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The overvoltage created on the supply lines of the driven electric motors can cause harmful damage to the

equipment. Sometimes these motors are supplied via unipolar cables, we want by this paper to study the

influence of using these cables to supply an induction motor (IM) driven by techniques based on high

frequencies on the creation of overvoltage. Two tests are then presented: In the first test, the system is powered

directly by a frequency generator without using the single-core cable. In the second test, a single-core cable of

different lengths is used between the power supply and the stator of IM. The experimental results obtained at

the Algerian Energy and Intelligent Systems Laboratory (LESI), prove that the method proposed for this

purpose is quite efficient. 
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1. Introduction

The evolution of power electronics has added to the

induction motor (IM) the variable speed drive by

associating it with a frequency converter, which is

considered an extremely important advantage in industry

applications. This advantage has made this IM preferable

in the industry because this converter-machine combination

has enabled it to achieve dynamic performance comparable

to that of a DC motor. This has diversified its applications

in wide fields [1].

The operation of the frequency converter is essentially

based on the conversion of an alternating voltage at fixed

and uncontrollable frequency (voltage of the supply

network at 50 Hz) to an alternating voltage at variable

and controllable frequencies. This task is performed by

the switching of semiconductor switches which are

located within a PWM inverter.

To improve the operational efficiency of the converter-

machine assembly, the semiconductors used today operate

at increasingly higher frequencies. However, these ultra-

fast switching of the semiconductors used in the inverters

generate very restrictive electromagnetic disturbances

which will, on the one hand, degrade the bearings of the

motor (they cause a transfer of metal between the balls

and the bearing tracks (phenomenon of stitching) [2, 3]

and on the other hand create significant overvoltage on its

windings. The variable speed drives currently available

on the market use IGBT power transistors whose

switching times are 20 times faster than ten years ago [4,

5]. The very fast voltage fronts and the high switching

frequencies of these converters can cause the flow of

large HF currents.

In addition, the necessary presence of electric cables -

of varying lengths - to connect the various components of

the chain: supply network - frequency converter - motor,

had, in the event of high switching frequencies, a

detrimental effect on the motor winding because these

cables also contribute to the amplification of the over-

voltage in question [6]. 

All of these problems can cause a breakdown of the

motor windings and therefore its "electrical" destruction

or in the least case; these problems cause the used motor

to age prematurely.

To represent the IM whose connections of the stator

coils are arbitrary, a universal high frequency equivalent

circuit model has been proposed by [7-18].

In this paper, we are particularly interested in the
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experimental study of the overvoltage, a study which

treats their origins and reveals their influences on the

aspect and the modulus of the supply voltage of the stator

windings.

We have set two objectives:

1- To know the influence of the phase length on the

overvoltage values;

2- To know the cable connection influence on the

appearance and value of surges.

In this vision, and after a quick review of cables and

overvoltage, we present the tests.

2. Overvoltages

In order to control the induction motor with the best

possible performance, variable speed drive is used using a

frequency converter (PWM inverter for example). The

latter is connected to the motor, on one side, and to the

power supply on the other side, by cables of varying

lengths.

However, the ultra-fast switching of the power switches

(transistors/thyristors) used in frequency converters has

resulted in the rise of problems of electromagnetic inter-

ference type [8, 9], they create rapid voltage variations

(dv/dt) causing the circulation of high frequency currents

which propagate between the source (the inverter) and the

"victim" (the stator), which causes more or less significant

overvoltage at the terminals of the stator windings [10,

19].

Indeed, the overvoltage are due to the capacitive links

between the coils themselves and the coils with the mass,

these links generated by the high frequency of the signal

from the inverter cause overheating which can deteriorate

the insulation of the windings, while the HF currents

cause a transfer of metal between the balls and the

bearing tracks (pitting phenomenon) [11, 12, 20].

3. Equivalent Diagrams of Cable

In the literature we find two models of equivalent

diagrams for the cable having only one conductor

(unipolar cable): model in π and model in Г, the two

models are equivalent and they are composed by linear

quantities. These sizes and the length of the cable are

directly proportional [14, 21-24]. 

With:

L : longitudinal linear inductance of the cable (H/m)

R : longitudinal linear resistance of the cable (Ω/m)

G : transverse linear conductance of the cable (S/m)

C: transverse linear capacity of the cable (F/m)

X: the length of the cable section (m).

Indeed, the presence of linear capacities in the different

models of the equivalent diagrams justifies the contribution

of cables to the amplification of overvoltage.

HF calculation of Impedances coils

In Fig. 3, the two-port network is formed by means of

frequency-dependent equivalent impedances.

Using the input/output voltages, we can easily obtain

the characteristic impedances of the two-port network, V
e

and V
s
 [15, 16]: 

(1)

Or in matrix form:

(2)

Where the four characteristic impedances are defined as

follows:
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Fig. 1. Section model of a unipolar cable with length X.

Fig. 2. Section model of a single-core cable with length X.

Fig. 3. Impedances of coil two-port network.
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The two-port network in Fig. 3 is symmetrical and

reciprocal, so and with:

Z12 = Z21 and Z11 = Z22  (4)

Calculation Method of the HF Parameters for a Phase

Winding

The IM phases in this study are the coils which are

connected in series. In Fig. 4, it is shown that at high

frequency we find these coils connected in cascade and

form a two-port network. The IM coils are not accessible

for direct measurement and only its stator coils are. This

study demonstrates the calculation of HF parameters of

coils based on winding parameters [16, 17, 23-25]. 

In order to calculate the parameters of the coils based

on measurements made on the stator phases, we

developed our calculation method. We assume that all the

stator coils are identical, we then have:

(5)

Where  are the transfers matrices of

coils and T11, T12, T21 and T22 are the coils characteristic

parameters of transfer.

We use the association rules in the case of two-port

networks formed by a cascade coils, we have:

. (6)

The matrix expression of input/output voltages and

currents of the two-port network phase, are given by:

 (7)

The transfer parameters and the impedance parameters

are given by:

 (8)

Where: .

We deduce then the equivalent transfer matrix:

 (9)

So, the transfer matrix of the equivalent two-port

network of a phase coil is given by:

 (10)

4. Work Environment

In the aim to study the effects of the high frequencies of

the supply voltage (PWM inverter for example) of an

induction squirrel cage motor on the winding of its stator,

we fed the stator windings with a square wave using a

frequency generator (FG) with a frequency of 1000 Hz

and an amplitude of 10 V. We use a square signal for two

reasons:

• It is similar in form to a PWM signal.

• It contains harmonics.

The motor of this study is a three-phase squirrel-cage (3

kW), it is manufactured, on our order, by the "electro-

industries" factory of Azazga (Wilaya of Tizi Ouzou),

Algeria.

The stator of our motor is made up of three phases:

(Fig. 5)

Phase I: phase composed by five open coils able to be

connected;

Phase II: ordinary phase;

Phase III: ordinary phase.

The advantage of having open coils lies in the possibility

of:
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Fig. 4. Two-port networks (winding segments) connected into

cascade forming a phase winding of a motor stator.

Fig. 5. (Color online) Image of the test bench.
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• Connect them in the desired way;

• Measure the voltages and / or overvoltage on their

ends.

With:

G is a frequency generator;

O is an oscilloscope with two channels;

M is the IM (3kW);

P1, P2 and P3 are respectively the stator phases (1,

2 and 3).

5. The Experimental Results

For our study, we have subdivided the tests on two

tests: the first is without cable and the second is with

cable.

A. Tests (without cable)

For this test, we have five tests witch depend to the

number of coils and them position in series or parallel.

1. Test with 5 coils in series

We fed phase I (consisting of five open coils) by a

square signal produced by the FG (Fig. 6) of module

which is worth 10 V, then we measured the voltages and

the surge peaks at the terminals of each coil and we

calculated their ratios.

The results of this test are displayed in the table below.

We take note that:

Ualn: Supply voltage of each coil in volts;

Usn: Overvoltage peak at the terminals of each coil in

volts;

n: Coil number.

The results are presented in Table 1 and Fig. 7.

2. Test with 10 coils in series (phase I and phase II

in series).

We put phase I in series with phase II and we feed them

with the square signal produced by the FG (as shown in

Fig. 8) and we measure the voltages and surge peaks

Fig. 6. Diagram of the test with 5 coils in series.

Table 1. Table of the results for 5 coils.

Coils Ualn (V) Usn (V) Usn/Ualn

1 2 3.20 1.60

2 1.97 2.65 1.34

3 2 2.60 1.30

4 2.01 2.90 1.44

5 1.97 2.80 1.42

Fig. 7. (Color online) Graph representative of the results for 5

coils.

Fig. 8. (Color online) Diagram of the test with 10 coils in

series.

Fig. 9. (Color online) Graph representative of the results for

10 coils.
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across each of the five phase I coils.

Phase II is considered the equivalent of five coils in

series.

The results are displayed in the table below; they are

followed by a graphical representation by Fig. 9 and

Table 2.

3. Test with 15 coils in series (the three phases in

series).

The three phases of the stator are placed in series and

are supplied by the same square wave. Measurements of

voltage and overvoltage peaks are always taken at the

terminals of each of the constituent coils of phase I (Fig.

10).

The results of this test are displayed in the table below;

they are followed by a representative in Fig. 11 and

Table 3.

So, after testing, we have found that:

• The power signal distorts, exhibiting peaks as shown

in the Fig. 11;

• According to the results obtained, the length of the

winding is proportional to the overvoltage (a simple

comparison between the value of the Usn/Ualn ratio in

the case of a single phase which is equal to 1.6 and

the case of three phases in series which is 4.92,

confirms this observation.

4. Test with phase I in series with the two phases in

parallel.

In this test we keep the same number of coils (15 coils)

but we reduce the length of the stator windings by

connecting phase II in parallel with phase III and the two

are put in series with phase I, as illustrated by the diagram

in Fig. 12 below.

The results are displayed in the table above, followed

by a graphical representation in Fig. 13 and Table 4.

So, using the same number of coils (15 coils) but

depending on them in such a way as to have two different

lengths of the windings, we find that by using the length

of the windings by the use of the parallels we can reduce

the overvoltage.

Table 2. Table of the results for 10 coils.

Coils Ualn (V) Usn (V) Usn/Ualn

1 0.94 2.90 3,07

2 0.93 2.00 2,14

3 0.85 1.10 1,29

4 1.13 1.60 1,41

5 1.10 1.65 1,50

Fig. 10. (Color online) Diagram of the test with 15 coils in

series.

Fig. 11. (Color online) Graph representative of the results for

15 coils.

Table 3. Table of the results for 15 coils.

Coils Ualn (V) Usn (v) Usn/Ualn

1 0.55 2.69 4,92

2 0.54 1.59 2,93

3 0.56 0.89 1,58

4 0.66 1.09 1,64

5 0.64 0.99 1,55

Fig. 12. (Color online) Diagram of the test with parallel tracks.
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B. Tests with a cable

In this case, we have taken the effect of an existing

cable witch link the power supply and the electrical

motor. This montage is illustrated by the Fig. 14 below:

The same previous tests are repeated but inserting, this

time, a cable of different lengths between the power

supply and the motor stator. Fig. 15 illustrates the

appearance of the overvoltage graphs in both cases

(without cable and with cable).

The results of the tests carried out, with the values of

the largest peaks, are collated in Table 5 below.

The general observation that can be made in the case of

using cables of different lengths is summarized by the

expression: overvoltage is proportional to the length of

the cable, (they can reach more than six times (exactly

6.21) the value of the supply voltage in the case of a 20 m

cable).

6. General Analysis and Comparison 
of Results

Table 6 below shows the most important ratios of surge

peaks to supply voltages when using a cable of different

lengths or without using it.

So:

• Horizontal reading of the results allows us to say that:

 - As much as the windings are longer, the surge peaks

are more important;

 - Surges are mainly localized on the end coils.

• The vertical reading of the results allows us to:

 - Confirm that the use of cables increases surges. 

• On the other hand and by comparing the shape of the

signal in the two photographs in Fig. 15 above

(without cable/with cable), we notice that in the

Fig. 14. (Color online) Variable speed drive - cable – motor.

Fig. 15. (Color online) Image from the oscilloscope: (a) With-

out cable, (b) With cable.

Table 5. Influence of Cable Length on Overvoltage Values.

The pics values of (Usn / U aln )

Number of coils 5 coils 10 coils 15 coils

Cable (7 m) 1.91 3.28 5.64

Cable (13 m) 1.98 3.71 6.03

Cable (20 m) 2 3.76 6.21

Table 6. Comparison of Results.

The pics values of (Usn / U aln )

Number of coils 5 coils 10 coils 15 coils

Without cable 1.60 3.07 4.92

Cable (7 m) 1.91 3.28 5.64

Cable (13 m) 1.98 3.71 6.03

Cable (20 m) 2 3.76 6.21

Fig. 13. (Color online) Graph representative of the results for

parallel channels.

Table 4. Table of the results for parallel channels.

Coils Ualn (V) Usn (V) Usn/Ualn

1 0.94 3.45 3,66

2 0.93 2.25 2,41

3 0.85 1.45 1,70

4 1.13 2.25 1,98

5 1.09 2.15 1,96
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presence of the cable, the surges take much longer to

subside.

7. Conclusion

In this paper, an experimental study was presented to

clarify the effect of the presence of a unipolar cable in the

power supply of an induction motor. It was a question of

checking the appearance of overvoltage in order to limit

their peaks which are very dangerous for the motor coils

and can destroy them.

The results obtained in this study allowed drawing the

following conclusions:

• The overvoltage is not distributed over the entire

length of the winding in the same way but they are

located on the coils at the end;

• The overvoltage is proportional to the cable length;

• Overvoltage oscillations take longer to subside when

using a connection cable; 

• The use of parallel tracks contributes to the reduction

of overvoltage.
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