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FUZZY OPTIMIZATION FOR SPEED CONTROLLER OF AN
INDIRECT VECTOR CONTROLLED INDUCTION MOTOR
DRIVE USING MATLAB SIMULINK
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ABSTRACT

The aim of this paper is to investigate the perfamoe of a Fuzzy-Logic-Controller (FLC) which is &ipg

on three-phase induction motor drive system fohtpgrformance industrial applications. In this papiee

FLC is used as a speed controller to replace thgesdional Pl speed controller. The FLC will deteren

the time of switching on the Space Vector PulsetWiodulation (SVPWM) inverter that supplies power
to drive the induction motor considering variabieedt and quadrature axis inductances. The perfocma

of the suggested technique has been simulated erelogped using MATLAB/ SIMULINK for dynamic
operating condition, such as certain change in canthspeed, and step change in load. The simulation
result shows the feasibility of the proposed teghaiin order to improve the speed response and low
torque ripple on three phase induction motor drive.
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1. INTRODUCTION 2. INDUCTION MOTOR MODEL

Among various ac motors, induction motor (IM) The dynamic space vector model of IM in an
occupies almost 90% of the industrial drives due tarbitrary frame is expressed as
its simple and robust construction; however, the

control of IM is complex due to its nonlinear natur = = Belg ¥ P¥e g @)
and the parameters change with operating =p ; +puy, +jrw,— w,) ¥, (2)
conditions. Artificial intelligent controller (AIC) )

could be the best candidate for IM control. Over thu: = L; i, + Ly, i, )
last two decades researchers have been working_kﬁo =] 4L i 4)
apply AIC for induction motor drives [1-6]. Thisis ™" ™ ™ =7

because that AIC possesses advantages as compaied §;gﬂ ‘_'“ w0, =T + % ':d—“;" (5)
to the conventional Pl, PID and their adaptive - o

versions. Whereu,, i, i,, 1, andy, are the stator voltage,

stator current, rotor current, stator flux linkegyed
qtor flux linkage, respectively, and 1, are
ectromagnetic torque and load torq®e; B,, L.,

Mostly, it is often difficult to develop an accueat
system mathematical model since the unknown an
unavoidable parameter variations, and unknowh X i
load variation due to disturbances, saturation arfd Lm @nd X, are stator resistance, rotor resistance,
variation temperature. In this paper a fuzzy logi§tator inductance, rotor inductance, mutual
controller (FLC), as an AIC, is considered for motoinductance and number of pairs of motar;is the
control purpose [7-10]. The main advantages af@tor speed and subscrifit denotes the rotating
that the designs of these controllers do not depef@ordinate.
on accurate system mathematical model and theirSupposem;L. is equal to the rotating speed of rotor
performances are robust. flux, and the d-axis is aligned to the orientatn

The performance of the proposed drive jgotor flux, thus Rotor Field Oriented Control
investigated in simulation. In order to prove thdRFOC) is obtained, and the model of IM is
superiority of the proposed FLC, the performancesimplified and expressed as
of the proposed controller are also compared to _ N :
those olgtair?led by a conventional Pl controIFer. Usa = Rolog ¥ OL: Pl * 7P ¥r = OLS Wy Igg ©)
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L ) ) o Ly TABLET
Blpg = Rglzg ¥ OLo Pigg + gl (0L3t3q+ ) ) (7 RULE MATRIX OF FLC
- Output Input 1(E)
U, =2 (8) NB NM NS 7 PS PM PB
v T T, mep bed
r NB NVB NVB NVB NB NM NS Z
Ly ica - NM NVB NVB NB NM N§ Z PS
€y = Wy ~ Gy = 7 9 T NS NVB NB NM N$ Z PS PM
o o Z NB NM NS z ol PM  PB
_2.. Lm, . =S PS NM NS z PS PM PB PVB
To =Ny Py i (10) Z PM Ns oz PS PM PB PVB PVB
- PBZ P$ PM PB PVB PVB PVB

Where rotor flux is only decided by the d-axis ) )
current, and if rotor flux is constant, the To obtain fast response for dynamic performance
electromagnetic torque is proportional to the ggaxia@nd high accuracy for steady state, asymmetric
current, thus rotor flux and electromagnetic torquéfiangular is selected as the membership function,

is decoupled, which provides convenience foWhich can be seen in Fig. 2 and Fig. 3 and is
control. different from conventional design.

In conventional RFOC, Pl is used to regulate th
d-axis and g-axis current in synchronous frame ar
the control law is

Esd* = (KF+J{,.'IIS)( wr* _.‘tl-l'lr)
isﬁ'* = (Kpt & /o) (we™ — wy)

(11)
(12)

3. PRINCIPLEOFFLC

The mathematical tool for the FLC is the Fuzzy
set theory introduced by Zadeh [11], which
incorporates human experience in the controller. ,
typical FLC block diagram is illustrated in Fig. 1.

Y
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Fiz. 1. Block of FLC

The range of input and output variables afte
scaling is between -5 and +5. Fig.2 and Fig. 3 sho
the fuzzy sets and corresponding triangula
membership function description of each signal
The fuzzy sets are defined from big to small a
follows: PVB, PB, PM, PS, Z, NS, NM, NB, NVB.

The membership function of input and output ar
shown in Fig. 2 and Fig. 3 respectively. Tab.
shows the inference rule used in this paper, whic
is the key part of FLC. By well designing the
inference rule, excellent performance can b
achieved. The mapping relationship between inpt
variables and output variable is illustrated in.Fig
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The input of FLC for speed control is the erromangle which is available from flux estimator orxlu
between commanding speed value and real spesehsor (e.g., Hall effect).

value, and its output is g-axis torque current. The In this implementing system, the indirect flux

input of FLC for flux control is the error between . ;
. .. oriented control system with measured speed based
commanding flux value and real flux value, and its . )
: . . on capture is chosen. The overal block diagram can
output is d-axis magnetizing current.

be depicted in figure 5.
4. DESIGN SYSTEM CONTROL The fundamental of field oriented control (or

Theoritically, the field oriented control for the flux vector control) for the AC motors, such as
Induction motor drive can be manly categorizednduction or synchronous motors, is to align the
into two types; indirect and direct schemes. Theptal flux into the synchronously rotating d-axis.

field to be oriented could be rotor, stator, orgap With the important result of this alignment, the

Ilrl:x I;pkagtg. Ir][. the |.?r<]j|rect f|Ieddor|ent?d Ctogtrotelectromagnetic torque and flux produced by motor
€ Scljp estimation \3" . meazure tor es |ma(ta rrct)h%an be independently controlled by the d-axis and
speed IS requirec In order: to- compure -axis stator current in the synchronously rotating

synchr(_)nogs tﬁpeed.t Thelge 'f’h ng_ flu€< eﬁt'mat'(t) ference frame, respectively. Figure 6 shows the
appearing in the systém. or th€ direct Scheme, g, -, rrent and rotor flux vectors in rotor diel

synchronous speed is computed basing on the ﬂuéfiented control
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Fig. 5. Blok diagram of Indirect Field Oriented Control.
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Fig. 6. Stator current and rotor flux vectorsin rotor field oriented control.
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5. SIMULATIONRESULT In Fig. 10 shows simulated speed response of

Fia. 7 sh he simulated d rqtor in FLC technique and below are respectively
Ig. 7 shows the simulated speed response rque response in FLC, Fig .11. Then Fig. 12

rotor using conventional technique Pl. The greedy ows stator currents transient in ELC
line color shows the speed reference at starting '

1300 rpm, then after 1 second command speed W w
given to reduce the speed at 1000 rpm while th |
blue line color shows the speed actual motor. o0}
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Figure 10. Simulated speed responseusing FLC
o o5 I 15 technique

time (s)

Figure 7. Simulated speed response of PI 2

Next, Fig. 8 shows torque response of motor il m,
conventional technique PI, then Fig.9 show statc ;

currents transient response. 0
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. | Figure 8. Simulated tor que response of motor using
FL C technique
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Figure 8. Simulated tor que response of motor in
conventional technique PI
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Figure 9. Simulated stators current transient response
of motor using FL C technique

J ' J| WMN}"LH'MIr,lw kT “ "]'“Jl\u A fh 6. CONCLUSION

In this work, a Fuzzy logic based algorithm of
speed controller has been applied for the speed
| control of a three-phase induction motor. The
variable of d- and g-axis inductances based on
Indirect Field Oriented Control system with Space
205 v - s Vector PWM technique is applied in inverter-fed

time (5) IM drive. This simulation results show the
performance of the proposed technique
compared with the conventional Pl controller. The
FLC can eliminate the overshoot and steady state
error which is produced by PI controller. for speed
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Figure 9. Simulated stator currentstransient response
of motor in conventional technique PI
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The

ripple torque is also can be reduced through

this method. In the future work the prototype will

be developed in order to verify simulation and10]
experimental results. The suggested algorithm will
be implemented in experimental to drive three
phase induction motor using DSP control board

TMS320F2812.
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