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Fig.1 Scheme of hardware design
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Fig.2 Hardware implementation of current controller
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Fig.3 Finite state machine sampled by motor current
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Fig.6 Dc motor servo control system structure
37 AT e A R A i A T
¢ (5) =kp(Tls+1)(T3s+l) (5)
re (Tys +1)(Tys +1) °
i kb, PR3 5 R EG T, T, Ty T, 9]
i 1] 508 BAT Anti-Windup 50 A9 38 % PT %
il A 0 g i o
i, =k, +Aw +q, (6)
g FoR PLHERIGBUMH: Aw = 0, - o FE1H]
s 1 AR AR A D, 3 B2 PR SR T PT 2 il B
35 2 R B BRAR 5 BRI, PT 42 il &% 4 Hh 22 38
B AN, T R BT R AR 3 R DL — R Y
R R O, 45 i 2 0 2 L 4]
B q BB

k,
q =k, - Ao+ —(Aw -k, - Ai), (7)
S

s Aiy =0, =i sk, e 42BN P B EO H )
B 1) B RS 63 505, R P 5 o) 2 B
AR 3 O BR  E E BR Ron B 24
G H A TR 9 S IN HIL O B 9 4
DRI A R SR PR LA R
MO 7 0 2% 2 . R R 4 1 2 1 38 5
SE I S AR B0 ) L D B L SRS



% 6 30 AR, A LT FPGA 1 B i M AL IR 5 ) R g it 5 58 57

TUH 22 . 0 B A TR 552 B R AL A 07 B A RS
RENL, N T RIE R GE RS R, 7 B 5 R i
T - 5 Je A i

3 ZWHERSMH

BT AR BT B LK Bl Y /N L £ 3
Fr A Mgz ) 2 56, LS B R A R = 1.6
Q& L =6.0 mH, fEFEBEN T =13 kg - m’;
G 2R 32 17 Biss 4 Xt X 4 B5% 25, 43 BER A
0.000 3". {3 ¥ ¥ &t 2 8.k, =150, T, = 1.5,
7,=0.039, T, =0.29,T, =2.9; & JF K%l =
Bk, =600,k =1 500k, =0.5. {3 & ¥ 1 5 5 3£
SRAEJE 9145 9 1 000 Hz. 52 56 I 45 4] IR 22 ¢ 7Y 8
JE A7 E G IR Lz 2 AN P 7 .8 .

91.5
)
<
# 90.5
=
& 90
89'50 2 4 6 8 10 12 14 16 18 20
FF ) /s
(a) o2 B B R 7 £
0.04
Z 0
e
oK
b
&
g -0.
4\:_[

10 1 2 13 14 15 16 17 18 19 iO
i ] /s
(b) AL EIRZE LR
B 7 {RAARER S A E By R e R fh £

Fig.7 Position step response curve of the servo system
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Fig.8 Speed step response curve of the servo system

HIIE 7 T LA 007 B B R B AT BT ) 3l 25
UEIDVAT s B VA W=R ATD 7S /oW it I S D A
R2EHN £0.02"(20 Z AP, 2 A IR & GRS
TENLHYEESR . AR R GEAE 0.5°/s I B4 FE B R
DAY S -R U ES IO 7S i ) 1 “N DA IR el i D L]
t,<0.2 s, Fa SRS T 73 Lol 0. 54% ] Iz £
11 T8 JEE R 7 2K 35 W 28 Gt ) R BR AR R
HA Anti-Windup 50 1 45 6l 4% J5 , BA B4 1)
By 250 1 BE 7 AL g B AR SRS L

4 #Hit

Wit T3 F 28 FPGA 1Y B A ML A R 32
RYe, fi M T SN EIRE 4 B3, 76 Nios 11 Py % v 52
BT RS P88 8 T B4 Anti-
Windup 7 W& B 2 BE 325 il 25 F1 25 #9 JE Dk 2%, /N T
F 250 1 P D B A Y D S S S 0
E T 50 £ R 5 ) 2 495 0 R M R, b ELIR AR
LR R 42 1 2 495 1 B AR B T 0L T e b f 83
5%,

SE

[1] ZHANG D, LI H. A stochastic-based FPGA controller
for an induction motor drive with integrated neural net-
work algorithms [ J]. IEEE Trans Ind Electron,2008,
55(2):551 -561.

[2] KUNG Y S, HUANG C C, TSAI M H. FPGA realization
of an adaptive fuzzy controller for PMLSM drive [ ] ].
IEEE Trans Ind Electron,2009,56(8) :2923 —2935.

[3] JEZERNIK K,KORELIC J,HORVAT R. PMSM Slid-
ing mode FPGA-based control for torque ripple reduc-
tion[ J]. IEEE Trans Power Electron,2013,28(7) :
3549 -3556.

[4] HANUS R,KINNAERT M, HENROTTE J L. Condition-
ing technique, ageneral anti-windup and bumpless trans-
fer method [J]. Automatica, 1987(23) :729 -739.

[5] JEZERNIK K, KORELI J, HORVAT R. PMSM sliding
mode FPGA-based control for torque ripple reduction[ J].
IEEE Trans Power Electron. ,2013,28(7) :3549 —3556.

[6] LINFJ, TENG LT, CHANG C K. Adaptive backstep-
ping control for linear-induction-motor drive using FP-
GA [J]. Electr Power Appl, 2006 (153) :484 —492.

[7] KUNG Y S, TSAI M H. FPGA-based speed control IC
for PMSM drive with adaptive fuzzy control[ J]. IEEE
Trans Power Electron,2007(22) ;2476 — 2486.

(8] =yt sc. LT AR PID i ¥ R AL 28 5 5% 1) IR &R 46
[J]. 6245 % T.#2,2009,17(2) : 328 - 332.

[9] CHOIJW, LEE S C. Antiwindup strategy for PI-Type



58 MR R (L R 2017 4

speed controller[ J ]. IEEE Trans Ind Electron, 2009 g T]. A 3k ,2011,33(3) :12 - 15.
(56) :2039 -2046. [11] B8, AP, 3T FPGA Ay BiSS Hrs ot i 4w it #5 il
[10] ZEWgie. T BiSS WSl Y i 2% K HLAE fr il 4K 3)) &= fERHBE [ T]. Bl R 2008,31(7) ;188 - 191.

Design and Implementation of Motor Servo Control System Based on FPGA

CHANG Yiping, LIU Qin, YANG Lei

(School of Electronic and Information Engineering, Zhongyuan University of Technology, Zhengzhou 450007, China)

Abstract; In order to meet the real-time control requirement of servo system, a dc motor control system based
on FPGA was designed. The position and speed controller were realized in the Nios II, and the current loop
was executed in FPGA. In order to reduce the torque ripple, an Anti-Windup PI controller was designed. The
lead-lag controller was adopted for the position controller. The simulation and experiment result showed that
the servo control system had better steady and dynamic performance, which met the requirement of the servo
control system.

Key words: FPGA; Anti-Windup; biss; servo control
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Circular Arc Representation Based on Mobius Transformation

REN Liangpin, XUE Junxiao, ZHANG Chaoyang, WANG Dingbiao

(School of Software, Zhengzhou University ,Zhengzhou 450002, China)

Abstract: In CNC machinery, the industrial products and machinery parts are often represented by circular
arcs. A new method for representing circular arc based on Mébius transformation was presented in the paper.
By constructing the Mobius transformation between a straight line segment and a circular curve segment, the
arc curve was expressed as a form of complex rational function, and a complex rational arc spline function was
also constructed based on the smooth constraints and the Mobius transformation. The representation had no
weight factors or control parameters, and it was geometric and affine invariant. Compared with the classical
method for representing circular arc, such as NURBS or C-curves, the presented method was much simpler.

Key words: CNC; circular arc; Mébius transformation



