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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-caliber 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 meter-level aperture protection window.

Key words: theodolite ;finite element theory ;homogeneous coordinate transformation ; Zernike polynomial
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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 1 150 0.006 1 0.49
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Tab.2 The first five polynomials of Zernike

and their meanings

NO Polynomial Meaning
1 1 piston
2 2x x tilt
3 2y y tilt
4 V324 +2y° 1) defocus
5 2 Joxy astigmatism

4.1 RPEOEXBRNGLHEEE

S R H AL B AR O (SR W
Ap 4 FIE e Hor, fir 3 RhARIE R th SO 1Y
ASTE 3t LA, B WAL RS 5 2 i 28 2 oot
TP R 3 B, PSR PR B o AR SOy
OIMRS N PAR IR , 3RO T IR 55 Ak , B
e, ST AT B £ BURE W ZE AT . AR
TCHRAE I BT B AR 45 Y i AR (57 B8 K BE A M
TS SUA 1T W A2, AT TR 1005 L 20T 5
R R AR RS K A WAL RS

AR SR FAFF IR AL bR AR i BRI 5
B TN RLRS 19275 A bk 2 5 AR
JUPF BT DR B 2 B SO E A 2 d,
d, \d F 7R IR o 3y 2 Bl 722, 20 51
0.0, .0, FnWIRSE « Bl .y il 2 Bl eSS f
8 3 5 YR A B A fh AT A (S A% T 45 A L5 A5
AV U e . —JRAE OL T, S U AL b A
(N ANTR]  JT P B8 5 U B Rt AN ] T e
JiEHe £ B — P o VA i, i L AT LA cos6, =1
cosf, =1 cosf, =1  sinf, =0, \sinf, =0, sinf, =6,

UEALAL B, 5 B /0N it SOAT LA 28006 30 5 T AL A B

Ja , WAL RS il I 25 R 19 6 T 9 5 U i
L FF AR AR o 5K, e A A A8 4 3 1k 5]
MmN

x 1 -0, 6, d7x] [Ax
y' _| e 1 -6, d | . Ay;
z' -6, 0. 1 d |3 Az
1 0 0 o 11 0
(5)

A Lo ye,z DN § T AR A8 AR, [0,y
2 AR A R R AR [ Ax, Ay, Az A
i AN RSB TR AT L

(5 TSN

S = O

(6)
MRIE(6)  FHLEA m AT G BRI A 1
CAEE]

Y-AX =3 (7)
K,
r 0 z, -y, 1 0 07
-z 0 X 0o 1 O
¥ - x, 0 0 0 1
A = :
0 z -y, 1 0 O
-z 0 x 0o 1 O
Ly -z 0 0 0 1-
0. x| =%, ] rAx, T
0, 9’:1 - Ay,
0. z -z Az,
X = , Y = 2 = 5
d”(
' x' -« Ax,,
d}’ ’
Ym = ¥m Ay,
L4
_Z’YTI —zm_ _AZYTI_

XF(7) R B/ LSRRI AR B 24



os8 o2 -
X, Rp RAK(9) 1527 JE R4
X = (ATA)_IATY , (8) qua, +qpa, +q,a, =W,
PRI FE S B0 AKX (7)), RERT RS4R3 4 + ¢pna, + qya, = W, (10)

T H LI AL 3 7R ER AU A o & BB
KAGOR B w0 WK LR S 58w Bl e B
-0.413 prad, ¢ y #lifli4% - 0. 052 8 prad, %8 z 4l
f%F50. 063 6 wrad, ¥ x l°FF% —0.020 3 wm, ¥y y
MRS —0.793 pm, U z 12 — 0. 004 03 pum,
4.2 Zernike ZTXEEIUNEE L

TEJCHLER LI AT I, 5 2 45 48 43 B A5 31 1Y)
BRI S AR TR B 100 GO oo A T, 5 1D
LU AT TT A B R B B AT o A n
Tl Zernike Z I 7R «

W(x,y) = a,Z,(x,y) +a,Z,(x,y) + - +
07, (x.y) = ZA . 9)

Ad A =[a, a,-r a, 1"} Zemike Z T R %k,
Z=[Z (x,y) Zy(x,y) = Z,(x,y)] K n I
Zemike LI ILIE FEL TA m A5 4, W, (v,
y) FRAE IS TS § A 2 7 R
{H, %
q; = Z;(x,5:)
(i =1,2m,j =12n,m>n)

e
““\ o
Sirinte

(2) Rk B

(a) Contour diagram of rigid joint surface

G + 4@y + g0, =W,
S G B4 QR R34 sk n
I Zernike Z W R 5, A< 3C{di i 36 I Zernike
ZWAGA TR DTG

5 ZRHH

5.1 RFEOFRITHTET AL

FEGR BT H DR A BROCHT B, 1844 Bk
ZERBADUR E R NI K AFERIFZE A R A ELE N
PhE R A AL, (H X b ] AR T 22 5 AR 22
ARSOR A BESE R S (A FROCRE T . R IR FIAE
PR HEPRFI R 3P 22 [A135E 17 PR 452 PO 4 i, B 454
X R] A8 1) 2857 W BE R B 0.6, 454 BR UG
BT [ ey BE W BE R PR 27 1 SORAS o IeAh,
AR EE T WIS R 1) 015 B A7 T3 3, ST ANSYS
£ 24 CIREGRIL T AT PIFR I3 3% (14 T Ry g
A= 1B 3 WPk R O S T 1R 4

(b) Wik 43 77 1
(b) Stress diagram of rigid joint

K3 W e e K g

Fig.3 Contour and stress diagram of rigid joint surface
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(a) Contour diagram of frictional contact surface
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(b) Stress diagram of frictional contact
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Fig.4 Contour and stress diagrams of frictional contact surface
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Fig.6  Wave front map of rigid joint mirror
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