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Abstract: In order to accurately analyze the mirror deformation of the one-meter theodolite protective window
under exterior loads the model of one-meter theodolite protective window is built on the base of frictional con—
tact finite element theory the differences between linear rigid joint and nonlinear frictional contact simulation
methods are compared. Homogeneous coordinate transformation method is used to remove the rigid body dis—
placement and the mirror distortion data of the protection window of the meter—ealiber theodolite is obtained.
The Zernike polynomial is used as an interface tool for the integrated optomechanical analysis and Zernike
polynomial coefficients are introduced into ZEMAX. The effect of mirror distortion on image quality is meas—
ured by the RMS value of wavefront aberration and is compared with the results of the interferometer test. The

RMS value of the mirror wavefront aberration is 38. 095 nm and the PV is 205. 027 nm. The RMS value of the
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wavefront aberration is 40. 626 nm and the PV is 235. 654 nm. The experimental results show that the devia—

tion of the RMS value of the specular wavefront aberration between the simulation experiment and the interfer—

ometer detection experiment considering the frictional contact condition is 6. 23%  thus more accurately reflect

the mirror deformation of the meterdevel aperture protection window.

Key words: theodolite; finite element theory; homogeneous coordinate transformation; Zernike polynomial

56

o

Zernike

23

o

600 mm

ZEMAX

RMS
RMS .
7
2 —
S {JWV( ) dv - Jf'gpde—
v=l by BY
1+ @"dA} + [I'=MIN (1)
i
W (C) B ¢’
HP
g
th_Mlel ”gT” (2)
T
M Pn &7

. (1)

'U

1
I, ?J (g9 )7+ trgr) dA ey >0

(3)

o 0.01 ~10



656

11

0.1,
3
3.1
o 1 035 mm
85 mm.
16 o
1 o
Frame
Rubber
Tabulate glass
Press ring
/ Bolt
1
Fig.1 Protective window structure
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Fig.2 Finite element model of protective window
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Tab.1 Material property parameters
Density / Young’s Poisson’s
Material
(kg*m™) Modulus/Gpa Ratio
45 7 890 209 0.27
HT250 7 280 138 0.156
Fused silica 2 205 73 0.17
Rubber 1150 0.006 1 0.49
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Fig.3  Contour and stress diagram of rigid joint surface
5.2
ESDI-VB

24 C



4 . 659
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(a) Contour diagram of frictional contact surface (b) Stress diagram of frictional contact
4

Fig.4 Contour and stress diagrams of frictional contact surface

RMS o
40. 626 nm PV 235.654 nm,

6

Fig.6 Wave front map of rigid joint mirror

Fig.5 Interferometer test results of contour diagram of

protective window surface

5.3 ZEMAX

36  Zernike ZEMAX
RMS.PV & 6
RMS 71.312 nm. PV

387.768 nm RMS
75.53% PV ’
64. 559 . 7 Fig.7 Wavefront map of frictional contact mirror
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