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Rigidity Analysis and Error Correction for Alt-alt Telescope Shafts

WU Xiao-xia, ZHANG Jing-xu, WANG Zhi
( Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China )

Abstract: In order to estimate longitude and latitude shafts rigidity and resolve conflict between shaft error test result and
actual work performance of the 40 cm alt-alt telescope, vibration modes and gravity deformations at the different angles
of the shaft were analyzed respectively by Finite Element Method (FEM). Frequencies and the max deformations of
longitude and latitude shafts indicated that shaft rigidity satisfied the design requirement. From 0° to 180° longitude angle,
longitude shaft shake error caused by gravity deformation was calculated. The shake error caused by structure
deformation has the same sinusoidal variation pattern with the shaft error test result. The longitude shaft precision
amendment is obtained by the compensation method that subtracting the calculated results from the test result. The shaft
precision PV value is improved from 7.2" to 2.6" and the RMS value is improved from 0.7” to 0.3”. The corrected shaft
shake error is consistent with actual work performance state, and represents actual performance of the alt-alt telescope
longitude shaft.
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Fig.1 Structure of the 40 cm alt-alt telescope Fig.2 FE model of the longitude shaft Fig.3 FE model of the latitude shaft
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Table I Results of shafts mode analysis

Mode Natural frequency of longitude shaft Longitude shaft modal Natural frequency of latitude shaft Latitude shaft modal
Shaft Free-end vibrated Latitude shaft rocked
! 96.1 Hz along longitude shaft line 693.8 Hz around latitude shaft line
Longitude shaft rocked . .
2 104.6 Hz around longitude shaft 712.7 Hz Latitude shaft vibrated
line along Y-axis
3 111.6 Hz Longitude shaft Ylbrated 906.9 Hz Latitude shaft v1.brated
along Y-axis along X-axis
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Fig.4 External frame deformation of 0° longitude Fig.5 External frame deformation of 90° longitude
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Table 2 Max deformation of longitude shaft at different angle

Degree of longitude/(°)  Max deformation of longitude shaft/um  Max deformation of latitude shaft/um

0 12.22 0.19
15 12.70 0.20
30 1391 0.21
45 15.42 0.24
60 16.79 0.26
75 17.73 0.27
90 18.06 0.28

105 17.73 0.28
120 16.79 0.27
135 15.42 0.25
150 13.91 0.22
165 12.70 0.20
180 12.22 0.19
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Table 3 Longitude shaft error caused by structure deformation £ 05 0 30 60 90 120 150 180
= -0.
<]
Degree of " Degree of . g
Jongitude/(°) Shake error/(") longitude/(") Shake error/(") < 0
0 -1.42 105 -2.05 =
[
15 -1.47 120 -1.95 T -15 T o2
30 -1.61 135 -1.79 = \*\\‘\\6\ /0//x//“/
Q
R R s
45 1.79 150 1.61 2.0 e
60 -1.95 165 -1.47
75 -2.05 180 -1.42 2.5
90 22.09 Degree of longitude/(°)
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Fig.6 Relation between axis error and longitude
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Table 4 Test data of longitude shaft error o 20 /
Degree of Clockwise Counter clockwise Shake § \\
longitude/(°) reading/(") reading/(") error /(") g 0.0 \ \ \ . . )
0 13.4 13.4 133 13.7 3.300 -:: ' 0 30 60 90 1 150 180
30 11.0 11.4 11.6 11.5 1.516 3
2 -2.0
60 8.5 8.3 8.3 8.1 -2.200 'go
90 8.1 8.3 8.1 8.0 -3.790 S 40
120 13.0 13.0 12.6 12.4 -0.960 '
150 17.6 17.8 17.6 17.2 2.163 6.0
180 20.1 20.2 19.9 19.8 3.438 Degree of longitude/(°)

PV=7.2",RMS=2.6"
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Fig.7 Curve of test data for longitude shaft
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Table 5 Longitude shaft error after amendment < 20
Degree of longitude/(°) Shake error /(") %
0 1.4 E 0.0 1 1 1 1 1 )
30 1.6 o 0 30 \60 90 1 150 180
=
60 1.9 £
eh -2.0
90 2.1 5
2
120 1.9
-4.0
150 16 Degree of longitude/(°)
180 1.4
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Fig.8 Longitude shaft errors before and after correction
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