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Abstract: - Scalar control of induction servomotors was implemented on their steady-state model. If the 
machine is powered via a frequency and voltage converter, due to the presence in the motor input voltage wave 
of higher time harmonics, both its parameters and functional characteristic values will be more or less different 
comparing to the case of sinusoidal supply. The presence of these harmonics will result in the appearance of a 
distorting regime in the machine, with adverse effects in operation. In this work is realized a theoretical study 
of the behavior of the asynchronous servomotor in the presence of distorting (non-sinusoidal) regime and also a 
mathematical model for its scalar control is proposed. 
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1. Introduction 
Three-phase asynchronous servomotors are now 

spread to a growing extent. Theses eliminate the 
disadvantages of the d.c. servomotors linked to the 
collector-brush system; moreover they are robust, 
having a simple construction, a lower friction and a 
lower cost price. Asynchronous servomotors also 
present a number of drawbacks in that efficiency 
and power factor are lower, dimension and weight 
are greater and control is more complicated than the 
d.c. servomotors  

Compared to the usual three-phase 
asynchronous servomotors, which do not 
distinguish from the point of view of construction, 
at the servomotors of the same type on can remark:  

- A higher length / diameter ratio relative to the 
rotor, which has the drawback that the heat losses 
transfer from the rotor is most difficult;  

- A stronger strengthening of the stator insulation 
in order to resist to the often transient processes;  

- Taking into account of the rotor heating which 
becomes important.  

There is a high variety of schemes for automatic 
position control made with three-phase induction 
servomotors. Despite its simple and robust 
construction, the motion control for this type of 
servomotors should take into account the 
complexity of the dynamic model which is 

nonlinear and variable in time and that the physical 
parameters of the machine are not always known 
with great precision. Under these conditions the 
motion control means controlling the speed and/or 
the position, respectively torque control. As on 
obtain a faster torque response as the motion control 
is more efficient.  

Mainly there are two control strategies: scalar 
control and vector control.  

Scalar control or scalar regulation can be done 
in open or closed speed control loop and can be 
accomplished by connecting scalar values, for 
example, us = f(f1)  or is = f(f2), where us and is are 
the stator voltage and current and f1 and f2 are the 
stator and rotor frequencies. Usually, it is necessary 
to impose the condition for keeping the stator flux 
constant and equal to the nominal one (ψs = ψsn = 
const.). This strategy is based on a steady-state 
simple induction servomotor model. The advantage 
of the scalar control resides in the simplicity of the 
control circuits but has the drawback of generally 
obtaining variable speeds with low accuracy; the 
dynamic performances of the system are also low. It 
follows a satisfactory adjustment only when the 
machine works with stationary speed for long 
periods. If the fluctuations occur in tension, 
disturbances in load or if the servo-system requires 
fast accelerations or decelerations, the open loop 
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control is unsatisfactory, and the closed loop control 
is necessary. As a conclusion we can say that the 
implementation of scalar control though simple, is 
limited by the accuracy of speed and torque 
response of the machine. 

Usually, the electric machines are designed to be 
supplied in sinusoidal regime. If the servomotor is 
supplied through a static frequency converter, 
because of the higher harmonics (non-sinusoidal 
supply) from the input voltage wave of the motor, 
both its parameters and functional characteristic 
values will be more or less different from the case of 
sinusoidal power supply. The presence of these 
higher harmonics will have as result the appearance 
of a deforming regime in the machine, with 
adverse effects in general in its operation.  

In similar conditions of load and rotation speed 
with the case with sinusoidal supply on find an 
increase of the machine losses, of the electrical power 
absorbed and therefore a reduced efficiency. There is 
also a greater heating of the machine and an 
electromagnetic torque which, at a given load, is not 
invariable but pulsating, compared with an average 
value corresponding to the load.  

The appearance of the deforming regime in the 
machine is inevitable because any static frequency 
converter based on semiconductor technique produces 
voltages or currents, which contain, in addition to 
fundamental and harmonic, higher odd time 
harmonics.  

Generalizing, the output voltage harmonics are 
grouped into families centered on frequencies: 

 
 ( )...3, 2, 1,J   1 === fJmfJmf fcfj , (1) 

and the various harmonic frequencies in a family 
are: 

 
 ( ) ( ) 1)( fkJmfkJmkfff fcfcj ±=±=±=ν , (2) 

with    
 kJm f ±=ν  . (3) 

 
In the above relations, mf represents the 

frequency modulation factor, f1 is the fundamental’s 
frequency and fc is the frequency of the control 
modulating signal. Whereas the harmonic spectrum 
contains only ν order odd harmonics, in order that 
(Jmf±k) to be odd, an odd J determine an even k and 
vice versa. The harmonic amplitudes of one family 
are symmetrical in relation to the central frequency 
harmonic and harmonic family separation is even 
more evident as the modulation frequency mf is 
greater. 

 
 

 

2. Mathematical model of the three-
phase induction servomotor in the case 
of non-sinusoidal supply. 

 
2.1. General considerations. Actual stage. 
Induction servomotor behavior analysis and their 

performance evaluation in a steady-state regime in 
the condition of supplying by a static frequency 
converters can be done by three methods:  

a). Direct integration of machine equations. 
The method allows, besides the calculation of the 
currents and torque in a steady-state regime, also the 
rotor speed variations due pulsating loads. The main 
disadvantage of this method is that, especially in the 
case of medium power machines due to higher time 
constants of the machine, the stabilization process of 
the integration on the computer can take a long time, 
which limits the direct use of this method.  

b). The use of Fourier analysis. The method is 
based on the decomposition of the voltage signal 
from the motor input into a sum of ν harmonics 
sinusoidal signals, the overall effect being the sum 
of partial effects. The main advantages of this 
method are: its simplicity and the possibility to use 
the computing relationships from the design of 
electric machines theory for the sinusoidal regime 
(practically verified for thousands of motors). The 
disadvantage of the method consists in the 
decomposition in Fourier series of some signals 
which are not partly continuous and hence non-
sinusoidal, involving few convergent series, taking 
into account a large number of terms. However, this 
disadvantage can be reduced by use of computer 
technology in solving the problem.  

c). The use of the state variables. It is a 
classical method in systems theory, to determine the 
machine currents and torque directly, in analytical 
form. The method can be applied if the machine is 
considered an ideal one, unsaturated, isotropic, with 
constant parameters and unaffected by voltage, 
current or frequency value (which generally is not 
the case).  

Comparing the advantages and disadvantages of 
the three methods described above can be 
synthesized as follows:  

1. - Using the “a” method in solving 
constructive-technological design problems is 
difficult, the use the method being generally 
disadvantageous because of the longer duration of 
the integration process stabilization.  

2. - Method "b", despites the drawback 
mentioned and whose effects can be mitigated by 
computer using, is imposed itself in the specific 
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constructive-technological design process of the 
servomotors supplied through power static 
frequency converter by the possibility of using 
many calculation relationships from the classical 
theory of induction machines fed from a sinusoidal 
power supply, with possible corrections.  

3. The "c" method, because the working 
hypotheses underlying it is recommended to be 
applied in the study and modeling of automatic 
control systems with induction machines.  

Based on these considerations, for the study from 
this work, the Fourier analysis method will be 
considered. Using this approach method requires as 
simplifying assumption the neglecting of the 
magnetic saturation.  

This assumption does not deform the reality too 
much, whereas the present study aims especially the 

investigation of the non-sinusoidal steady-state 
regime of the machine, at a load almost equal to the 
nominal one. In this situation, the current that occurs 
is not much different from basic sinusoidal current 
value. This case shall remain valid even in the 
starting conditions.  

In the literature there are known various 
mathematical models associated to induction 
machines fed by static frequency and voltage 
converters. The majority of these models are based 
on the association between an induction machine 
and an equivalent scheme corresponding to the 
fundamental and a lot of schemes corresponding to 
the various ν frequencies, corresponding to the 
Fourier series decomposition of the motor input 
voltage (see Figure 1) [3 ]. In this model the skin 
effect is not considered.
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 a)         b). 
 

Fig.1. Equivalent scheme of the machine supplied through frequency converter:  
a) for the case of fundamental; b) for the ν order harmonics (positive or negative sequence). 
 
 
 
For the equivalent scheme in Figure 1.a, 

corresponding to the fundamental, the electrical 
parameters are defined as: 
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In relations (4), R1n, X1n, R'2n, X'2n, Rmn, Xmn 
represents the values of the parameters R1, X1, R'2, 
X'2, Rm and Xm in nominal operating conditions (fed 
from a sinusoidal power supply,  rated voltage 
frequency and load) and 
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Corresponding to the equivalent scheme from 
Fig. 1a, the basic machine equations are: 

 ( ) ( ) ( ) ( );11111111 eUIZU −=   

 ( ) ( ) ( ) ( ) ;11
'

12
'

12
'

12 ee UIZU ==  (6) 

 ( ) ( ) ( );101111 IZU me −=   

 ( ) ( ) ( ).
'

1211101 III +=   

where: 
 

 ( ) ( ) ( ) ;11111111 nn jaXRjXRZ +=+=  
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In the relations (5), f1 and f1n are random 

frequency of the rotating magnetic field, 
respectively the nominal frequency of the rotating 
magnetic field [(usually f1n = 50 Hz) and U1 and U1n 
are the supply phase voltage, respectively the rated 
supply phase voltage.  

 For ν order harmonics order the scheme from 
Fig. 1.b is applicable.  

The slip s(ν), corresponding to the ν order 
harmonic is: 
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where sign (-) (from the first equality) 

corresponds to wave that rotates within the sense of 
the main wave and the sign (+) in the opposite one.  

For the case studied in this paper - that of small 
and medium power machines – the resistances R1(ν) 
and reactances X1(ν) values are not practically 
affected by the skin effect. In this case we can write: 

 
 ( ) ( ) nRRRR 11111 ===ν ,  (9) 

 ( ) ( ) ( ) ( )νσνσνν νωω 11111 LLX =⋅= ,  (10) 

 
where L1σ(ν) is the stator dispersion inductance 

corresponding to the ν order harmonic.  
If it is agreed that the machine cores represent 

the linear mediums (the machine is unsaturated), it 
results that the inductance can be considered 
constant, independent of the load (current) and flux, 
one can say that: 

 ( ) ( ) σσνσ 1111 LLL == .  (11) 

By replacing the expression inductance L1σ(ν) 
from relation (11) in relation (10), we obtain: 

 ( ) naXXLX 11111 νννω σν === .  (12) 

For rotor resistance and rotor leakage reactance, 
corresponding to the ν order harmonic, both reduced 
to the stator the following expressions were 
established: 

 ( ) ( )
'
2

'
2

'
12

'
2 nRRRR ===ν , (13) 

 ( )
'
2

'
2

'
2 nXaXX ⋅⋅=⋅= ννν , (14) 

Magnetization resistance corresponding to the ν 
order harmonic, Rmν, is given by the relation: 

 ( ) mnKm RakR ⋅⋅⋅= 22
" νν . (15) 

where 
"

)1(

"
)(

"
K

K
k K

ν=  

K” is a coefficient dependent on iron losses and 
on the magnetic field variation.  

The magnetization reluctantce corresponding to 
the magnetic field produced by the ν order harmonic 
is: 

 ( ) mnKm XakX ⋅⋅= νν ' . (16) 

where 
'

)1(

'
)(

'
K

K
k K

ν=  

For K 'apply the same considerations as for K ".  
Corresponding to the equivalent scheme shown 

in Figure the machine equations for the ν order 
harmonic are:  
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2.2. The setting of the equivalent 

servomotor scheme in the case of non-
sinusoidal supply 

In the present study, the authors intend to 
establish a single mathematical model associated to 
induction servomotors, supplied by static voltage 
and frequency converter, which consists of a single 
equivalent scheme, and which to describe the 
machine operation, according to the presence in the 
input power voltage of higher time harmonics.  

For this, the following simplifying assumptions 
are taken into account:  

WSEAS TRANSACTIONS on SYSTEMS Sorin Musuroi, Ciprian Sorandaru, Valeriu-Nicola Olarescu, Marcus Svoboda

ISSN: 1109-2777 1128 Issue 10, Volume 8, October 2009



- the permeability of the magnetic core is 
considered infinitely large, comparing to the air and 
the magnetic field lines are straight perpendicular to 
the slot axis; 

- both the ferromagnetic core and rotor cage (bar 
+ short circuit rings) are homogeneous and isotropic 
mediums;  

- the marginal effects are neglected, the slot is 
considered very long on the axial direction. The 
electromagnetic fields both the fundamental and the 
corresponding to the ν order harmonic, are 
considered, in this case plane-parallels. This 
assumption is accepted for theoretical calculations 
of most authors;  

- skin effect is taken into account in the 
calculations only in bars that are in the transverse 
magnetic field of the slot. For portions of the bar 
outside of the slot, in ventilation channels (where 
appropriate), and in short circuit rings, current 
density is considered as constant throughout the 
cross section of the bar.  

- the passing from the constant density zone into 
the variable density zone occurs abruptly;  

- in the real electric machines the skin effect is 
often influenced by the degree of saturation 
(especially at startup), but simultaneous coverage of 
both phenomena in mathematical relationships 
easily applied in practice is very difficult, even 
precarious. Therefore, the simplifying assumption of 
neglecting the effects of saturation is allowed as 
valid in the establishing the relationships for 
equivalent parameters; 

- the local variation of magnetic induction and of 
current density is considered sinusoidal in time, both 
for fundamental and for each ν harmonic. 

 

- on take into account only the fundamental 
space of the e.m.f. harmonica;  

Under these conditions of non-sinusoidal supply, 
the asynchronous servomotor may be associated 
with an equivalent scheme, corresponding to all 
harmonics. 

The scheme operates in the fundamental’s 
frequency f1(1) and is represented in Fig. 2.  

The influence of higher harmonics is found in the 
particular values of the parameters valid for a given 
load. 

According to this scheme, formally it can be 
considered that the servomotor, in the case of 
supplying through the power frequency converter 
(the corresponding parameters and dimensions of 
this situation is marked with index "CSF") behave 
as if they were fed in sinusoidal regime at 
fundamental’s frequency, f1(1) with the following 
voltages system: 
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where, 

 ∑
≠
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1
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2
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ν
νUUU CSF  . (20) 

 )(1U ν is the phase voltage supply corresponding 

to the ν order harmonic.  

 
 
Fig. 2. The equivalent scheme of the asynchronous servomotor powered by a static frequency converter 

WSEAS TRANSACTIONS on SYSTEMS Sorin Musuroi, Ciprian Sorandaru, Valeriu-Nicola Olarescu, Marcus Svoboda

ISSN: 1109-2777 1129 Issue 10, Volume 8, October 2009



Corresponding to the system supply voltages, the 
current system which crosses the stator phases is as 
follows: 
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where I1(CSF) is given by: 
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Power factor in the deforming regime is defined 

as the ratio between active power and apparent 
power, as follows: 
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If we consider the real case in which the when in 

the supply of servomotor both fundamental and 
higher ν order time harmonics are present (non-
sinusoidal regime), the active power absorbed by the 
machine P1(CSF) is defined, as in the sinusoidal 
regime, as the average in a period of instantaneous 
power. The following expression is obtained: 
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Therefore, the active power absorbed by the 

servomotor when it is supplied through a power 
static converter is equal to the sum of the active 
powers corresponding to each harmonic (the 
principle of superposition effects is found).  

In relation (24), cosϕ(1ν) is the power factor 
corresponding to the ν order harmonic having 
expression [4]: 
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It can see that the value of cosϕ(1ν), given by 

relation (25) is very small, so the currents produced 

by higher harmonics are almost purely inductive, 
with all the consequences arising from this: 
reducing of the power factor, of the efficiency and 
of the maximum torque that can be developed by the 
servomotor.  

Apparent power can be defined in the non-
sinusoidal regime also, as the product of rated 
values of applied voltage and current: 

 
 ( ) ( ) ( )CSFCSFCSF IUS 111 ⋅= , (26) 

 
Taken into account the relations (24), (25) and 

(26), the relationship (23) becomes: 
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Because ∆(CSF)≤1, formally (the phase angle has 

meaning only in harmonic values), an angle ϕ1(CSF) 
can be associated to the power factor ∆(CSF), as: 

 
 ( ) ( )CSFCSF ∆=1cosϕ  (28) 

 
With this, the relation (27) can be written: 
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The relation (29) can be written also: 
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If on take into account the relation [4]: 
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where x *sc is reported short-circuit impedance, 

measured at frequency f1 = f1n where f1n is usually 
equal to 50 Hz, relation (30) becomes: 
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The equivalent parameters of the scheme have 

been calculated at the fundamental’s frequency, 
under the presence of all harmonics in the supply 
voltage.  

Under these conditions, is denoted pCu1(CSF) the 
losses that occur in the stator winding when the 
servomotor is supplied through a power frequency 
converter. These losses are, in fact, covered by some 
active power absorbed by the machine from the 
network, through the converter, P1(CSF). According to 
the principle of superposition effects, it can be 
considered [5]:  
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Further, the stator winding resistance 

corresponding to the fundamental, R1(1) and stator 
winding resistances corresponding to the all higher 
time harmonics R1(ν), are replaced by a single 
equivalent resistance R1(CSF), corresponding to all 
harmonics, including the fundamental. The 
equalization is achieved by the condition that in this 
resistance occur the same losses pCu1(CSF), given by 
relation (33), as if considering the “ν” resistances 
R1(ν), each of them crossed by the current I1(ν). This 
equivalent resistance, R1(CSF), determined at 
fundamental’s frequency, is crossed by the current 
I1(CSF) (rms), with the expression given by (19).  

Therefore:  

 
( ) ( ) ( )

( ) ( ) ( ) 







+=

=⋅=

∑
≠1

2
1

2
111

2
111

3

3

ν
νIIR

IRp

CSF

CSFCSFCSFCu

 . (34) 

 
Making the relations (33) and (34) equal, it 

results: 
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from which: 
 
 R1(CSF) = R1(1) = R1,  (37) 
 
Applying the principle of superposition effects 

for the reactive absorbed power by the stator 
winding (QCu1 (CSF)), the following expression is 
obtained [5]:  
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As in the previous case, the stator winding 

reactance corresponding to the fundamental, X1(1) 
(determined at fundamental’s frequency f1(1)) and 
the stator winding reactances corresponding to all 
higher time harmonics X1(ν) (determined at 
frequencies f1(ν)=ν⋅f1 where  Jmf±k) are replaced by 
an equivalent reactance, X1(CSF), determined at 
fundamental’s frequency. This equivalent reactance, 
crossed by the current I1(CSF), conveys the same 
reactive power, QCu1(CSF) as in the case of 
considering of “ν” reactances X1(ν), (each of them 
determined at f1(ν) frequency and crossed by the 
current I1(ν)). Following the equalization, the 
following expression can be written: 
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Making the relations (38) and (39) equal, it 

results: 
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On note the following: 

( )

1

CSF1
1X X

X
k =  the factor that highlights the 

changes that the reactants of stator phase value 
suffers in the case of a machine supplied through a 
power frequency converter, compared to sinusoidal 
supply, both calculated at fundamental’s frequency.  

From relation (41) follows [5]: 
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By replacing the relation (31) in (42) results: 
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(43) 

 
On can see that  
 
 kX1>1 (44) 
 
With the equivalent resistance given by (37) and 

the equivalent reactance resulting from the 
relationship (43) we can now write the relation for 
the equivalent impedance of stator winding, Z1(CSF) 
covering all frequency harmonics and including the 
fundamental: 

 

( ) ( ) ( ) ( ) 111111 XjkRjXRZ XCSFCSFCSFCSF +=+=  (45) 

 
 
Similarly, the equivalent resistance and 

equivalent reactance of one rotor phase reported to 
the stator, determined at the fundamental’s 
frequency and appropriate to all harmonics, 
including the fundamental, it obtains the following 
expressions [4], [5]: 
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where R2c

’  is the resistance at fundamental’s 
frequency of the part of rotor phase winding placed 
in the slots and reported to the stator, R2i

’ is the 
resistance, the fundamental’s frequency of the part 
of rotor winding with neglecting skin effect relative 
to the stator, X2c

’ is the reactance of the part of the 
rotor winding placed in slots and reduced to the 
stator in which the skin effect occurs and X2i

’ is the 
reactance of the part of the rotor phase winding in 
which the skin effect can be neglected, kr(CSF) and 
kx(CSF) are the global equivalent factors for rotor 
resistance respective rotor reactance changing 
(corresponding to all harmonics, including the 
fundamental) and kr and kx are the factors for rotor 
resistance growing respectively diminution of rotor 
reactance in the case of sinusoidal supply. For more 
details the literature [5] is recommended.  

With these, the expression for the rotor phase 
impedance relative to the stator, when the 
servomotor is fed through a power frequency 
converter became: 
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Where 
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In relation (51) we have: 
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In the following, the expressions of the 

equivalent parameters for the magnetic circuit will 
be set (corresponding to all harmonics).  
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Thus, to determine the equivalent resistance of 
magnetization R1m(CSF), we have to  take into account 
that this is determined only by the ferromagnetic 
stator core losses which are covered directly by the 
stator power, without making the transition through 
the stereo-mechanical power [1].  

By approximating that I01(CSF) ≈Iµ(CSF), for R1m(CSF) 
is obtained: 

 ( )
( ) ( )

( )
2

11
1

3 CSF

CSFjCSFz
CSFm

I

pp
R

µ

+
= , (53) 

 
where pz1(CSF) and pj1(CSF) are global losses 

occurring in the stator teeth respectively yoke due to 
the supplying of the servomotor through the 
frequency converter. The determination of these 
losses is presented in detail in [4].  

In determining the total magnetization current 
Iµ(CSF), the principle of superposition effects is 
applied (the ferromagnetic core is considered 
linear): 

 ( ) ( ) ( )∑
≠

+=
1

22
1

ν
νµµµ III CSF . (54) 

 
The magnetization current corresponding to the ν 

order harmonic is calculated using the 
magnetization ampere-turn also corresponding to 
the ν order harmonic, θµ(ν), from the relationship: 

 

 ( ) ( )νµνµ π
θ IkkN yq ⋅⋅⋅⋅= 1113

22
. (55) 

 
In writing te relation (55) were taken into 

account that: kq1(ν) = kq1 and ky1(ν) = ky1 (kq1 is zone 
factor and ky1 is shortening factor).  

The magnetization ampere-turn  corresponding 
to the fundamental, θµ(1), has the expression [1]:] 
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where is θµ is the magnetization ampere-turn 

when the servomotor is supplied from the mains.  
By dividing the relations (55) and (56) is 

obtained: 
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that the relation (54) can be made in the form: 
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The magnetization ampere-turn θµ(ν) = UH(ν). It is 
calculated for each ν harmonic in part, as well as for 
the fundamental (see e.g. [1]).  

For the equivalent magnetizing reactance, 
corresponding to all harmonics, determined at the 
fundamental’s magnetization frequency f1(1), we 
obtain: 

( )
( )

( )
( ) ( )( )2

11

2

1
1 CSFmCSF

CSF

CSF
CSFm RR

I

U
X +−














≅

µ
 (59) 

 
For the equivalent impedance of the 

magnetization circuit it can be written: 
 
 ( ) ( ) ( )CSFmCSFmCSFm XjRZ 111 ⋅+= .  (60) 

 

To determine the ratio 
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, the conservation 

law of the active powers received by the equivalent 
rotor is written: equivalent active power 
corresponding to all harmonics, including 
fundamental one, received by the equivalent rotor of 
the servomotor in the situation of supplying through 
the power frequency converter is equal to the sum of 
active power corresponding to the fundamental and 
the powers corresponding to each ν harmonic 
separately. Thus on can write: 
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or in reduced values: 
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From where, it results after calculation: 
 

 ( )

( )

( )

( )

( )

( )

( )

( )

( )

( )
∑

∑

≠

≠














+














⋅+

⋅=

1

2

'
12

'
2

1

2

'
12

'
2

'
12

'
21

'
2

'
2

1

1

ν

ν

ν

νν

ν

I

I

I

I

R

R

s

s

s

R

s

R

CSF

CSF  (63) 

 
Where the slip corresponding to the ν  order 

harmonic is: 

 ( ) ννν
s

s ±= 1
1m .  (64) 
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The pair of signs "- +" (located at the top) 
corresponds to wave that rotates in the sense of the 
main wave and the pair "+ -" (located at the bottom) 
where the opposite.  

Given these assumptions and considering that the 
equivalent parameters were calculated reduced to 
the fundamental’s frequency (in the conditions of a 
sinusoidal regime), may formally accept the 
calculation in complex quantities. Corresponding to 
the unique scheme shown in Figure 2, the 
servomotor equations are: 

 
 ( ) ( ) ( ) ( ) ;1111 CSFeCSFCSFCSF UIZU −⋅=   

 ( ) ( ) ( ) ( );1
'
2

'
2

'
2 CSFeCSFCSFCSFe UIZU =⋅=  

 ( ) ( ) ( );011 CSFCSFmCSFe IZU ⋅−=  (65) 

 ( ) ( ) ( ).
'
2101 CSFCSFCSF III +=  

 
With this, all parameters corresponding to the 

equivalent scheme of asynchronous three-phase 
servomotor in the case of supplying through a power 
frequency converter were determined. 

 
 

3 Conclusions  
This paper aims to study the theoretical behavior 

of asynchronous three-phase servomotor in the case 
of supplying through a power frequency converter.  

The analysis of the induction servomotors 
behavior and the evaluation of their steady-state 
regime performances under the condition of power 
frequency converter are mainly focused on the use 
of Fourier analysis. The main advantages of this 
method are its simplicity and the possibility to use 
in many situations the relations from the electric 
machines design theory for the sinusoidal regime, 
expressions which were practically verified. Using 
this method of approach requires as a simplifying 
assumption the neglecting of the variable magnetic 
saturation. This assumption does not deform the 
reality too much, whereas the present study 
primarily aims to analyze the non-sinusoidal steady-
state regime of the machine at a nominal charge 
when the saturation degree has a determined value. 
In this situation, the current that occurs is not much 
different from the value of the basic sinusoidal 
current. This hypothesis remains valid even in the 
starting condition, if this is done through a power 
frequency converter. 

Through this study sought to develop theory of 
the asynchronous three-phase servomotor in the 

non-sinusoidal powered regime, to serve as a 
starting point in optimizing the design methodology 
of constructive-technological, as economic 
conditions as favorable. Given that the 
asynchronous three-phase servomotor is powered 
through a static frequency converter, the machine 
operation in the presence of the higher harmonics of 
time in the supply voltage can be described by a 
single mathematical model. The model consists of a 
single equivalent scheme corresponding to all 
harmonics and is defined at the fundamental’s 
frequency.  
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