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Dynamic analysis of two meters telescope mount control system
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Abstract: In order to enhance the ability of disturbance rejection for the telescope, and improve the
tracking accuracy of the telescope mount control system, this paper analysis the dynamic of mount
control system for the two meters telescope. Firstly, the frequency response of telescope mount
control system is test using swept sine. Secondly, the Observer/Klaman filter algorithm is employed
to identify the model for the mount control system. Finally, the position controller and speed
controller are designed based on the mount control model. The experimental results of target
observation show that max tracking errors of the azimuth and elevation axis are less than 4. 5", and
the tracking error RMS are 0. 378 6' and 0. 151 6", when the target moving with the max speed 3.5 (°)/s
and the max acceleration 1 (°)/s*. The experiments verify the good dynamic of telescope mount
control system.

Key words: telescope; frequency response; model identification; servo system

:2017-06-08;; :2017-08-16.
(No. 11603024)



3 ’ :2 m 655
1 . .
1 )
|:1]0 2 ’
5 S , . ;
100 Hz ,
s [3]
[4]
/ [5-6 1
° Fig. 1 Block diagram of servo loop setup for
[7] identification experiment
s 0.1~100 Hz,
. /
R u(t) = AW sin[ 2rw() ] , (D
e fi/fo =1
° = 1 D B A
| o = £+ an o= T
. . Lfo. fr]s
T, . A(D) )
. « N °
/ ’ 25 S
) 2 m °
2.2
2 : P,,,, (CL)) ’
P, (w) P, (w) ,
= P, (w) | P, (w) |*
2.1 Glw) = 522, plw) = 5@ L (2)
@ = b Y T PP, (@



656 26
: o(w) 0~1 s 1
o 2 m
2 4 ,
3 5 s
16.13 Hz, . .
34.08 Hz,41.8 Hz,57. 18 Hz; 4
8.75 Hz, Fig. 4  Signal input and response output of speed
9.2 Hz 41.13 Hz, open-loop for the elevation axis
[9] .
5
Fig. 5 Frequency response of speed open-loop for
the elevation axis
2
Fig. 2 Signal input and response output of speed 3
open-loop for the azimuth axis
(3 o
x(k+1) = Ax (k) + Bu (k) (3)
y(k) = Cx (k) + Du(k)
(D s
[10-11] / (Observer/
3 Kalman identification, OKID) ,
Fig. 3  Frequency response of speed open-loop for OKID

the azimuth axis



3 s ;2 m 657
(3) )
Ji(k—kl) = (A+GO)x(k) + (B4 GD)u(k) — Gy (k) W
|5 = cr o) + Ducry
2 m
_ , 60 ,
Y=[p cB B car'pls &
.A=A+GC.B=[B+GD. —G]. 6 7 (
. )
(3) :
Y=[D CB CAB CA*B -] . (6) ) ’
Hankel °
Y. Y. Y.
Y,.. Y.. Y.
HE = | o SN AN ES
Yie Yien Yiieren
: Y, k NN
n , n
H(0) =R,5.S, . r
m , k
I/\, D Ok kX k ’ E,:[I, O,.
o 1.E,=[1, O, 0,].
: 7
4 — E;lngIH(l)S” E;lxz B — 2 IJ’V'ZSEEF Fig. 7 Identified model for elevation axis
{C =ER,Y D=V, ® 4
L] ° N ’
Anti-Windup PI
(8]
iy s if (i, < I,)
iy = , 9)
Ilmsgn(iq) , if Gy > 1)
: I, ., sgn(e)
6 PI 1,
Identified model for azimuth axis g = kyAw+q s (10)

Fig. 6



1 q PI Aw=w —w, s
; PI .
, , P1
’ q
k' . SZ + Zgzw}]]?«g_’_a)]z\jp
=k — — kAL 11 We (s) = = S 12
4 B s (Ao By ‘b s () s+ 28 wnes T wir (12
s DNy = 110 sk, sk PI . WNF s ;
» k, PI NS
3 5 ) Anti-Windup
b 8 b
, [14-15] PI ’
8

Fig. 8 Speed closed-loop of telescope control system

9 10
Fig. 9  Signal input and response output of speed Fig. 10  Frequency response of speed closed-loop for
closed-loop for the azimuth axis the azimuth axis
, , (1)
’ ’ 0. 1 (O)/S °

0.01 0.1, 1 , 9. 11



7.2 Hz.5.3
Hz; 3 5, 3

11
Fig. 11  Signal input and response output of speed

closed-loop for elevation axis

14
Fig. 14  Disturbance frequency response of speed

closed-loop for the azimuth axis

12
Fig. 12 Frequency response of speed closed-loop for

elevation axis

15
Fig. 15 Disturbance signal input and response
output of speed closed-loop for the
elevation axis
s s
1 Hz el
s s
D,
13 15 ,
13 14 16 o :
Fig. 13  Disturbance signal input and response output of 1 Hz —20 dB,
speed closed-loop for the azimuth axis 1 Hz —30 dB

s 10 12



660 26
b
, [14]
b o
2 m ’
18
16 ’ 3. 5 (O)/S’
Fig. 16  Disturbance frequency response of speed 1(°) /s’
closed-loop for the elevation axis 19
b
4, 5", RMS 0.378 6"
0. 151 6",
2 m 17
b b
b
32,
b
, 2 m
’ b
’ 18
Fig. 18 Speed variation with azimuth and elevation
angle change
17 2 m
Fig. 17  Block diagram of two meters telescope 19
Fig. 19  Azimuth and elevation tracking errors

mount control system



’ 2 m 661
6 ;
2 m : 3.5 (")/s,
, 1 (0)/52 ’
; , 4. 5", RMS
/ ; 0.378 6" 0.151 6", o
[J1. . 2017, 25
(1): 163-171.
(1] , , ) DENG Y T, L1 H W, WANG ] L, et al.. Main
7. , 2015, 8(6): 895-908. axes AC servo control system for 2m telescope[ J].

(2]

(3]

(4]

[5]

(6]

[7]

(8]

[9]

DENG Y T, LI H W, WANG J L. Overview of AC
servo control system for the large telescope[]].
Chinese Optics, 2015, 8(6): 895-908.

RANKA T M, GARCIA-SANZ M, SYMMES A,
et al.. Dynamic analysis of the Green Bank Tele-
scope structure and servo system[]]. Journal of
Astronomical Telescopes, Instruments, and Sys-
tems., 2016, 2(1). 014001.

RANKA T, GARCIA-SANZ M, WEADON T L, et
al.. System identification and interval analysis of the
Green Bank Telescope structure and servo system[ ] .
Proceedings of SPIE, 2014, 9145, 914554,
GAWRONSKI W. Control and pointing challenges
of large antennas and telescopes[J]. IEEE Trans-
actions on Control Systems Technology, 2007, 15
(2): 276-289.

RACHO C S, GAWRONSKI W K. Experimental
modification and identification of the DSS-13 anten-
na control system model[ J]. The Telecommunica-
tions and Data Acquisition Progress Report, 1993,
42(115): 42-53.

JUANG J N, PAPPA R S. Effect of Noise on Mo-
dal Parameters Identified by the Eigensystem Reali-
zation Algorithm[J]. Journal of Guidance, Con-
trols and Dynamics, 1986, 9(3): 294-303.
Gawronski W. Adwvanced Structural Dynamics and
Active Control of Structures| M. Springer Science
&. Business Media, 2004.

JUANG J N. Applied System Identi fication M].
Englewood Cliffs, NJ: Prentice Hall, 1994.

. 2m

’ ’ ’

(1987—), s
. B
mail: dyt0612@163. com

(10]

[11]

[12]

[13]

[14]

[15]

[16]

Opt. Precision Eng. , 2017, 25(1) . 163-171.
LEW J S, KEEL L H, JUANG J N. Quantifica-
tion of parametric uncertainty via an interval model
[J]. Journal of Guidance, Control, and Dynam-
ics, 1994, 17(6) . 1212-1218.

JUANG ] -N, PAPPA R S. An ecigensystem reali-
zation algorithm for modal parameter identification
and model reduction[J]. Journal of Guidance,
Control, and Dynamics, 1985, 8(5): 620-627.
GAWRONSKI G. Design and performance of the
H-infinity controller for the beam-waveguide an-
tennas[ J]. The Interplanetary Network Progress
Report, 2011, 42, 1-22.

(7. . 2015, 23
(4) . 1106-1113.

LI H W, DENG Y T, WANG ] L. Digital inte-
gration of PMSM speed controller based on FPGA
[J]. Opt. Precision Eng., 2015, 23(4): 1106-
1113. (in Chinese)

SU4GREZ M, ROSICH J, ORTEGA J, etal.. The
GTC main axes servos and control system [ ] ].
Proceedings of SPIE2008, 7019. 70190].
ANDERSEN T, ENMARK A. Integrated Modeling

of Telescopes [M]. New York: Springer, 2011,

[Jl. ,

2017, 25(4): 900-909.

DENG YT, LI HW, WANG ] L, etal.. Application

of structural filter to principal axis system of telescope

[J]. Opt. Precision Eng. , 2017, 25(4); 900-909.

1970—)>, s

’ s

. E-mail.

lihongwen1970@ yahoo. com



