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Abstract

Variable-Voltage Variable-Frequency control represents the most
successful used method in speed control of 3-phase induction motor, which is
implemented by using PWM techniques. This paper proposes modeling and
simulation of sinusoidal PWM voltage source inverter asaVVVF A.C drive. The
dynamic model, simulation of 3-phase induction motor, and open loop speed
control system is proposed too. The Pl closed loop controller of rotor dip
regulation is illustrated as a traditional speed control method, which gives stable
operation behavior of motor speed in the constant torque region with settling time
=0.5 sec and maximum overshot =20%, but unstable operation in the field
weakening regions with steady state error =15%. The Artificial Neural Network
(ANN) is going to be the modern type of speed controller.This paper proposes
NARMA-L2 (Nonlinear Autoregressive-Moving Average) neural network as an
improved Artificial Neural Network technique, and trained as a close loop dip
regulation controller, which gives an idea performance with settling and rise time
= 0.18 sec, maximum overshot and steady state error less than 1% in different
speed range and constant air gap flux, including the field weakening regions.

Keywords: Sinusoida PWM, Speed control of induction motor, Pl controller,
ANN controller, NARMA-L2 controller

skl ‘f:"‘)ﬁ‘”,ﬂa‘ﬁ)ugﬁé‘i}“i\ ‘a.\k.\.d,'" e lihal) duanl) 5 ol
el Aadll (o e Gadal 3l jdaa pusle aladiudy

DA
Ao pu o 3 handl b deadind) 5okl madl (e 23 il 5 gl ast A8 jla e
138 adfy Al (o jed Gpeaill @ pladinly Gaki g o skl OGN sl @l
dall e A8 puS nad gl (e Geaal gall aae Skl JEdD 5 73 sadll Canl
e pull e pe Hhll OGN Sad el JEal 5z saill Load aniyg LS L3 i
o Al dal)) hpeeS galil JLlSil- oulil) hedl by WS A ) Al
Cun aell il dihaie 8 1 e 210 a8 gl g ol a8 ) sall ¢ 5all BY 5V de
Cilaal 3lalia 4 T e 32 313 pe %020 Sl (520 ol 5 45 0,5 g dll (0 IS
b dselhall el il @ jhiee of %15 g Al b Uad ae Jad

*Electrical & Electronic Engineering Department, University of Technology/ Baghdad

2392

https://doi.org/10.30684/¢t].28.12.9
2412-0758/University of Technology-Iraq, Baghdad, Iraq
This is an open access article under the CC BY 4.0 license http://creativecommons.org/licenses/by/4.0



https://doi.org/10.30684/etj.28.12.9

Eng. & Tech. Journal,Vol.28, No.12, 2010

Artificial Neural Control of 3-Phase Induction
Motor Slip Regulation Using SPWM Voltage

Sourcelnverter

IGEL Livne 43S (NARMA-L2) Gadl) 138 assy o2y peaall &l jhaiid) maail e jla
oo Gl 21l a8 (315 3V 31 adai e Zalaal) Aala)) jlapeS i 305 dpclihaial) dyuasl)
Dlsias Ul ol S5 A6 0,18 ssb sl Gads LY e S Cua dilida g 52
Lganzay 4l sl o smnil) (3 camdalinall Jlaal) dagdl ) Eiul ae 991 e B L1 i) Alla i Uadll

1-Introduction:

Variable speed industrial
applications were used D.C. motors as
apowerful drives, because of its strong
operation characteristics like simple
controller and fast response [1],
whereas, A.C. motors were considered
as a constant speed drive if operated at
constant voltage and frequency, except
a few specia types of variable speed
A.C. motors. But in the last two or
three decades, an extensive research
and development efforts have be seen
to use A.C. motor drives technology
because of many  economica
advantages of A.C. motors like: low
cost, low inertia, low maintenance,
light weight and have no commutation
and brushes problems. For these
features A.C. drives arereplacing D.C.
drives and they are used in many
industrial and domestic applications
[1, 2].

2- Speed Control of
Motor:

The main popular used methods
of speed control of 1.M. are:

1- Variation of applied voltage.
2- Variation of supply frequency.

Induction

3- Vaidaion of stator circuit
parameters.
4-  Variation of rotor circuit
parameters.

5- Constant (V/f) variation.

The most popular method used
in industria applications is the
constant (V/f) control [1, 2], in which
the applied voltage "V' and
frequency 'f* are varied in the same
ratio to maintain the air gap flux at its
rated value o=V, /kw =V /KT (Where:
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Vm is the induced EMF, "w" is the
speed, “f” is the frequency). Since,
controlling the induced EMF "V,," is
difficult, the applied voltage "Vi,"
can be controlled to get
gpproximately constant air gap flux.
By ignoring the effect of stator
resistance the maximum torque with
variation voltage and frequency:

s 22
Tm= 3vin” -0
2w, LA ® (X + X,)?
2
Ve const. ..(2)
2w,(Xs +X,) -
Where:
14 f L .
o = variationratio

L’;'EI‘EE Jﬁ'ursd
Fig. (1) illustrated the speed torque
characteristic of the I.M. at different
variation steps (o). From these curves
three operation regions can be

verified [1, 2]:
i- Field weakening region-1:
Unfortunately, the effect of

stator resistance at low speed region
(0%—20% of rated speed) can not be
neglected, because of the high
percentage voltage drop reduces the
induced EMF, flux and torque (dotted
curve in fig.1). Thus, in this region
it's essentiadl to compensate the
voltage drop by using additiona
posting voltage to restore the
maximum torque to its rated value
[3].
ii- Congtant torque region:

This region spreads from
(20%—100%) of rated speed in
which the air gap flux, stator current,

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal,Vol.28, No.12, 2010

Artificial Neural Control of 3-Phase Induction
Motor Slip Regulation Using SPWM Voltage

Sourcelnverter

dip and torque maintain constant at
rated values[3].
iii- Field weakening region-2:

In this region the applied voltage
be saturated and the variation being
only in frequency causing reduction
in stator current and air gap flux [3].
3- Variable (VIf) Inverter:

The first generation of A.C.
drives used square-wave inverters as
speed controlled of low- and medium-
power 1.M., which consists of
controllable A.C. to D.C. converter
stage, produces variable D.C. link,
which is fed to D.C. to A.C. inverter
stage to produce vaiable frequency
square-wave output voltage [4]. After
developments in power electronic

technol ogy and power
semiconductors, pulse width
modulation  (PMW)  technology

appears, which minimized the size of
the inverter and harmonics contained
in the output voltage. In PWM the
D.C. link kept constant by a front end
diodes bridges, where both output
voltage and frequency can be
controlled within the inverter stage by
switched the power semiconductors
"on" and "off" at certain period time
to generate variable output voltage
and frequency. The most commonly
PWM techniques are[1, 3]:

1- Sinusoidal PWM.

2- Selected harmonic elimination
(SHE) PWM.

3- Hysteresis band current control
PWM.

4- Delta modulation.

5- Space vector (SVPWM).

31 SPWM Voltage Source
Inverter:

Voltage source inverter (VSI)
should have a stiff source at the input,
that is, its Thevenin impedance
ideally is zero. Thus, alarge capacitor
can be connected at the input if the
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voltage source is not stiff. Fig. (2)
shows a practical (VSI) consist of
power bridge devices with three
output legs, each consist of two
power switches and two freewheeling
diodes, the inverter is supplied from
D.C. voltage source via LC or C
filter. In sinusoidal PWM the three
output legs considered as three
independent push-pull amplifiers. The
gating signals of each push-pull stage
generated by comparing a constant
level triangle signal of frequency ( §)
called "carrier signa"”, with 3-phase
sinusoidal signals of frequency ( f)
called ”reference sgnas", which has
variable amplitude to get the desired
output voltage, this comparison leads
to generate a sequence of variable
width pulses used to gating each
switch in the push-pull stage. Fig. (3)
illustrates the principles of SPWM,;
gating signals, phase voltage, and line
voltage[1].

The output phase voltage:

Va4 = is the output phase voltage
measured to the center of the input
D.C. voltage.

Va = is the output phase voltage
measured to isolated neutral of three-
phase load such as induction motor.
Where:

é\/anl\;l é2 -1 -1o é\/aol:l
ua_,é ua §, 0

gvbn ﬂ_%é- 1 2 - 1[] gvbo 0(3)

ol &1 -1 28 &

Vo = 0.5mV4 sin(wt)+high-frequency (M
toe = New) [1] 4
Where: « = fundamenta frequency;
we = carrier frequency; M and N are
integers and M+N =odd,
m=modulation index is defined as :

Ve
\VA

Where: Vp
signd, V1 =

= peak of modulating
peak of triangle signal.
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At m= 1, the maximum vaue of
fundamental peak = 0.5Vy which is
78.54% of the peak fundamentd

voltage of the square-wave (2V, /P)

which called the linear modulation
region. To further increase the
amplitude of the output voltage , the
amplitude of the modulating signals
exceeds the amplitude of the carrier
signa which leads to enter into quasi-
PWM region called "over modulating
region" causing increase in the low
order harmonics. Further increasing
modulation index tends to obtain
square wave at maximum possible

output fundamental (2, /p) [1].

3-2 SPWM Inverter simulation:

By using MATLAB/SIMULINK
PROGRAM, the SPWM inverter can
be simulated, firstly generation of the
carrier triangle signal and the three
modulating signals by using internd
timer and the rated frequency (50 H)
to obtain the angular speed (wt), then
multiplying the angular speed and the
amplitude of the signa by the
frequency command (fm) and
voltage command (V com)
respectively. Secondly, compared the
two signa sets to generate the
switching signals of three switches
used as three push-pull devices. The
output of the switches gives (Va, Vo,
V) then the three phase to load
neutrl  (Van, Von, V&) can be
achieved by implementing equation
(1). Fig. (4) illustrated the complete
simulation of SPWM inverter, and the
output phase voltage can be shown in
fig. (5) for linear modulation region
and over modulation region.
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4- Modeling and Simulation of 3-
phasel.M.:

The mathematical representation
of an induction motor can be looked
on as transformer with moving
secondary  winding, where the
coupling coefficients between the
stator and rotor phases change
continuously with the change of rotor
position [1, 3]. The machine model
can be described by differentid
equation with time varying mutua
inductances, but such model tends to
be very complex. Therefore, axis
transformation is applied to transfer
the three phase parameters (voltage,
current and flux) to two-axis frame
caled (dg-axis stationary frame or
park transformation). Park
transformation is applied to refer the
stator variables to a synchronously
rotating reference frame fixed in the
rotor, by such transformation the
stator and rotor parameters rotate in
synchronous speed and all simulated
variables in the stationary frame
gopear as d.c. quantities in the
synchronously  rotating reference
frame[1, 3].

The per-phase equivaent circuit
diagram of an I.M. in two- axis
synchronously  rotating reference
frame areillustrated in fig. (6). From
the circuit diagram the following
equations can be written [1]:

e Stator equation:

e . e dqu
Vqs :Rs|qS +T+WYdS ........... (6)

e_pi e, dY
Vds = Rslds + dtds - WquS .......... (7)
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e Rotor equation:

e_p;: e dqu
Vqr _qur + +(We_ VVr)Ydr

dt
)
Vdre = I:eridre + der - (We - \Nr)YQr
dt
e

It's obvioudly that in squirrel cage .M
Vq=0, then the pervious equation
can be

rewritten:

dqu e e
pm =V - R - WY ---(10)

dY o
dt

=V, - Rig +W,Y q....(10)

e

dqu . e
dt =- erqr - (We' Wr)Ydr(lz)

dztdr - Rridre +(We _ Wr)qu(13)

The development torque by
interaction of air gap flux and rotor
current can be found as:

T=(32)(PR)¥, X 1,

By resolving the variables into d-
g° components:

Te=(32)(PI2) (Yados - Yodas)

The dynamic torque equation of

the rotor:
2. . 4w

T. = + (— Lo

=TI e (16)
Where: ¢y = is the dectrica rotor
speed; P. no. of poles, J= rotor
inertia; T.= load torque.
The stator current can be found by:
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Theair gap flux :

— I‘ml I‘ml
qu —L—YqS+L—Yqr ........ 19
Lm Lm
Ydm:L_:YdS-‘_L_rler ....... (20)
Where:
L, = L (21
ml 1 1 1.7
(=)
L L L

From the pervious equations the
dynamic model of an induction motor
issimulated as shown in fig. (7).

5- Open Loop |.M. Drive:

The open loop volt/H, control of
an induction motor is the most
popular method of speed control
because of its smplicity. This type of
A.C. drive consists of variable-
voltage variable-frequency inverter
such as SPWM inverter, which is
connected directly to an induction
motor. The speed command signa
(wZ) controls both voltage and
frequency without any feedback
signa or monitoring to the motor
quantities like current, speed, torque
or flux. As the frequency becomes
small a low speed, the stator
resistance tends to absorb the mgjor
amount of the stator voltage thus
weakening the flux, a boost voltage
(Vo) is added so that the rated flux,
and corresponding full-load torque
become available down to zero speed
[1]. Fig. (8) lllustrates the overal

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal,Vol.28, No.12, 2010

Artificial Neural Control of 3-Phase Induction
Motor Slip Regulation Using SPWM Voltage

Sourcelnverter

open loop system simulation which
couples the SPWM mode with the
.M. model. The used squirrel cage
induction motor name plateis:

3-ph .M, 380 v., 2.2 kw, 2 poles, 50
Hz, L= 136 mH, L= 114 mH,
R<=2.3 Q, R= 34 Q, rotor inertia=
45107 kg/n?.

The operation performance for
different speed commands at full-load
isshown in fig. (11). By studying the
behavior of the motor speed, torque
and flux the following notes can be
recorded:

- The rotor speed at full-load less the
commands speed for different speed

commands by small slip (W )which

increases in the field weakening
regions.

- The air gap flux varies with speed
variation, which causes reduction in
operation torque.

Therefore, to improve system
performance and get exact operating
speed with constant air gap flux, close
loop control must be implemented
[4].

6- Pl controller
Regulation:

The closed loop control of A.C.
drives is some what complex, and the
complexity increases if  high
performance is demanded. There are
wide studies and researches concern
with several types of |.M. speed
control. The main control techniques
including scalar control, vector or
field oriented control, direct torque
and flux control, adaptive control, and
intelligent control. The simplest and
popular used method is scalar dlip
regulation of rotor speed, in which the
actual rotor speed measured by means
of tacho-meter [2, 4]. The difference

with  Slip

between the command speed (We*)
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and the actual rotor speed (W,) gives

the slip speed (W, )which added to

the rotor speed through proportional-
integral (PI) controller to obtain new
speed command fed to the inverter.
With step-up speed command the
motor accelerates freely with a dip
limit that corresponds to the torque
limit, and then settles down to steady
vaue. With step-down  speed
command the drive goes into
regenerative or dynamic breaking
mode and decelerates with constant

negative slip(-W,). The overal PI

controller system simulation is
illustrated in fig. (9), by trial and error
the proportional gain (K,) and
integral gain (Kj) selected as (Ky=1,
Ki=2). The operation performance of
different speed commands are shown
in fig. (12). From these results the
following notes can be recorded:

- The rotor speed exceeds the
command value in the transient
response by big overshoot vaue
gpproximately equal to ( 20% ).

- The settling time of the rotor speeds
until  reaches the steady date
gpproximately equal to (0.5 sec.).

- Thereisasmall deviation of air gap
flux during speed variation steps,
which causes torque fluctuation.

7- Neural Controller with Slip
Regulation:

Neural networks have been
goplied very successfully in the
identification and control of dynamic
systems [4, 5]. The universa
gpproximation capabilities of the
multilayer perception make it a
popular  choice for modeling
nonlinear systems and for
implementing general-purpose
nonlinear controllers[5].
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There are three popular neural
network architectures for prediction

and control that have been
implemented in the Neura Network
Toolbox [6]:

*Modd Predictive Contral.
*NARMA-L2 (or Feedback
Linearization) Contral.

*Moded Reference Control.
NARMA-L2 (Nonlinear
Autoregressve-Moving Average)

neural controller requires the least
computation and it's smply a
rearrangement of the neural network
plant model, which istrained off-line,
in batch form. The only online
computation is a forward pass
through the neural network controller.
The drawback of this method is that
the plant must either be in companion
form, or be capable of approximation
by a companion form model (called
NARMA-L2) [6, 7].

In this paper the NARMA-L2
neural controller is chosen to adapt
the control signal of the A.C drive.
The architecture of the NNC is
consist of two neural networks (f-
NNC and g-NNC), each of them is
consist of two input neurons
(command input signa and feedback
signal) and one output neuron. The
number of hidden layers of each
network is seven layers with two
input and three output delayed steps.
The training of the neural networks
can be done by using large number of
discrete plant input data involve
random speed command steps with
random durations, and plant open
loop response of these input data
Input and output data sets are used to
training the two neura networks (f)
and (g), then the output of f-Network
subtract from the next speed
command to generate predictive error
signa which divided by the output of
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g-Network to obtain fina new speed
command fed to the plant. The neurd
network architecture is illustrated in
fig.(12) and the overdl system
simulation is shown in fig. (13). The
neural network training doing by
using Levenberg-Maguardt Back
propagation  algorithm, to obtain
mean square error (MSE) about 510
®the training data divided into three
gropes. one haf of the data for
training set, one fourth for validation
set and one fourth for the test set. The
training data, training procedure and
training error (MSE) can be shown in
fig. (14). The operation performance
of different speed command steps is
shown in fig. (15-a@), and output
performance under load condition is
shown in fig. (15-b). And the
accuracy performance of the ANN for
speed range 0-140% of rated speed is
illustrated in fig. (16).

From these results the following notes
can be recorded.

- The rotor speed exactly equal to the
command speed for different
variation steps.

- There is no overshoot occur in the
transient response.

- The motor has excdlent
performance in different step-up and
step-down steps, dso in the field
weakening regions.

- The air gap flux gives an excdlent
and unexpected performance in
different speed variation steps, and it
behaves as same as fied oriented
control or flux control method.

8- Conclusions

In this paper the conclusions of
this work is summarized in three
steps as following:
1- In open loop (volt/Hz) controller
the motor speed, torque and flux is
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not exactly equal to the desired
values.

2- The performance of
controller gives:

e Risetime: 0.05 sec. (good).
e Settling time: 0.5 sec. (poor).

e Maximum overshot: 20% (poor).

e Steady state error: 0% in constant
torque regions (very good), and 15%
in field weakening regions (poor).

e The value of the air gap flux varies
with speed variation steps (poor).

3- Neura Network  Controller
proposes an excellent performance as
follow:

e Risetime: 0.18 sec. (poor).

e settling time: 0.18 sec. (very good).
e Maximum overshot: 0% (very
good).

e Steady state error: 0% in constant
torque regions (very good), 1% in
field weakening regions (good).

e Approximately constant air gap
flux in different speed variaion steps

the Pl

(good).
Therefore, it can be used successfully
instead of complex controller

methods like field oriented or flux

controller.

9- References:

[1] Bimal K. Bose, “ Modern Power
Electronic and AC Drives’,
Prentice Hall, 2002.

[2] Muhammed H. Rashid, “ Power
Electronics, Circuits, Derives and
applications”, Pearson Education
Inc. 2004.

[3] Fadhil A. Hassan, “Modeling And
Implementation of SYPWM Driver
of 3-Phase Induction Motor’,
Ms.c. thesis, University of
Technology, Irag, 2008.

[4] Wang Dazhi, Wang Zhenlei, Gu
Shusheng, “ldentification and
Control of Induction Motor Using
Artificial Neural Network’, 1EEE,
Page: 751-754, 2005, chine.

2399

[5] Yushaizad Yusof, Abdul Halim
Mohd, “Smulation and Modeling
of Sator Flux Estimator for
Induction Motor Using Artificial
Neural Network  Technique’,
|EEE, 2003.

[6] Howard Demuth, Mark Bedle,
“Neural Network  ToolboXx’,
Copyright 1992-2004 by the Math
Work, Inc.

[7] Lina J. Rashad, “Excitation and
Governing Control of A Power
Generation Based Intelligent
Systen?’, Ms.c. thesis, University
of Technology, Irag, 2008.

20 05 Ly [N 2.5 spoedipe)

Figure (1) Speed torque
characteristic of (V/f) control.

L

X Z
Three phasi

Tnpur

o J%} QJJ% QSJ%
7 "1 three-phase
'C

Qutput

—

5

A & & J

Q6 Q!

bt

ki
Power MOSFETS bridge

3-phase rectifier LCﬁTter

Figure (2) 3-phase voltage sour ce
inverter.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal,Vol.28, No.12, 2010 Artificial Neural Control of 3-Phase Induction
Motor Slip Regulation Using SPWM Voltage
Sourcelnverter

SRR
InEEE
A Tl
-

Figure (3) SPWM principles.

Figure (6) g>-d° .M equivalent
circuit.

Figure (4) SPWM Simulation.

var g

Wiy,

=

(LT

v

QMMWWWWMMWWWW

="

?WWWMMMWWWWWWWWWMMMWW

Flgure(5) Linear region output
phase voltage.

2400

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal,Vol.28, No.12, 2010, Artificial Neural Control of 3-Phase Induction
Motor Slip Regulation Using SPWM Voltage
Sourcelnverter

= b
1iLg] Te-TL
—;.—' i . awildt[ 1
Integrators  LmiiLs o @ LTe b_, I » (]
'B—r ™ =1 Spes

£ Gain3

<l
~d
7
3 b’
Lntilst

| _ & b‘
;:ED—P st
e I

| :
5
:-—»: 1—».—5
Producty Integratord g Lntirt

Volage Command

T

Freguetscy commanid

Figure (8) Open loop speed control system.

2401

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal,Vol.28, No.12, 2010, Artificial Neural Control of 3-Phase Induction
Motor Slip Regulation Using SPWM Voltage
Source lnverter

H p
o _r.l_.l._ B a1 s a— h
i, 1 y . F .
S B ! T A #
| =—r— - = |.' __n_ .T_‘.
ey I |
— N e sy
e i LT it
= l_ :-'H :_ "I."'l- J 1 _.IFH ’
1, \ Lt o i
- A T -. e o
RN B =LA LR . L
£ bt = g —E"L | I P B I 1.2,
! | 1o i Y LT' T
I

N =< o i
s G T
T —

Lol
- b 5 !
! %]

“® -
ko
L]
K
4
e
_—F\
L

e q%k_ _.J
]

.+|T—_4_

—_—
5
X
—_—

A
r‘. I-—l
—|h—"'¥"|—
|

L. 3 TIeL BR
k
b .

T -5 ;

! I :

¥ g -F y, g
| ko)
B e NS
E /,’ f= \\\ <I g
TR z O
E‘ [ : & /’ < E
8 ‘\\ I = ’/ =z 8
E \i L _ s zZ

1 L l_[_ =
Figure (9) PI speed controller sysem Figure (10) Neural controller system
simulation.
2402

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal,Vol.28, No.12, 2010, Artificial Neural Control of 3-Phase Induction
Motor Slip Regulation Using SPWM Voltage
Sourcelnverter

....... - won o (e

]

! I'q. fi i i =

° : ) ! ' I“ -y -

N o Figure (14-a) Training data.
.- " ".-*-.-'\-Wn"""""""" et
|I L]

I
(@]
[
=
D
b~
[
=
N—
ol
E
Q
o
(=]
§®)
Q
—
o
=
§
Q
D

e Pow--

. Figure (14-b) Validation data.

. et [
e i
R R daraa R S 'W.II.‘\-"-.'--—-
i
x i
- ]
o
b - H Tyl
1em e g
. - "
Ll

| ".“-ﬂ-.j- " ' I'Ms }'Ir' .'h

TR M Pt .Il-,'A-\.-- we e

[ ' AR o :
af ‘ s pR

C e e b Figure (14-c) Testing data.

Figure(12) Pl control perfor mance.

B Lo e b b T Bt
-

Training Perfor mance 5+ 16

<

e,

#’U‘ f :
:l fin

e [oR ¥
bR g
g
=

”-T-“u
e
X -

i Bt A esene !

Figure (13) NARMA-L 2 ar chitecture. Figure (14-d) Training M SE.

2403

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal,Vol.28, No.12, 2010, Artificial Neural Control of 3-Phase Induction
Motor Slip Regulation Using SPWM Voltage
Sourcelnverter

Accuracy Performance for ANN
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6
ANN Output (p.u.)

= s mowm O Figure (16) Accuracy performance for
ANN.
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Figure (15-a) Neural control
performance.
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Figure (15-b) Neural performance
under load condition.
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