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Fig.1 CFGT optical system (unit: m)
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Table 1 Design restrictions of CFGT tube

Parameters Values
M1 aperture/m 30
M2 aperture/m 2.74
Length of the tube/m 33

Projection of altitude structure/(mxm) 30x18.5
M1 center aperture/m 2.8

Mass of M1 and M1 support structure/t 144

Mass of M2 and M2 support structure/t 6.9

B2 R B B R A

Fig.2 Simplified model of the cantilever beam of giant telescope tube
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Table 2 Design requirements of CFGT tube

Constraint  Relative displacement/mm  Relative deflection/’ Natural frequency/Hz

Value <10 <3 >4
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Fig.3 CFGT cage tube 1
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Fig.4 CFGT cage tube 2
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Fig.5 CFGT quadripod tube 1
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Fig.6 CFGT quadripod tube 2
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Table 3 Material properties of CFGT tube

Material ~ Density/(kg/m®)  Young’s modulus/Pa  Poisson’s ratio

S45C 7890 2.09x 10" 0.269
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Table 4 Evaluated results of each scheme of CFGT tube

Tube scheme Cage Quadripod
Evaluation index Tube 1 Tube2 Tubel Tube 2
Natural frequency/Hz 4.95 4.49 4.04 4.17
Light shielding rate/% 10.60 5.82 7.38 5.82
Mass/t 630.19  869.41 578.67  354.07
Radial relative displacement/mm 7.55 7.56 7.67 7.61
Vertical angle 0° Relative deflection/’ 1.90 1.61 1.76 1.71
Maximum stress/MPa 20.64 20.53 14.57 21.91
Axial relative displacement/mm 1.26 1.81 1.52 1.94
Vertical angle 90° Relative deflection/’ 0.00 0.00 0.00 0.00
Maximum stress/MPa 7.68 8.12 13.60 8.72
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Table 5 Optimized results of the variables CFGT tube

Design variables Optimization results/m
External diameter of upright pole 0.51
‘Wall thickness of upright pole 0.04
External diameter of V-frame beam 0.75
Wall thickness of V-frame beam 0.03
External diameter of M2 ring 0.97
Wall thickness of M2 ring 0.02
External diameter of vane spider 0.64
Wall thickness of vane spider 0.02
External diameter of ladder-frame truss 0.48
Wall thickness of ladder-frame truss 0.04

B 7m0 CEGTH M4 (40 mm)

Fig.7 Total deformation of CFGT tube when elevation angle is 0° (unit: mm)

B8  mESiN90° I CFGTH MBI (A0 mm)

Fig.8 Total deformation of CFGT tube when elevation angle is 90° (unit: mm)
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K9 CFGTH MMM E (B mm)

Fig.9 First mode vibration shape of CFGT tube (unit: mm)
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Table 6 Optimized results of CFGT tube

Optimization evaluation parameters Before optimization After optimization

Natural frequency/Hz 4.17 4.21

Light shielding rate/% 5.82 5.44
Mass/t 354.07 356.39

Radial relative displacement/mm 7.61 4.58

Vertical angle 0° Relative deflection/’ 1.71 1.29
Maximum stress/MPa 21.91 10.58

Axial relative displacement/mm 1.94 1.61

Vertical angle 90° Relative deflection/’ 0.00 0.00
Maximum stress/MPa 8.72 8.32
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Design and Optimization of Truss Tube Based on
Giant Telescope

XU Jie-gianV?3  WANG Guo-min'?3  CUI Xiang-qun'?3
(1 Nanjing Institute of Astronomical Optics € Technology, National Astronomical Observatories,
Chinese Academy of Sciences, Nanjing 210042)
(2 Key Laboratory of Astronomical Optics €& Technology, Nanjing Institute of Astronomical Optics &
Technology, Chinese Academy of Sciences, Nanjing 210042)
(8 University of Chinese Academy of Sciences, Beijing 100049)

AsstracT Because of large caliber and small focus ratio, the giant telescope has
higher positional precision and dynamics requirements in the design of the telescope
tube, compared with large, medium, and small telescopes. In order to design the
telescope tube which meets the above requirements and ensure the image quality of
the telescope, the cage tube and the quadripod structure are designed according to the
particularity of the giant telescope. By comparing and evaluating, the optimal scheme is
determined and optimized. After analysis and optimization, the maximum relative axial
displacement of the primary and secondary mirrors is 1.61 mm, the maximum relative
radial displacement is 4.58 mm, the maximum relative deflection angle is 1.29’, and the
natural frequency is 4.21 Hz, which meets the design requirements. Steel quadripod
tube of giant telescope which meets the requirements, for the first time, is designed in
this paper, which provides a technical reserve for the work of the giant telescope or
telescope with small focus ratio.

Key words telescopes, instrumentation: adaptive optics, methods: analytical, meth-
ods: data analysis
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