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® rated power P =0.43 kW. -
® rated current I,=1.02A.

® rated voltage V. =460V,

® rated speed ®,= 1670 rpm.

® rated torque T,=2.5Nm.

® rated frequency f, = 60 Hz.

® pole pairs n =4

® system inertia J=0.0008 kg m2

®  Sstator resistance R, =27.55 ohm.

®  rotor resistance R, =21.4 ohm.

® stator and rotor inductances L,=L =0.055H.

® magnetising inductance L. =0822H.
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Hersteller: SIEMENS AG
Bereich Automation & Drives, SD

Geschaftsgebiet Niederspannugsmotoren

Besteller: [2]

Anschrift: Nadrazni 25 Kunde:
CZ2-789 85 Mohelnice
FID Vreg. Bz-Pos.
SIEMENS 3~Mot.
1LA7073 - 4AB
IP 55 Al EN 60034 ThCIF
50 Hz 2307400 V DIY 60 Hz 460VY
0,37 kw 1,82/1,05A 0,43 kW 1,04 A
cosf 0,78 1370 / min cosf 0,76 1670 / min
220-240/380-420 V D/Y 440480 VY
1,89-1,87/1,09-1,08 A 1,08-1,09 A
Stander [4] ) Leistung
Messdaten Mot —Nr. Fre- Span- Strom | Drehzahl Aufn, Abgabe
quenz nung Pt P2 cos phi M Eta fafla
3] [5) [6) 7 f9] [8] i-] [16} (17} [22]
fHz] vl [A} [1/min) w] w} [Nm) (%}

Leerauf 0000 b0 400 0,868 - 1251 - - - - -
119 60 460 | 0,788 - 120,7 - . - - .
Last 50 400 1.09 1345 | 602,1 370%] 0,795 | 2,63 61,5 -
[18] 60 460 | 1,07 | 1648 | 660,5 | 43¢ 0,776 | 2,49 | 651 -

A 50 400 3,60 - 2021 - 0,811 4,8 - 3,29
1o 60 460 | 3,98 - 2469 . 0779 | 43 . 3,72

KurzschluRlzufer [11] Ausfiihrung: EN 60034 Teit 1, IEC 34-1 [12]
u1-u2
Widerstand zwischen Klemmen [13] Q] V1-v2 551
W1-w2
Wicklungspriifung bestanden [14] Kahillufttemperatur max. 40°C [20]

bzw. nach Leisttingsschildangabe [21}

English/Francais/&esky

1] Test report/Fiche d essais/Osvédéeni o zkouice
[21 Reference /Réference/Objednavaltel

13] Frequency/Fréquence/Kmitocet

[4] Stator/Stator/Stator

151 Voltage/Tension/Napéti

i6) Current/Courant/Proud

[7] Speed r.p.m.NVitesse t/min/Otadky

[8] Output/Puissance nominale/Vykon

19] Input/Puissance absorbée/Pfikon

[10} No load test/Marche 4 vide/Naprazdno

[t1] Squirrel-cage rotor/Rotor en court-circuitRotor nakratko

{15} Number of poles/Nombres des poles/Polarita
116} Torque/Couple/Moment

[17] Efficiency/Rendement/Uginnost

[16} LoadMesure a..charge/Zatss

[19] Locked rotor test/Test en court circuit/Zkouska nakratko

(20} Cooling air temperature max,..°C/Temp. de "air de
refroifdissement max...°C/Teplota okolj

[21] or indication on name plate/ou indiques sur fa plaque/
pro udaj na vykonoveém Stitku

[22] Starting current related 1o rated curment /courant rotor blogqué en proportion
de courant assigné / pomémy proud nakritko

[23] Starting torque related to rated torqua / couple rotor bloqué en proportion
de couple assigné / pomémy Zabérovy moment

112] According to standard/Exécution selon prescription/Provedeni
113) Resistance between terminals/Résistance entre bomes/Odpor na svorkach
[14] High-voltage test passed/L assai diélectrique a donné satisfaction/Zkouska vinuti

A&DSDMM QS3 Datum: 2. 10. 2001

Unterschrift: Josef Nejediy

Leiter des Priiffeldes




92

NMARUIN Y

N Y = o
IR G umsinun

= o ey o . . .
NN 1ﬁSUﬂ1iﬂqu1u01u Information and Computer Engineering Postgraduate

]
ol

[ ¥

Workshop 2004 (ICEP  2004) sswheSufi  22-23 NN WA, 2547 Sadu
= ar o o = [ =3 v oY oA 4 .

WTIMuRomIvaInITUNY  Tneuvagiia v dszmalng  uwadaiecdes “A

Comparative Study of Induction Motor Position Control for Bending and Cutting Machine”



93

A COMPARATIVE STUDY OF INDUCTION MOTOR POSITION CONTROL
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ABSTRACT
In different scenarios, the comparison of
the simulation results between fuzzy logic

controller (FLC) for a position control with speed
and that of without speed control loop is presented
in this paper. The design of fuzzy logic controller is
set up with simple rules that are derived from
engineering and experimental results. At of
constant positions, the measurement of results of
fuzzy logic controller with and without speed loop
are illustrated to see which has more advantages.
KEYWORDS

Fuzzy logic controller, Position control,
Speed control, Induction motor, Bending and
Cutting machine.

INTRODUCTION

Induction motors are widely used in
industrial applications for example, handling
devices, electrical traction and robotics because
they are less cost but more rugged and reliable than
DC motors. Though induction motors have a few
advantageous characteristics, they also possess
nonlinear and time-varying dynamic interactions.

By using conventional PI controller, it is
very difficult and complex to design a high
performance induction motor drive system. We
cannot obtain the good responses for the changes of
the load torque and load inertia moment from the
system, we observe the overshoot and oscillation of
the motor response, the oscillation of the torque
and the long settling time [1-3]. The fozzy logic
controller is attractive approach, which can
accommodate the motor parametric variations and
difficulty in obtaining an accurate mathematical
model of induction motor due to rotor parameter
and load time constant variations. It employs the
strategy adopted by the human operator to control
complex processes and gives supetior performance
than the conventional PI controller [4-6]. In order
to have the robustness against speed variation and
external perturbations, fuzzy logic controller is a
recent control technique, which permits the control
of nonlinear system such as induction motor. It has
three main characteristics. 1) the fuzzy controller a
linguistic controller it is not necessary to find the
precise and accurate mathematical mode} of the
controlled object 2) the FLC is an ideal flexibie
nonlinear type controller, it can overcome the

Thanate Khaorapapong
Department of Computer Engineering
Faculty of Engineering
Prince of Songkla University
Hat Yai, Songkhla 90112 THAILAND
E-mail: kthanate@coe.psu.ac.th

nfluence of only nonlinear variations 3)the FLC
has a strong robustness, as it is not sensitive to
parametric variations of the controlled process,

In this paper, the application of fuzzy
logic to control an induction motor drive is
investigated. First, fuzzy logic control principle is
considered for the design of the position controller.
Then with help of the MATLAB/Simulink, we
propose the fuzzy controller, which is suitable for
position control with and without speed control
loop of induction motor drives. Thirdly, we
simulate the whole system and discuss the
performance of the position control system with
and without speed control loop by considering the
position response under the constant loads.

INDUCTION MOTOR DYNAMICS AND
CONTROL STRUCTURE

This paper presents the position control of
induction motor for Bending and Cutting Machine.
The control system is shown in Fig. 1, which
composes of induction moter, ball screw and the
encoder to feedback the position of motor to the
controller.

Fig. 1. The control system.

A block diagram of an induction motor
position control with and without speed control
loop are shown in Fig. 2 and Fig. 3 respectively.
The reference position is compared with the actual
position and the error is fed to the fuzzy logic
controller. To determine the set-point speed of the
system, the controller employs the error and change
of error as fuzzy inputs. In Fig. 2, the set-point
speed is compared with the actual speed of
induction motor in the speed controller and gets the
frequency to control inverter. In Fig. 3, the set-
point speed is transformed to frequency into
inverter,
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Fig.2 Block diagram of an induction
motor position control with speed control loop
using fuzzy logic control.

Pos.
Inverter

FLC

Fig.3 Block diagram of an induction
motor position control without speed control loop
using fuzzy logic control.

The most popular induction motor model
derived from the equivalent circuit is Krause’s
model detailed in [7). According to his model, an
induction motor model] can be represented in the
state-space form as follows [8-9):

* E ]
dF, F Re | X X

qs We s | “mi ml
Bl L “Zep 4o | Tmip -1,
a T YTy s X|s["|r ¥ {xls Jqs]
s O] v “ep ,Rs x:‘ﬂF + x:"l 1F
= ds ™~ st Mg ' ds
dt s Wy Xist Xir Xis

r N *
dF, - Y
qr _ (e ~ o) Ri | *mi Xml
d—t—(ﬂb _——Fdl'+x_ X—Fqs+ ——‘i qu
Wy Ir| *Is Xr

[ * *
dF, — X
Sdr g, !urlpqr+ﬁ mip, | Xml _
dt X X

O Xlr
dor _[Mp k. _
dr [ZJ(T‘* )
When d: direct axis

q: quadrature axis

S stator variable

I: rotor variable

Fj; is the flux linkage(i=q or d and j=s or r)
Vgs» Vas: g and d-axis stator voltages

Var Var! g and d-axis rotor voltages

R;: rotor resistance

R,: stator resistance

Xis: stator leakage reactance (w,L;,)

»
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Xy rotor leakage reactance (w,L,,)
Xm: magnetizing leakage reactance (w,L,,)

.
X 0 l
ml ] I
BRI S
Xm  Xjg  Xir

n,: number of poles

J: moment of inertia

T,: electrical output torque

Ty: load torque

@,: stator angular electrical frequency
ap:motor angular electrical base frequency
@, rotor angular electrical speed

DESIGN OF FUZZY CONTROLLER FOR

INDUCTION MOTOR

The function of a fuzzy controller is to

convert linguistic control rules based on expert

knowledge into control strategy. Fuzzy logic

appears to be very useful when systems are too

complex for analysis by conventional control

techniques. Therefore, no exact mathematical
model for induction motor is required.

The fuzzy controller accomplishes four

elementary functions: Fuzzification, Fuzzy Rule,

Fuzzy Inference and Defuzzification. Fig. 4
describes the fuzzy logic controller.
Fu I
R,?,]‘? Control
Input Output
r
—p| Fuzzification Defuzzification g

hd

»| Inference

Fig. 4 Fuzzy Logic Controller

A. Fuzzification
Input variables of fuzzy controller are the
position error e(k) and its derivative ce(k). At a
sampling point k, e(k) and ce(k) are expressed as

e(k) =67 (k)-6, (k)
ce(k)y=e(k)-e(k-1)

where 6,'(k) and 0{k) are the position command
and the actual position of induction motor,
respectively,

The next step is to decide the appropriate
shape of the membership functions for e(k) and
ce(k). Since it is easier to see the influence of e(k)



on the value of cor as compared to ce(k). five
fuzzy sets are assigned to e(k) and ce(k).
Consequently, if the number of fuzzy sets in a
particular universe of discourse in increased to
infinity, then all fuzziness will be lost and it will be
equivalent to a conventional input domain. To
simplify mathematical computations, the shape of
the fuzzy sets on the two extreme ends of the
respective universe of discourse is taken as

trapezoidal whereas all other intermediate fuzzy -

sets are triangular. This is illustrated in Fig. 5.

A
NB NS Z0  PS PR
1
0 ) 08 04 0 04 08 1
(a) Error
F 3
NB NS ZO PS PB
1
0 L

-1 06 -04 02 0 02 04 06 1

(b) Change of error

NB NS 0 PS PB

A 2

-1 08 04 0 04 68 1

(c) cor*

Fig. 5 Membership function of Input,
Output variable

The input variables are quantized to 13
levels as shown in Table 1. We adapt nonlinear
quantization to ensure a good performance of the
proposed controller.
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Table 1 Quantization of input variable

Error Position Change of Quantized
(E, mm.) error position value
(CE,mm.)

E>=21] CE>=0.6 6
17.5<=E<21 | 0.5<=CE<=0.6 5
14.0<=E<17.5 | 0.4<=CE<=0.5 4
H0.5<=E<14 | 0.3<=CE<=0.4 3
7<=E<10.5 0.2<=CE<=0.3 2
3.5<=E<7 0.1<=CE<=(),2 1
-3.5<=E<3.5 | -0.1<=CE<0.] 0
-7<=E<-3.5 -0.2<=CE<-().] -1
-10.5<=E<-7 -0.3<=CE<-0.2 -2
-14<=E<-10.5 | -0.4<=CE<-0.3 -3
-17.5<=E<-14 | -0.5<=CE<-0.4 -4
-21<=E<-17.5 | -0.6<=CE<-0.5 -5
E<-21 CE<-0.6 -6

B. Fuzzy Rule
To obtain the better system dynamic
response, we have used the fuzzy control rules as
shown in Table 2. Control rule is obtained from
regularized linguistic expression based on sign and
size of e(k) and ce(k). This table is composed from
applying full boundary of input variables.

Table 2 Fuzzy rules

e e [NB NS Z0O PS PB
NB NB NB NB NS Z0
NS NB NB NS Z0 PS
Z0O NB NS Z0 PS PB
PS NS NS PS PS PB
PB ZO PSA PB PB PB

C. Fuzzy inference and Defuzzification

Many defuzzifiers have been presented in
fuzzy logic literature [10]; however, there is no
scientific or mathematical bases for the preference
of any of them. Consequently, defuzzification is
considered as an art rather than simplicity. The
most popuiar defuzzification method is the centroid
method where

n * *

2y (o) Jeor);
* i=1
cor (k)= n

5‘1“[(““’:)i]

The reference speed o, (k) that is applied
to the vector control system is computed by

integrating ce, (k):

or () =wy (k1) + cay (k)



SIMULATION RESULTS AND
DISCUSSTION

The control performance of the described
FLC is evaluated by simulation using MATLAB /
Stmulink with the parameters indicated in
Appendix and is tested under the constant load. The
simulation results compare the trajectory control
under several position tracks of position control
with and without speed control loop.

Fig. 6 shows the position response of the
system under constant load at 10 mm. The position
control with speed control loop’s response has less
rise time, settling time and is smoother so it is
better than without one.

Fig. 7 shows the position response of the
system under constant load at 20 mm. The
comparative results are the same as Fig. 6. But the
position control with speed control loop’s response
1s as smooth as without one.

Fig. 8 shows the position response of the
system under constant load at 30 mm. The position
control with speed control loop’s response has
more rise time and settling time than without one,
so it is slightly worse than without one.

.Fig. 9 shows the position response of the
system under constant load at 40 mm. The position
control with speed contro! loop’s response has
more rise time and settling time than without one
sa it is worse than without one.

Fig. 10 shows the position response of the
system under constant load at 100 mm. The
position control with speed control loop’s response
has much more rise time and settling time than
without one so it is much worse than without one.

The results above show that the position
control with speed control loop’s response is better
than without one when the reference position is
short. On the contrary, those responses interchange
together when the reference position is longer.
From the simulation results, the position control
without speed control loop has been implemented
in the laboratory because of simplicity and
economy.

CONCLUSION

The paper has presented a comparative
study of fuzzy logic position controller for
controlling an induction motor for Bending and
Cutting Machine. The simulation results obtained
have confirmed the very good dynamic
performance and the robustness of the controller,
Furthermore, we can compare both of proposed
control’s simulation results and lead to implement
the proposed position control without speed control
loop in our laboratory.
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APPENDIX
Induction motor parameters:
¢ rated power P,=043 kw.
* rated current [, =102 A.
* rated voltage V,=460 V.
* rated speed o, = 1670 rpm.
¢ rated torque Ty=2.5 Nm.
s rated frequency f, = 60 Hz.
* pole pairs n,=4
s system inertia J=0.0008 kg m2
s stator resistance R;=27.55 ohm.
*  rotor resistance R, =21.4 ohm.
*  stator and rotor inductances L, = L, = 0.055 H.
* magnetising inductance L = 0.822 H.
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Fig. 6 Position response of the system under
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Fig. 7 Position response of the system under
constant load at 20 mm.
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Fig. 8 Position response of the system under
constant load at 30 mm.
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Fig. 9 Position response of the system under
constant load at 40 mm.
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