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Induction Motor Drive using FLUX to SIMULINK 

Technology. Martial BUSI, Sébastien CADEAU-BELLIARD - Cedrat S.A.

The following paper presents 
the linking technology, and 
one example of its use: 

the scalar control of an induction 
machine.

Introduction of 
scalar control with an 

automatic drive

The principle of this type of control 
is to adjust the motor speed thanks 
to Vs (the stator phase voltage) by 
varying the output frequency fs 
such as the magnetic state of the 
machine is about fi xed, through 
the preservation of F

s
 in a constant 

value, and such as the torque 
follows the wished law of variation 
according to the speed. This type 
of command does not allow to 
control the electric and magnetic 
transients, thus it must be operated 
only for laws of control with slow 
dynamics for which we can consider 
that the machine keeps on electric 
and magnetic steady state.
It is combined with an automatic 
drive which servo-controls ω

s
  and 

V
s
 by ω

m
 the angular velocity by 

realising ω
s
 = ω

r
 + ω

m
 which require 

a speed sensor.

• ω
s
 is the stator pulsation in rad/

sec
• ω

r
 is the rotor pulsation in rad/

sec
• ω

m
 is the angular electrical speed 

(ω
m
 * p (pole pair))

The structure is represented on the 
following fi gure:

>> Note : Because the command is 
presented in close loop, it requires 
a PI speed controller for speed 
servo-control.

Finite-element FLUX 
Model

A 2D fi nite elements model of the 
induction motor geometry is built. 
Due to the symmetry, only half a 
motor is designed. The mesh is 
illustrated on the fi gure 2:

Figure 2: Finite element mesh for the 
motor.

The coupling between drive model 
and FE-analysis is represented in 
fi gure 3. The input parameters for 
the FE-analysis are the applied 
Stator phase voltages driving 
by scalar control and the load 
torque. The output parameters 
of the FE-analysis are the phase 
currents, the mechanical speed, 
the instantaneous electromagnetic 
torque and the bar currents. At 
every time step, data are exchanged 
between the drive model in 
Simulink and the FE-analysis. 
This method has the great 
advantage that a complex 
drive model in Matlab/Simulink 
can be used in combination 
with accurate FLUX linkage 
calculation, taking into account 
the asynchronous machine 
parameters variations.

Scalar control 
structure with FLUX to 
Simulink Technology

The stator pulsation of the induction 
machine is the result of the 
addition of the reference pulsation 
(the rotor pulsation) and the 
mechanic pulsation to respect the 
automatic drive. In consequence, 
this command enslaves the stator 
pulsation to the motor angular 
velocity by controlling the rotor 
pulsation ω

r
. By the way of a gain 

representing the statoric flux 
we have a proportional voltage 
amplitude.

Results

With Simulink, only the values 
defi ned as outputs will be displayed, 
whereas with FLUX, the computation 
gives far more results as shown 
here after. Indeed, all the quantities 
usually reachable with FLUX can 
be displayed and computed, for 
example ; the Spectrum of the fl ux 
density, the equifl ux lines for each 
time step, the position, etc...

Figure 3: FLUX electric circuit.

Figure 4: Simulink model of the coupling.

(continued on page 16)

Figure 1: 
Functional 

diagram of 
scalar control 

in closed loop.
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Figure 14: Phase currents.

>> Note: Theses simulations 
were computed with PI regulators 
adjustment P=2 & I=0.142857.

a) Transient speed up to reference 
value
The fl ux density in the FE-model is 
obtained using the standard tools 
offered by FLUX.
Figures 5 to 7 show the computation 
results for a speed reference value 
equal to 100 radian per second 
which correspond approximately 
to 1000 rpm.

b) Transient speed up and response 
to a load torque of 20 N.m
Figures 8 to 10 show the computation 
results for a speed reference value 
equal to 150 radian per second 

which correspond approximately 
to 1432 rpm and for a load torque 
applied at t = 1,2s.

Scalar control 
structure with 

equivalent model

c) Transient speed up and response 
to a load torque of 20Nm
We can represent the FE-model in 
FLUX by an equivalent fi rst order 
model using a Matlab s-function. 
After calculation of the parameters 
of the diagram of Steinmetz shown 
in figure 15, a new Simulink 
computation was realised and the 
results are displayed in figures 12 
to 14. 

Figure 8: Mechanical speed.

Figure 9: Electromagnetic torque.

Figure 10: Phase currents.

Figure 12: Mechanical speed.

Figure 13: Electromagnetic torque.

The same computation of speed 
up to 150 radian per second and 
response to a load torque of 20Nm 
is proceeded.

Figure 6: Electromagnetic torque.

Figure 7: Flux density displayed with FLUX.

Figure 5: Mechanical speed.

Transient speed - Case a Transient speed - Case b Transient speed - Case c

(continued on page 17)
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Conclusion

In fi rst time, we notice that the 
range of curves in Simulink and 
FLUX are not very the same and that 
because of the regulators tuning. 
Because FLUX take saturation and 
no-linear phenomena into account 
we have made different regulators 
adjustment which allows a good 
enslavement.
The coupling with FLUX enables 
to see that a proper servo-control 
of the torque is more diffi cult for 
transient speed while a simple 
SIMULINK model does not account 
properly for this diffi culty. Indeed, 
the only simulation with Simulink 
underestimates the response time 
to reach steady state after applying 
the load torque.
Then, the advantage of the co-
simulation shows the interest to 
take into account for dynamic and 
non-linear phenomena. 

Figure 15 a-b: Asynchronous machine first order model.

Induction Motor Drive using FLUX to SIMULINK 

Technology.  (continued) Martial BUSI, Sébastien CADEAU-BELLIARD - Cedrat S.A.
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