0. 043)
3.3 (a) 0°

(a)Optical axis is 0°
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3
Tab. 3 Parameters of optical window with four frame

structural forms (mm)

(RMS=0.034,PV=0.137)
(b 45°
(b)Optical axis is 45°

1070 1036 1032 1010

D 1070 1036 1032 1010

(RMS=0.033,PV=0.122) 1o70 1036 1032 1010
() 90°
(¢)Optical axis is 90°
1 80 mm
Fig.1 Wave aberrations of 80 mm fused silica window ) 4

with optical axis at different angles

(a)A , 229.7 kg
(a)Form A and window mass of 229. 7 kg

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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(b)B s 193. 25 kg
(b)Form B and window mass of 193. 25 kg

©Cc 242. 34 kg
(c)Form C and window mass of 242. 34 kg

(dD s 237.86 kg
(d)Form D and window mass of 237. 86 kg
2
Fig. 2 Deformation diagrams of optical window with differet frame structural forms

4 , A, 3 o

4
Tab. 4 Variation of optical path difference

/keg /m RMS/m

3 A

Fig. 3 Optical window with frame in structural form A

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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5 Tab. 6 Deformation amount of optical window
/C /mm
’ 40 6.019 5X10°*
2 mm —40 2.073 410!
[8-10] s 5
—50 2.407 8X10°!
5 —60 2.742 2X10°!
Tab.5 Material properties of optical window
40 7.571 2
/(kg*m?) /GPa /C! —40 2.607 8X10!
[~ — —8
2 530 91 0.24 1%10 . 5098 5510 1
7 200 110 0.28 1.1X107°
— 1
1 000 0.006 1 0.49 6.7x10"" 60 3. 449 1X10
40 5.286 3X107°
4 6 , 22 °C —40 1820 8 X 10 2
—50 2.114 5X10°?
—60 2.408 2X10°?
6 , 40 C
0.005 286 3 mm
0. 060 195 mm, 7.57 mm,
b
b o
(8) 1)
(a) Window frame
, D04
6
(b)
(b)Glass
b
o s 500 mm
[6]
(¢c) o ’
\ (c)Rubber ring —2%10°°,
Fig. 4 Deformation of each part of optical window with °
temperature 2X10°°, 2X10°°,
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(Power<C 0. 251), 6 o
0. 1A(P-V) o
( 1.5 m) ’
Ritchey-Common ,
(R=12 000 mm) (RMS) 1/80,
2 o
/
, 2
o b
° 6
, ( ) Fig. 6 Photo of optical window installed to main
o s R system
7
b
o A Ay b
1 032 mm, 80 mm,
1 010 mm
. RMS=0. 062 8x@
5 632.8 nm,
Fig.5 Interference diagram of optical window
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