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Abstract: To satisfy the requirement of the drive and tracking accuracy of a 4-m telescope, this paper
proposes a design method of a segmented permanent-magnet arc synchronous motor based on the
telescope control system. The paper first introduces the construction of the control system and the
method for identifying the control model. Next, the position command shaper, which is based on the
speed and acceleration information, is designed to rapidly realize the smaller and larger step responses
without overshoot. Finally, the position and speed control strategies are designed and experiments are

conducted. The experimental results show that when the telescope control system steps 10° and 0. 2°
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signals, the system could reach the command rapidly without overshoot. In the case of a speed of

10 (°)/s and acceleration of 3(°)/s*, the telescope could track an equivalent sine curve, with the

maximum tracking error and root mean square error of 2. 636" and 0. 673", respectively. The results

demonstrate that the 4-m telescope control system could meet the design requirement, and provides a

reference method for the next-generation telescope control system design.

Key words: large-aperture telescope; segmented permanent magnet arc synchronous motor; control

model; command shaper
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Fig. 1 Principle diagram for control system of segmented permanent magnet arc synchronous motor
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Fig. 6 Block diagram of telescope control system based on segmented permanent magnet arc synchronous motor

5.1 , w<onr W wNr s W Gaw)
1. ’ W = WNF

o : ; 0 = o ’

W () =S 2hons o gy Ve leow) =8/Ge. =

S +2§1>w\n«‘5+wNF e , §P

- ’ ; ’ &z o
o . 5.2

(16) , ’

WNF ’ ’



windup . windup LGM,
s o (19) s
PI D) kr ]Tcl ’ ’
7 o o
’ fr ?
fe ,
30%~40%,
6
4 m
1 o
7 PI
Fig. 7 Speed PI controller based on anti-windup strategy ’
, 0.007 845",
K, =
, 1482 N« m/A, R,=2.62 Q,
, 15.83 A, Viem =382V,
K,=Jriw.sin g, () p=220.
, 17 .
1K =T atcos g DSP FPGA ’
: Jra s Wse 1 kHz.
G . 15 kHz.,
5.3 ’
PID , . 1200V, 75 A, 4 m
kl
Gy () =Pk, (kP+T+s). as)
’ , 4m
8 9 o ,
(k,:—ﬁwz/(lng«/lJrﬁz) ,
/kp:ﬁ(k;_wf)/wc s am N s
Wkrzlng]ka;//ep ’
p=tan (90+PM) ;
lg m=10"M* , (20) o
w.=2nf. , N s
: fe » PM , LGM s o

PM, N , N



8
Fig. 8 Step response of smaller angle without command

shaper

10
Fig. 10  Step response of lager angle slew without

command shaper

9
Fig. 9 Step response of smaller angle with command

shaper

10 11

’ 19.6 s N

’ 11
H Fig. 11 Step response of lager angle slew with command

, 0.8 s shaper



3 , 4 m 599
4 m )
4 m s
12 o :
10 (") /s .
13 4 m
Fig. 13 Position error curve of sinusoidal guidance for
4 m telescope
7
4 m
s
s s H
12 4m s s
Fig. 12 Azimuth axial speed step response of 4 m s
telescope N H s
, 4 m
, 10 (/s . , 10°
3(N/s . 0.2° ,
13 o s N 3
2. 636", RMS 10 (/s 3/
0.673". ) 2. 636", RMS
0. 673", 4m
, 4 m ’
[3] LIXY.WANGDX. SONG X L, etal.. Research
on large aperture telescope drive control technology
[1] . , ., . 2m [C]. SPIE Astronomical Telescopes Instrumenta-
[J]. , 2017, 25 tion, 2012. 84505B-1-7.

(). 163-171.
DENG Y T, LI H W, WANG ] L, et al.. Main
axes AC servo control system for 2 m telescope [J].
Opt. Precision Eng. » 2017, 25(1): 163-171. (in
Chinese)

[2]
. » 2007, 25(4); 364-374.
WANG G M. Review of drive style for astronomical
optical telescope [J]. Progressin Astronomy ,2007,
25(4) . 364-374. (in Chinese)

[4] ; ,
LIl , 2003, 21(3):

195-205.
XU X Q. XU L ZH, LUO Q F. Novel control
technologies for optical astronomical telescopes of
contemporary Era [J]. Progress in Astronomy ,
2003, 21(3): 195-205. (in Chinese)

[5] FILGUEIRA ] M, PUIG M P, GOMEZ C P, et
al.. Architectural design of the GTC control sys-
tem [ C]. SPIE Astronomical Telescopes and In-



600

28

(6]

[7]

[8]

(9]

[10]

[11]

(12]

strumentation.
and Photonics, 2000: 35-45.

ERM T, GUTIERREZ P. Integration and tuning of
the VLT drive systems [J]|. Astronomical Tele-
scopes and Instrumentation ,2000,4004 ;. 490-499.
MIYAWAKI K, ITOH N, SUGIYAMA R, etal..
Mechanical structure for the SUBARU telescope

International Society for Optics

[C]. SPIE Astronomical Telescopes Instrumenta-
tion. International Society for Optics and Photon-
ics, 1994, 754-761.
ERM T M, SEPPEY A. A cost effective direct
drive option for the thirty meter telescope [ C]J.
SPIE Astronomical Telescopes Instrumentation.
International Society for Optics and Photonics ,
2006 627335-1-8.
SEDGHI B, MUULLER M, ERM T, ezal.. Main
axes control of E-ELT [C]. SPIE in Ground-based
and Airborne Telescopes [l L. M. Stepp and R.
Gilmozzi, eds. , 2010; 7733G-1-12.
HU W. ZHANG ZH CH, WANG D X. The study
on servo-control system in the large aperture telescope
[C]. SPIE Astronomical Telescopes and Instrumen-
tation , 2008 701925-1-9.
REN CH ZH, ZHANG ZH CH, WANG D X, et
al.. One direct drive system for telescope [ C].
SPIE Astronomical Telescopes and Instrumenta-
tion, 2008; 701230-1-8.
JIAN C, LIM W, LONG H ]J. Design and optimi-

zation of arc permanent magnet synchronous motor

(1987 —>, .

’ ’

E-mail: dyt0612@163. com

[13]

[14]

[15]

[16]

[17]

(18]

used on large telescope [J]. IEEE Transactions on
Magnetics, 2012, 48(5) . 1943-1947.
.4 m

[DJ. : . 2015.
DENG Y T. Research on Ac Control System for
the 4 m Scale Telescope Main Axis [D]. Beijing:
Graduate University of Chinese Academy of Sci-
ences, 2015. (in Chinese)
CHO I W, LEE S C. Antiwindup strategy for PI-
type speed controller [ J]. IEEE Transactions on
Industrial Electronics, 2009,56(6): 2039-2046.
HANUS R, KINNAERT M, HENROTTE ] L.
Conditioning technique, a general antiwindup and
bumpless method [ ] .
1987, 23(6) . 729-739.
SHIN H B. New Antiwindup PI controller for var-

transfer Automatica,

iable-speed motor drives [J]. IEEE Transactions
on Industrial Electronics, 1998,45(3) . 445-450.
THOMPSON P M, MACMYNOWSKI D G, SIRO-
TA M J. Analysis of the TMT mount control system
[C]. SPIE Astronomical Telescopes Instrumentation
2008. 70121P-1-14.

. 2m

[J].

’ ]

, 2018, 26
(3): 654-661.

DENG Y T, LI H W, CHEN T. Dynamic analysis
of two meters telescope mount control system [J].
Opt. Precision Eng., 2018, 26(3): 654-661. (in
Chinese)

a971—>, ,

’ ’

» E-mail: wangjianli @

ciomp. ac. cn



