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Abstract � The paper presents some simulated and 
experimental results showing the dynamic performance 
of an induction motor driven by an alternative method 
of vector control. It includes the dynamic response to 
change in speed and to change in load under both tuned 
and detuned operation. Two sets of reference speeds (a 
square and a sine wave) are used for no load operation 
and a load system is used to apply load torque to the 
induction motor at any speed. The simulated results 
demonstrate the validity of the system model, which 
was developed in the Matlab/ Simulink    environment, 
and  the experimental results show the rapid dynamic 
response of the implemented vector control method, as 
expected from a well adjusted vector control scheme.  
 

I. INTRODUCTION 

 
The difference between the so-called alternative method 

of vector control for induction motor [1, 2 and 3] and the 
standard method [4, 5] is that the former does not make use 
of the absolute position of any flux-linkage (rotor, stator 
nor air-gap flux-linkage). Instead, it makes use of the 
relative position ξ between the absolute position of the 
rotor flux- linkage vector rψ�  and the stator current vector 

si
�

, as shown in Fig. 1.  

 

 

 

 

 

 

 

 

 
 

 
The flux and torque components of the stator current 

vector, respectively ids and iqs, are used together with the 
rotor time constant τr to process the magnitude Is (1), the 

phase, or relative position, ξ (2) and the slip frequency ωsl 
(3) of the stator current vector. 

 

22
qsdss iiI +=  (1) 

�
�

�

�
�
�

�

�
=

ds

qs

i

i
arctanξ  (2) 

ds

qs

r
sl i

i

τ
ω 1=  (3) 

 
The slip frequency added to the rotor speed ωr, results in 

the synchronous speed, or stator frequency ωs, which is 
used together with the magnitude and phase of the stator 
current vector to generate the three instantaneous stator 
reference currents (4) from digitally stored sine waves [1].  
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where �= dtss ωθ  

 

The generation process of the three instantaneous stator 
reference currents is better understood with the aid of 
Fig.2. This EPROM unit was part of the implemented 
vector control scheme. 
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Fig. 1: Rotor flux-linkage and its components 
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Fig. 2: Instantaneous stator current generation 
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The stator current magnitude Is, obtained from (1), is 
used as a multiplier at the output of the digital to analogue 
converter. The stator frequency ωs is used to provide the 
frequency of reading (EPROM clock frequency) and the 
relative position ξ  provides the necessary jump in the 
reading address of the EPROMs. At steady state, these 
three variables Is, ξ  and  ωs are constant values, which 
results in three instantaneous reference currents with 
constant magnitude and frequency. When any change is 
called for, through the torque component of the stator 
current, the three referred variables change together, so 
that the magnitude, the frequency and the phase of the 
stator current are quickly adjusted to the new operating 
condition. It should be stressed that the phase change is 
accomplished by changing the address of the EPROM 
reading, without any need of the absolute position of the 
rotor flux. 

Back to Fig. 1, it also shows the triangle of the rotor 
flux-linkage defined by expression (5), where the 

components smiL
�

 and rr iL
�

 are, respectively, the vectors 

of the mutual flux and rotor self-flux (Lm is the 
magnetising inductance and Lr is the rotor self-inductance). 
 

rrsmr iLiL
��

�

+=ψ  (5) 

 
At steady state these three vectors always form a right-

angled triangle, with the mutual flux as hypotenuse. The 
motor torque (6) is proportional to the product of rotor 
flux-linkage and the torque component of the stator current 
and, so, it is proportional to the rotor flux triangle area. 
 

qsre ikT ψ=  (6) 

 
The analysis will show that under a correctly tuned 

vector control algorithm, the magnitude, the position and 
the speed of the stator current vector change quickly, as a 
result of a rapid change in the rotor current keeping 
constant the rotor flux-linkage.  

The simulation is performed supposing rated rotor flux-
linkage, which means rms value of the flux component of 

the stator current equal to 2.5 A (ids = 2.5 2 A). The 
torque component of the stator current is chosen such as to 
have maximum motor torque equal to 21.7 Nm. The inertia 
of the complete system is 0.0575 kg.m2. The experimental 
results were obtained using a 3-phase, 3.0 kW, 50 Hz, 220-
240/380-415 V, 11.2 /6.5 A, 1420 rpm induction motor 
coupled to a dc machine with field of 110 V / 1.0 A - 0.4 
A, and armature of 110 V / 27.3 A, 1500 rpm. 

 
II. DYNAMIC PERFORMANCE 

 

The Simulink  model of the vector controlled induction 
motor is shown in Fig. 3. The necessary reference speed 
and load torque are appropriately generated by specific 
blocks. The reference speed block is able to generate 
square and sine waves at any frequency and magnitude. 

 

 

  

 

 

 

 

 

 

 

The load block allows that load torque be applied and 
removed at any predefined time. The complete system 
operates with an inner current loop and an outer speed loop 
both with PI controllers. The output of the speed controller 
is the torque component of the stator current, which is 
used, together with the flux component of the stator current 
to generate from expressions (1), (2) and (3) the 
magnitude, the phase and the slip frequency of the 
instantaneous stator reference currents. Every time the 
reference speed or the load torque changes, the torque 
component changes and, consequently, will change the 
three referred variables. The power amplifier is considered 
to be ideal and the saturation effects are neglected. 
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Fig. 3: Complete Simulink  model 
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Fig. 4:  (a) Simulated and (b) experimental results showing the actual 
stator current ic, the square wave reference speed ωr

* and the actual 
speed ωr, with correct rotor time constant (190 ms) 
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Fig. 4a and Fig. 4b show respectively the simulated and 
the experimental results for a square wave reference speed, 
whose frequency is 0.5 Hz and whose magnitude changes 
between -360 rpm and 360 rpm. The upper trace represents 
one of the instantaneous stator currents (A), the middle 
trace represents the reference speed (rpm) and the lower 
trace represents the actual speed (rpm). 

The results show the close similarity between the 
simulated and the experimental results, which validates the 
adopted simulation system. The experimental results show 
that the implemented alternative method of vector control 
responds quickly and linearly to a speed change demand. 
The current profile presents a constant magnitude 
throughout the period of constant reference speed and the 
speed profile shows a linear variation during the 
accelerating and the decelerating periods, which indicates a 
constant motor torque. The increase and decrease times of 
the actual speed are about 180 ms, as expected from 
theoretical calculation. 

The same approach is used for a sine wave reference 
speed (Fig. 5) that changes between -360 rpm and 360 rpm 
at a 0.5 Hz rate. The speed profiles show that the actual 
speed (lower trace) follows accurately the reference speed 
(middle trace) in both the simulated and the experimental 
results. Again the alternative vector control method 
presented a high dynamic performance. 

 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

 

 

 

 

 

 

 

 
 

 

 
Fig. 6 illustrates the operation under load condition. It 
shows the simulated and experimental results for the 

induction motor operating at zero speed (closed loop 
operation) when a sudden 10 Nm load is applied to the 
motor. 

 
 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The stator current profile in Fig. 6 shows that initially 
the motor was at rest and without load (dc magnetising 
current). When the load is applied the motor reacts with a 
sudden variation in current such as to produce a motor 
torque that matches the load torque. The sudden reaction 
does not cause any undesirable oscillation in the current 
nor in the speed profile, as expected from a vector control 
system. 
 

III. DETUNED OPERATION 

 
Before carry out the analyses under detuned condition, 

some arrangements are necessary in expression (3) of the 
slip frequency. If an incorrect commanded value for the 
rotor time constant [τr(command)] is used in the control 
algorithm, it will lead to an incorrect command for the slip 
frequency [ωsl(command)] imposed to the machine. Although 
this incorrect slip frequency is imposed to the machine, the 
actual rotor time constant [τr(actual)] is not changed. Thus, 
the machine moves toward a new steady state condition in 
which the ratio between the actual torque component and 
the actual flux component (iqs/ids)actual is different from its 
commanded value and is given by (7).  
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Fig. 5:  (a) Simulated and (b) experimental results for a sine wave 
reference speed ωr

* with correct rotor time constant 

1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5
-100

-50

0

50

100

time (s) 

1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5

0

10

1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5
-10

-5

0

5

10

(a)

10 Nm 

 0 rpm (360 rpm/div) 

ic (10 A/div) 

 0 Nm 
(b)

Fig. 6:  (a) Simulated and (b) experimental results for change in the 
load torque at zero speed, with correct rotor  time constant
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If the command for the rotor time constant is lower than 

the correct one, the slip frequency imposed to the induction 
motor will be higher than that one for the tuned condition, 
as can be evaluated from (3). Results from simulation (Fig. 
7) show that the motor moves toward a new operating 
point with a lower flux level (upper trace) and a higher 
rotor current (middle trace). As a consequence the mean 
accelerating torque (lower trace) is lower than that one for 
tuned condition and, thus, the accelerating rate is smaller. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Although there is a quick torque response at the 

beginning of each speed variation period shown in Fig. 6, 
the motor torque moves toward a lower value.  

Supposing now that the commanded value of the rotor 
time constant is higher than its correct value, the imposed 
slip frequency will be smaller than its correct value. 
Results from simulation show that in the new steady state 
of the induction motor the rotor flux level is higher and the 
rotor current is smaller than their values under tuned 
condition. As a consequence, the resulting motor torque 
and thus the accelerating rate is higher than that under 
tuned condition. 

It is clear that the use of an incorrect value for the rotor 
time constant leads to a non-constant value of rotor  flux 
linkage and, as a consequence, to an oscillatory motor 
torque profile. 

Fig. 8 and 9 illustrate both detuned conditions, for 
higher and for lower value of rotor time constant in the 
control algorithm. Both, the simulated and the 
experimental results are presented. The upper trace 
represents the stator current, the middle trace is the 
reference speed and the lower trace is the actual speed.  

In Fig. 8 the commanded value for the rotor time 
constant is 60% its correct value (i.e. 114 ms), while in 
Fig. 9 the commanded value for the rotor time constant is 
140% its correct value (i.e. 266 ms). 
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Fig. 7: Rotor flux linkage (upper trace), rotor current magnitude 
(middle trace) and motor torque (lower trace) for tuned condition 
(dashed) and for rotor time constant smaller than its correct value 

(full line) 
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Fig. 8:  (a) Simulated and (b) experimental results for commanded 
value of rotor time constant equal to 60% its correct value 
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Fig. 9:  (a) Simulated and (b) experimental results for commanded 
value of rotor time constant equal to 140 % its correct value   
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From the comparison between the simulated and the 
experimental results in Fig. 8, it can be seen that they are 
similar in shape but they present some numerical 
discrepancies. For instance, the simulated accelerating time 
(about 650 ms) is longer than the experimental value 
(about 500 ms), which indicates a lower mean value of the 
accelerating torque for the simulation case. However, there 
is no undesirable oscillation in the speed or in the current 
profile. 

If the same comparison as before is applied to Fig. 9, it 
can be concluded that the experimental accelerating torque 
is lower than the simulated one, resulting in a longer 
accelerating period.  

It should be stressed that, from the analyses carried out 
before, the higher value for the command of the rotor time 
constant results in a higher level of rotor flux. However, 
the practical implementation made use of full flux for the 
induction motor, through a rated value for the flux 
component of the stator current. In other words, the rotor 
flux was already in the saturation region and, therefore, it 
could not assume a value much higher than the rated one.  
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V. CONCLUSION 

 
The paper presented some simulated and experimental 

results for an induction motor driven by an alternative 
vector control method, which does not make use of the 
rotor flux position information. Both the simulated and the 
experimental results indicate that the simulation model is 
suitable for the proposed analyses and that the 

implemented vector control method leads to a high 
dynamic performance of the induction motor for speed and 
for load variation. The experimental results matched the 
simulated ones for no load operation and they were very 
close to the experimental results for load and detuned 
operation. By this stage it has not been possible yet to 
make a comparison between the alternative method of 
vector control and the standard one, however this study has 
been carried out at the Department of the authors.   
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