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An Alignment Method of the Telescope's Primary and Second Mirrors
Based on Astigmatic Decomposition
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Abstract The alignment errors of primary and secondary mirrors can make the image blur. In order to improve the
alignment precision of the telescope’s primary and secondary mirrors, an algorithm used to calculate the alignment
errors based on astigmatic decomposition is presented. The algorithm makes use of the astigmatism itern of wavefront
errors described by Zernike Polynomials to calculate the astigmatism produced by the different alignment errors
independently. The character of the astigmatic decomposition algorithm is investigated based on a reflective coaxial
(RC) telescope whose diameter is 1200 mm. It is obviously that the calculation errors increase along with the
distance between the primary and secondary mirrors’ optical axes, while the two optical axes are in the different
planes. An alignment algorithm is designed based on the astigmatic decomposition algorithm. The simulation
alignment is done. The simulation shows that the alignment algorithm can align the optical system rapidly with a
residual less than 5 pm and 0.5”, when the distance between two axes is less than 0.5 mm and the tilt of two axes is
less than 0. 1°. Simulation analysis demonstrates the feasibility of the alignment algorithm based on astigmatic
decomposition.
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Table 1 Zernike polynomial of the astigmatism

and the coma

Name Polynomial
Astigmatism at 0° — a7
Astigmatism at 45° 2y

Coma at 0° —2y+3y' +32%y
Coma at 90° —2x+3x+3xy
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Fig. 3 Synthesis of the astigmatism and corresponding
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Table 2 Parameters of the

reflective coaxial (RC) telescope

Name Glass Radius /mm Thickness /mm Semi-diameter /mm Conic
PM Mirror — 3600 — 1380 600 —1.027992
SM Mirror —1036. 33014 2216.973 142 —2.378094
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Table 3 Calculation results when the decent errors or the tilt errors work independently

. Independent /107° Together /107° Results /107*
Alignment errors ‘
Asro Astis Asro Astis MAsT MAsT
d, 0.3 mm 1. 8066 0 1. 8066 -
—1.4106 4, 8175
t, 0.4 mm —3.2116 0 — 3.2116
d, 0.02° 1.9708 0 1.9708 —
‘ . 0 —3.9416
L, —0.02 —1.9708 0 — 1. 9708

F4 AN i R 22 R I AT TR IR OO R G

Table 4 Characters of the astigmatic decomposition algorithm under the condition that all alignment errors exist

) Independent /107° Together /107° Results /107°
Alignment errors :
Asro Asras Asro Asras MAsT MAsT
d, 0.3 mm
x group R 3.1368 0 3.2157 —
t, 0.02
1 ) —2.5055 8.5784
4 O-tmm o s 0 5.7211
rou —5. — 5.
Y group t, —0.02°
d, 0.3 mm
x group . 3.1368 0 8.9982 —
t, 0.02
2 6.2974 9. 8595
& O-dmm 606 0 2.7008
roup . — .
v erodt z, 0.02°
d, 0.1 mm
X group 0 0.2007 0 0.1314 —
t,
3 ) 2.1715 —1.1004
4 0 mm 1. 9708 0 2. 3030
rou L - .
Y group t, 0.02°
d, 0.01 mm
x group 0 0.0020 0 0.0015 -
L,
4 ’ 1.9728  —0.1100
4 0 mm 1.9708 0 1.9744
rou . — .
v aroup Z, 0.02°
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Table 5 Distances of the axes between the primary and secondary mirrors and the calculation errors

Alignment errors Calculate errors Distance of the axes /mm
d,/mm d,/mm ./ (" £,/ (") misr/ Y0 mist/ %o
1 0.3 0.4 —0.02 0.02 2.51 1.4 0.0707
2 0.3 0.4 0.02 0.02 187 13.9 0. 495
3 0.1 0 0.02 0 34.5 16.9 0.1
4 0.01 0 0.02 0 23.7 1.8 0.01
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Table 6 Coefficients of the alignment errors

Coefficients Value Coefficients Value
K& 0.0201 K* —5.1994
K® —0.0201 K® —5.1994
KY 4.9273 K —35. 8964
Ky —4.9273 KY 35. 8964
a 0.2751 a 0.2751
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Table 7 Simulation alignment results based onastigmatic decomposition

d. d, t, t, Distance of the axes /um

Initial 0.5 mm 0.5 mm 0.1° —0.1°

1 ) , 707.1
Results 2.527 pm 3.150 pm 0.211 0.166
Initial —0.5 mm —0.5 mm 0.1 0.1°

2 ) , 707.1
Results —1.178 pym —1.984 pm 0.122 0.165
Initial 0.5 mm 0.5 mm —0.1° —0.1°

3 , , 707.1
Results 1.178 ym 1.984 pm —0.122 —0.165

A Initial —0.5 mm 0.5 mm 0.1 0.1° 0
Results —1.610 pm 1.610 pm 0.114" 0.114"
Initial 0.5 mm 0.5 mm —0.1° 0.1 0

5
Results 4.323 pm 4.323 pm —0. 258" 0.258"
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