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Abstract- This paper describes the validation of a 
complete dynamic model of the induction motor, with 
an indirect rotor flux oriented vector controller using 
SIMULINK. This model is developed, with a view to 
studying the efsects of parameter variations in a vector 
controlled drive, and to develop parameter estimators 
using Artijkial Neural Networks and Fuzzy/Fuzzy 
Neural principles. The SIMULINK model developed , 
simulates the dynamic model of three phase induction 
motor together with the inverter and the total control 
system. 

1. Introduction 

Simulation of a three phase induction motor and its 
associated vector control schemes are well 
documented in the literature[2x31. However, these 
models lack the ability to benefit from the power of 
development systems which allow interfacing to ANN 
and Fuzzy controller based modules into these models. 
Available dynamic models are based on the Pspice or 
Simnon or some other platform which do not have 
development capabilities for ANN and fuzzy systems. 
Available SIMULINK based models do include the 
dynamic of the inverter or the current controller which 
are supplied from pulse-width modulated inverters. 

In recent years, ANN and fuzzy systems are 
becoming increasingly important in estimating machine 
parameters and incorporating these in high- 
performance controllers for induction motor drive. The 
incorporation of the rotor time constant estimator in a 
rotor flux oriented drive is an example. Traditional 
model based approaches for parameter identification of 
the induction motor are difficult to adopt since the 
techniques, which are based on linear systems do not 
apply well for the highly non linear induction motor. 
Consequently, great difficulties are faced especially 
when extensive changes in parameters are to be 
tracked. These problems are minimized to a great 
extent, when a complete model is available in 
SIMULINK. This then allows the considerable power 
of Matlab based development tools for ANN and fuzzy 
systems to be used. The work reported in this paper 

was carried out with a view to meet this goal. The 
complete model for separate functional blocks are 
developed and integrated together, easing the 
debugging process in tracking the changes in the 
parameter. 

2. Modeling of the Drive 

To study the effects of parameter variations in an 
induction motor drive running under rotor flux 
orientation , with a fuzzy, fuzzy-neural or an artificial 
neural networks based estim,ators, and to develop a 
suitable controller, extensive simulations are necessary 
in that environment. Matlab Neural Network Toolbox 
and FuzzyTech softwares[".'] were found to have 
adequate capacity to develop these types of models. 
The models developed with ;SlMULINK possess very 
good interface and debuggin0 options with the above 
toolboxes. There exist, as in SIMULINK models 
which assume ideal supplies. These models ignore the 
inverter and, and therefore is not suitable for a VSI fed 
induction motor drive. 

The dynamic model of an induction motor in a 
stationary frame of reference, as shown in fig 1.0 can 
bewrittenasin(1)-(10) 
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Fig 1. dq equivalent circuit of induction motor in 
stationary reference frame. (a) d-axis circuit (b) q- 

axis circuit. 
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where the stator currents iSds , i sqs, stator voltages vs ds, 

vs qs , rotor currents irdr , i IQr and rotor voltages vr dr, v’ qr, 
3. The Experimental set up 

are in the stator reference kame. 

d 
dt 

v y.T = r., i J qv + - (1 y,v ) 

Here t, is the electromagnetic torque developed and tL 
is the load torque. 

The SIMULINK model used in this paper, models the 
induction motor as a continuous system for its dynamic 
equivalent circuit[2]. The IGBT inverter is also 
modeled with an SPWM inverter with a switching 
frequency of 6.26kHz, the on-state voltage drops are 
neglected in the SIMULINK model. The vector control 
system was modeled with two separate sampling 
intervals, 150 pseconds for the current controllers and 
750 pseconds for the speed controllers. The 
ode45(Dormand-Prince) solver was used for running 
the simulations. Fig 2.0 shows the block diagram of 
the SIMULINK model which has been developed. 

The SIMULNK model developed was used for 
predicting the dynamic performance for a 1.1 kW, ABB 
make three phase induction motor. The parameters of 
the motor was experimentally determined from both 
no-load and blocked rotor tests. 

The vector controller was built with an IGBT 
inverter , running with a 4 15V, 50Hz input supply. The 
inverter had a switching frequency of 6.26 kHz. The 
control system is in software, using a DSI 102 DSP 
controller card with Texas Instruments 32-bit floating 
point DSP TMS320C31 at 60 MHz. The induction 
motor was loaded with a permanent magnet DC motor 
coupled to the induction motor. 

4.Results and Discussion 

The modeling and experimental results of figures 2 
and 3 compare a few drive transients. The top traces in 
figures 2 and 3 are for speed when the motor is driven 
with bi-direction speed references. The speed reference 
consists of acceleration and deceleration ramps to and 
from a top speed of k 1000 redmin. The drive 
technique in either case is the indirect rotor flux 
oriented vector controller. 

The middle traces in figures 2 and 3 are the dynamic 
torque responses from the simulation model and the 
experiment .The torque response in experiment actually 
from an on-line computation using measured 

Fig 2.0 Schematic of the rotor-flux oriented control of a voltage 
source inverter -fed induction motor drive 
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Fig 3. Simulation Results for four 
quadrant operation - N o  Load 

currents and a dynamic model of the machine in the 
synchronous reference frame. The bottom traces in 
figures 3 and 4 are the the rotor fluxes The 
experimental result on the rotor flux is also computed 
on-line using stator currents and the machine model in 
the synchronous reference frame. Clearly very good 
agreements between experimental and modeling results 
are achieved. 

Figures 5 and 6 show the simulation and 
experimental results of the drive dynamics when 
a step load of 5.5 Nm is suddenly applied to the motor 
shaft. The top trace in fiigure 5 shows the step input of 
load torque in simulation and the middle and the 
bottom traces indicate its effects on the speed and the 
rotor flux In the actual experiment, the step load 
torque of the same amplitude is applied by a dc 
generator. The generator load is switched on at t = 0.22 
sec. This load is however subject to the electrical time 
constant of the generator. The top trace in figure 6 
indicates the electromagnetic torque of the induction 
motor computed from the measured stator currents and 
the machine model in the synchronous reference frame. 
The middle and the bottom traces of figure 6 show the 
effects of the load lorque on motor speed and the rotor 
flux. The latter is obtained using the measured stator 
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Fig 4. Experimental Results for four 
quadrant operation -- No Load 

currents and the machine model in the synchronous 
reference frame. The modelling and the experimental 
results are in good agreement. 

Figure 7 and 8 indicate the: dynamic responses of 
torque, speed and rotor flux when a load of 5.5 Nm is 
abruptly removed. Again the responses from the model 
and from the experiment are in good agreement. 

5. Conclusion 

The SIMULINK models of the three phase induction 
motor with a SPWM inverter drive, together with the 
vector controller have been dleveloped. These models 
have been tested and validated with experimental 
measurements. Results from both are in agreement 
with the experimental results obtained. These models 
have been developed for further investigations of 
machine parameter tracking using interfaces with 
MATLAB Neural Network and FuzzyTech Fuzzy and 
Fuzzy-neural models. 
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Fig 5. Simulation Results for a step 
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Appendix 

Induction Motor Data: 

Stator Leakage Inductance LI, 
Rotor Resistance R, 

I 29.9 mH 
I 6.085 R 

I Rotor Leakage Inductance L,, I 29.9 mH 
Magnetizing Inductance L, 
Moment of Inertia JT 

[ 489.3 mH 
I 0.00488Kgm2 

1500 

1000 

500 

‘0 005 01 015 02 025 03 035 04 
Fluxwb Time in Second 

1 0  

08 

06 

0 4  

02 

‘ 0  005 01 015 02 025 0 3  035 04 
Time in Second 

Fig 6. Experimental results for a 
step load-on of 5.5“ 

References 

[ l ]  Chee -Mun Ong , Dynamic Simulations of 
Electric Machinery using MATLAB 1 

[51 

171 

,287 - 

SIMULINK, Prentice-Hall , 1998. 
B.K.Bose, “Power Electronics and AC Drives”, 
Prentice Hall, 1986. 
W.Leonhard, Control of Electric Drives”, 
Springer-Verlag , 1995. 
P.Vas, “ Artificial-Intelligence-Based 
Electrical Machines and Drives”, Oxford 
University Press, 1999. 
K.L.Shi, T.F.Chan and Y.K. Wong, Modeling 
of the three-phase Induction Motor using 
SIMULINK, IEEE Intemational Electrical 
Machines and Drives Conference IEMDC 97, 
Wisconsin ,USA,May 18-21,1997, pp WB3-6.1 - 

Ba-Razzouk, A.Cheriti and G.Olivier, A Neural 
Network Based Field Oriented Control Scheme 
for Induction Motors, IEEE IAS Conference 
Record 1997, pp 804-81 1. 
S.Beirke, “Enhanced hzzy  controlled ac motor 
using DSP, Embedded systems conference, San 
Jose, USA, 1995, 545-53. 

WB3-6.3. 

Authorized licensed use limited to: Iraq Virtual Science Library. Downloaded on January 22, 2009 at 03:30 from IEEE Xplore.  Restrictions apply.



Torque, Nm 

1500 

1000 

500 

Torque Nm 

7 

6 

5 

4 

3 

2 

1 

' 0  005 0 1  0 1 5  0:' 0 2 5  0 3  0 3 5  0 4  
Time in Second 

Speed RPM 

~ 

7 

6 

5 

4 

3 

2 

1 

'02 025 0 3  0 3 5  0 4  0 4 5  0 5  055 0 6  
Time in Second 

Speed, RPM 

Time in Second 
Rotor Flux. Wb 

1 0  

0 8  

0 6  

0 4  

0 2  

'02 025 0 3  0 3 5  0 4  045 0 5  0 5 5  0 6  
Time in Second 

Fig 7 Simulation Results for a step load -off 
of 5.5 Nm 

,wb Time in Second 

1 0  

0 8  

0 6  

0 4  

0 2  

'0 005 0 1  0 1 5  0 2  025 0 3  0 3 5  0 4  

Time irl Second 

Fig 8. Simulation Results for a step load -off 
of 5.5 Nm 

- 288 - 

Authorized licensed use limited to: Iraq Virtual Science Library. Downloaded on January 22, 2009 at 03:30 from IEEE Xplore.  Restrictions apply.


