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Abstract: As the aperture of large ground-based optical telescopes increases, wind disturbance has be-
come one of the most significant dynamic factors degrading the performance of telescopes. To investigate

the influence and interaction principles of wind disturbance on the performance of telescopes, a time-history
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simulation of the wind disturbance response and performance prediction for telescopes were performed in
the time domain. First, the structural parts of the telescope were simply introduced, and a dynamic model
of the telescope was established using the finite element method. Using modal transformation, the dynam-
ic model, expressed in nodal coordinates, was transformed into modal coordinates, thus greatly decreasing
the model dimension and greatly improving the computational efficiency. Second, a time-history simula-
tion method for wind speed was presented based on two-dimensional stochastic fields. The wind speed
field in the doom was expressed as a two-dimensional stochastic field that varied according to the temporal
and spatial frequencies. The numerical instability occurring in the Cholesky decomposition of the cross-
power spectrum matrix in the spectral method was avoided by introducing the wave-number spectrum.
The simulation efficiency was further improved by applying the fast Fourier transform (FFT) technique.
Finally, using a ground-based telescope with a 2 m aperture as a case study, a time-history simulation of
the wind speed, wind disturbance response, and system performance prediction for the telescope was per-
formed. The simulation results showed that wind disturbances with a mean speed of 10 and 15 m/s would
result in a maximum surface root mean square error of the primary mirror of approximately 45 and 70 nm,
respectively. In addition, the wind disturbance acting on the secondary mirror and truss would mainly
cause optical axis angle and position errors.

Key words: ground-based telescope; stochastic fields; wind disturbance; time-history simulation; dy-
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Fig.1 Simplified structure of 2 m telescope
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Fig.2 Finite element model of 2 m telescope structure
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Fig.3 Simplified model of wind disturbance
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Tab.1 Parameters of wind load

Parameters Meaning Value
Uy, External wind speed ~ 10m/sand 15m/s
o Air density 1.293 kg/m’
A, Area for SM and baffle 227 500 mm”®
A s Area for truss 1 025 088 mm”
A iger Area for spider 809 600 mm”
Aing Area for top ring 392 370 mm”*
Choan Drag coefficient for SM 1.2
Ch o Drag coefficient for truss 1.2
Cp giae  Dragcoefficient for spiders 1.2
Chopm Drag coefficient for PM 1.05
L, Spatial length in x direction 2 500 mm
L, Spatial length in y direction 2 500 mm
H Height 6 400 mm

®2 NEZEHSH

Tab. 2 Discretized parameters of wind speed fields

Parameters Meaning Value
z Height above ground 10 m
Z Ground roughness coefficient 0.01
A, Decay coefficient inx direction 7
A, Decay coefficient in y dir 7
N, Wave—number in x dir 128
N, Wave—number in y dir 128

N, Frequencies 1024
M, Sample numbers in x dir 256
M, Sample numbers in y dir 256
M, Samplenumbersintimedomain 2048
T Simulation time length 100s
Ak, Wave-number space in x dir 0. 002 5 mm™"

AK, Wave-number space in y dir  0.002 5 mm™'
Aw Frequency space 0.0628s™"
Ax Spatial step in x dir 9. 766 mm
Ay Spatial step in y dir 9. 766 mm
At Time step 0.048 8 s
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Fig.5 Sampling points of the primary mirror
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