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Abstract: We present in this paper a vector control scheme for inverter-fed 
asynchronous motor, implemented into a dSpace system. The design of the 
control scheme is carried out considering the model of the motor in a 
stationary two-phases frame of reference. The rotor flux linkage, the 
electromagnetic torque and the reactive power are estimated by only using the 
measure of the three-phases currents and voltages. 
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1. Introduction 
 
The asynchronous motor (ASM) is a 

nonlinear high-order system and for this 
reason complicated models must be used to 
control it by using linear control techniques 
and linear controllers. In addition, due to the 
complexity of the equations, the signal 
processing of the control systems is 
complicated and expensive. 

On the other hand the power inverter is 
also a nonlinear system, because it is 
composed of power switches (the 
semiconductors), which are nonlinear 
elements. The inverter changes the 
structure of its power circuit depending on 
which switches are closed or opened. It can 
be said that an inverter is a nonlinear 
system with variable structure. Therefore, 
it is very attractive and logic to use 
nonlinear control concepts to control 
inverter-fed ac machines. Several authors 
recognized this fact publishing very 
interesting works concerned with sliding 
mode control of inverter-fed ac machines 

[5-9]. In this control method, the structure 
of the converter is varied depending on the 
value of logical signals generated by 
nonlinear controllers [3-7]. 

This work uses a nonlinear control 
technique to control an inverter-fed 
asynchronous motor. The electromagnetic 
torque and the reactive power are controlled 
by hysteresis controllers. The outputs of the 
nonlinear controllers are used in a switching 
table to generate the command signals. The 
resulting control scheme is very simple, 
suitable for high speed implementation. 
The following pages present the theoretical 
principles, and the simulation results 
obtained with this control technique in the 
field-oriented torque control of an inverter-
fed ASM. The mathematical model of the 
ASM is given in [4].  

 
2. Block Diagram of the Control System 
 

The block diagram of a sliding mode 
control for the electromagnetic and the 
reactive torque [3], [4] are presented in 
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Figure 1. As this torques cannot be 
approached through measurement, 
computation is required, with help of a 
rotor flux observer O. Inputs to this 
observer are the measured values of stator 
current and voltage. Torques me and mq are 
compared to their references in order to 
form the switching law.  

 

 
Fig. 1. Block diagram of the proposed 

drive 
 
The references imposed for the 

magnetizing current isαr and for the reactive 
torque mqr are given by the rotor flux 
reference rr, which has to be reached in 
the steady-state of the sliding mode: 
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Variable structure controller VSC must 

select binary signals d1, d2, d3, controlling 
the inverter branches in order to annul law 

s. This is achieved in two steps: first a 
binary vector  Tqmc dd ,d  is generated 
starting from a switching device SD. 
Instead of reduced binary information, the 
exact value of s can also be transmitted, 
but it will obviously be more difficult to be 
determined digitally. Then a control 
strategy CS transforms vector dc into 
signals dk (k = 1, 2, 3). 

Figure 1 presents the simplest 
achievement of this structure, where the 
vector dc consists of two binary signals dm 
and dq, generated by two comparators 
based on the components sq and sm of s. 
The control strategy has to be permanently 
adjusted to the operation point and to the 
angular position of the rotor flux of the 
motor, with help of quantities useq [2], [8] 
and s. The asynchronous motor model 
depending on rotating speed n, has to be 
used in observer O, as a measured or 
estimated quantity. 

 
3. Control Strategy 

 
The dynamic behavior of the induction 

motor can be described by a set of 
differential equations. State variables are 
the stator currents isα and isβ and the rotor 
flux r. The stator voltages usα and usβ are 
the input variables of the system. For the 
control of the motor it is important to find 
the relation between voltages and currents 
of the stator. Figure 2 shows a block 
diagram of the machine. In each axis the 
voltage and the current are related to a time 
constant  = Ts

". The remaining terms 
appearing in this figure will be considered 
as perturbations. Hence, there exists a direct 
relationship between voltage and current in 
each axis exists. From Figure 2 it is easily 
deduced that with a positive voltage usα(usβ), 
current isα(isβ) increases and with a negative 
value of usα(usβ), current isα(isβ) decreases. 
This simple observation is the basis for the 
current control. 
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Fig. 2. Block diagram of the ASM 

 
In this work the electromagnetic torque 

and the reactive torque are controlled 
separately by using two nonlinear 
controllers [3]. Figure 3 shows the block 
diagram of the torque control system. 

 

 
Fig. 3. Control principle of the 

electromagnetic and reactive torque 
 
The nonlinear elements included in each 

axis represent the inverter and the 
nonlinear controllers with hysteresis. The 
voltage usα(usβ) can take the values u or –u 
depending on the difference between 
reference and real torques (mer and me 
respectively, or mqr and mq respectively). 
The strategy for the control of the 
electromagnetic torque is: 
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and for the control of the reactive torque is: 
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where dm and dq are output variables of the 
nonlinear controllers. In compact form, we 
have: 
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The control strategy uses the voltages usα 

and usβ but the converter applies the 
voltages u10, u20 and u30 to the phases of 
the motor. For this reason, the next step is 
to find the relation between the voltages 
u10, u20, u30 and usα, usβ. 

In [1] it was demonstrated that this 
inverter applies eight voltage space vectors 
to the motor. 

Each vector corresponds to one 
configuration of the branch command 
signals d1, d2, d3 as illustrated in Table 1.  

 
Table 1 

Generation of the voltage space vectors  
Voltage Space Vector d1 d2 d3 

s
su 1  1 0 0 
s
su 1  1 1 0 
s
su 1  0 1 0 

s
su 4  0 1 1 
s
su 1  0 0 1 

s
su 6  1 0 1 

0  0 0 0 
0  1 1 1 
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The complex plane of Figure 4 is divided 
into six sectors. Each sector is limited by two 
voltage space vectors, as illustrated in Figure 
4. This figure includes also the rotating (α, β) 
frame of reference. The components of each 
space vector in the α and β-axis are the 
voltages usα and usβ respectively. 

For the torque (current) control it is 
important to detect the position of the 
frame of reference (α, β) in order to select 
adequately the voltage space vector [3], 
[5]. In this work, the α-axis is oriented 
with the rotor flux of the motor to 
implement a field-oriented control. Table 2 
shows the commutation logic of the three-
phase inverter, for different positions of 
the α-axis. 

 

 
Fig. 4. The sectors of the complex plane 
 

Table 2 
Commutation logic of the  

three-phase inverter 
0 0 1 1 dm Sector 
0 1 0 1 dq 

1 5 1 4 2  
2 6 2 5 3  
3 1 3 6 4  
4 2 4 1 5  
5 3 5 2 6  
6 4 6 3 1  

 
To understand this table, the different 

variables are now analyzed, when the α-
axis is located in sector 1. 

If the output of the current controllers are 
dm = 0 and dq = 0, this means that the 

voltages usα and usβ must be negative to 
reduce the currents isα and isβ. In this case 
the space vector s

su 1  must be applied to the 
motor, because this space vector has two 
negative components: usα < 0 and usβ < 0.  

If the outputs of the current controllers 
are dm = 0 and dq = 1, this means that 
current isα must increase and current isβ 
must decrease, which is accomplished by 
applying the voltages usα > 0 and usβ < 0 to 
the stator. In this second case, the space 
vector s

su 1  is applied to the motor. 
The space vector s

su 6  is here discarded, 
because it has a too small component usα. If 
dm = 1 and dq = 1, the voltages usα and usβ 
must be positive to produce an increase in 
the currents isα and isβ. This is 
accomplished with space vector s

su 1 . 
Finally, if dm = 1 and dq = 0, current isα 
must decrease and current isβ must 
increase. In this situation space vector s

su 4  
is applied to the load, because it has usα < 0 
and usβ > 0. This analysis is repeated in 
each sector. As for the control strategy it is 
sufficient to know in which of sectors 1...6 
stator angle s is positioned; this can be 
computed by the signs of three linear 
combinations of the estimated rotor flux 
components: 

 
)sign(1

s
rs  , (9) 

 

)3sign(2
s
r

s
rs   , (10) 

 

)3sign(3
s
r

s
rs   . (11) 

 
Table 3 

Establishing the sector of s with respect to 
the three signs s1, s2 and s3   

s1 1 1 -1 -1 -1 1 
s2 1 -1 -1 -1 1 1 
s3 1 1 1 -1 -1 -1 

Sector 1 2 3 4 5 6 
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Table 3 gives the sector of stator angle s 
with respect to the three signs s1, s2 and s3. 

 
4. dSpace Experimental Results 

 
In order to analyze the performance of 

the proposed system, a numerical 
simulation has been utilized. All data 
processing for the simulations have been 
carried out in p.u. form. The induction 
machine considered in the simulation is a 
three phase, squirrel cage machine. 

When the system is in the steady-state of 
the real sliding mode, the switching law 
must evolve inside the switching domain. 
If the switching device consists of two 
Schmitt triggers, the switching domain will 
be a rectangle comprised between the 
„thresholds” of the hysteresis zones (the 
switching lines) of the two comparators. 

 

 

 

 
Fig. 5. Steady-state wave shapes of the 

stator currents (a), stator fluxes (b), and 
rotor fluxes (c) 

 
 Also, in steady-state, the complex torque: 

sr
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evolves within the switching domain and 
the phase quantities are sinusoidal with 
overlapping ripple, due to the real sliding 
mode. Figure 5 shows the wave shapes of 
the stator currents, stator and rotor fluxes, 
for the following numerical values: 
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Figure 6 presents the wave shapes of the 

electromagnetic and reactive torques in the 
steady-state. For the same example, Figure 
7 shows the space phasors of the stator 
current, stator and rotor flux represented 
by phasors diagrams. The ripple of the 
complex torque is visible on the stator 
current phasor diagram, while the space 
phasors of the stator and rotor flux evolve 
on a circular trajectory. 
 

 
Fig. 6. Steady-state wave shapes of the 
electromagnetic and reactive torques 

 
5. Conclusions 

 
A control scheme for inverter-fed 

asynchronous motor has been presented. A 
simple model of the induction machine 
suited for nonlinear control has been 
presented. The model has two time 
constants and several terms, which are 
considered as perturbations in the control. 
Two nonlinear controllers are used to 
control the electromagnetic torque and the 
reactive  power  in  a  rotating  frame  of  
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Fig. 7. Diagrams of steady-state stator 

current (a), stator flux (b), and rotor flux 
(c) space phasors 

 
reference. The controllers are very robust, 
because they are not affected by strong 
perturbations. The output signals of the 
nonlinear controllers are used in a 
switching table to generate the command 
signals of the three-phases inverter. 

Space vectors were used to establish the 
relation between voltages usα, usβ and the 
terminal voltages of the stator u10, u20 and 
u30. This work shows that the use of space 
vectors is a very effective method to analyze 
the work of a voltage source inverter.  

Finally, it can be said that the drive has a 
very good dynamic behavior with simple 
operation, few circuits and reduced costs. 
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