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Abstract

It is not quite uncommon, in general, to use DC motors in industrial
applications, but after the introduction of power electronics, AC
motors grabbed much importance. Of these, induction motors are
widely used in industrial and domestic applications due to the
advantages like simple construction, ruggedness, flexible control,
good efficiency and low cosl. In order to control the stator vollage
and speed, PWM inverters are used. But the usage of PWM inverters
has the effects like non-uniform voltage distribution and increase in
the temperature.

Recent advances in power electronic switching device technology
have resulted in dramatic improvements and cost reduction of pulse-
width modulated AC adjustable speed drives. Concomitant with the
better performance enabled by the high switching speed and
increased switching frequency they have also raised several concerns
related to the consequences of high speed switching. One of these
concerns is the over-voltage that appears at the motor terminals due
to the impedance mismatch between the power cable and the motor.
In this paper a developed accurate simulation models for power
cables and motors that allow a better understanding of the over-
voltage problems. The models can be readily implemented using
computational tools like MATLAB, thereby providing a convenient
method to develop the best dv/dt filter solution for a particular drive.
The power cable is modeled using several lumped-parameter
segments of a lossy representation of transmission line. An algebraic
analysis is developed to choose an adequate number of lumped-
parameter segments. The number of required segments is a function
of the pulse rise time, cable characteristic parameters and cable
length. Simulation results are presented analyzing the over-vollage
problem for a wide range of cable lengths for 3hp, 15hp and 40hp
motors. The most important filter networks are also designed and the
solutions are investigated using the simulation programs.

Index Terms— PWM Inverter, induction motor, filter design,
insulation failure, reflection analysis, mismatch impedance.

[. INTRODUCTION

Induction motors are widely used for driving various thermal
power plant auxiliaries such as induced draft fans; boiler feed
pumps, conveyers, coal crushers ete., as well as various drives
in chemical and other industries. These are very critical to
sustain plant production. A motor failure can have severe
economic consequences.

Recently two independent surveys have been carried out to
access the reliability of motors in utility and general industrial

applications. Both the surveys found that the stator insulation
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failure accounted for about one third of the failures in all
motors components. In motors, where form-wound multi-turn
coils are always employed, stator insulation failures result
from either the failure of turn-to-ground insulation itself or
turn-to-turn insulation which leads to ground insulation
failure. Reduction in the failure of stator insulation therefore
greatly improves the reliability of plant operation. This has
lead to detailed investigations for analysis of the mechanisms
of such motor failures, their causes
overcoming the same and their efficiency.

and methods of

The flexibility of speed control and the ruggedness of
induction motors have made inverter fed induction motors
very common in variable speed applications. Voltage source
Pulse Width Modulation (PWM) inverters fed induction
motors are very commonly used once for small and medium
sized induction motors. When the motor is fed by an inverter
power supply, there will be non-sinusoidal voltages and
currents in the motor windings which result in additional
losses. This problem is often overcome by de-rating the motor
depending upon the type of inverter used.

The insulation withstand capability of the motor is of real
concern when voltage source PWM inverters are used. With a
PWM inverter power supply, the motor winding is subjected
to a train of wave fronts several times in a fundamental cycle.
As high switching speed and frequency are enabling
adjustable speed drives with better performance, concerns
have arisen related to certain unintended consequences of the
same. One of these concerns is the over-voltage problem due
to steep voltage fronts and short pulse rise time from the
inverter traveling along long power cable feeding the motors.
The over-voltage is explained as a voltage pulse, initiated at
the inverter, traveling along the cable and being reflected at
the motor terminal due to the mismatch between the surge
impedance of the motor and the cable. Its behavior is
dependent, however, on the characteristics of voltage pulse
rise time and of the cable. The objective of this paper is to
present a definitive study of the motor over-voltage
phenomena by developing accurate and fast simulation models
for power cables and motors that allow a better understanding
of the over-voltage problem. The models can also be used to
provide a convenient tool to benchmark the best dv/dt filter
solution for a particular drive.
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Fig.1 System representation in MATLAB

III. SIMULATION RESULTS FOR DEFFERENT CABLE
LENGTHS

Using the high frequency models presented in the preceding
sections, a simulation program has been developed in
MATLAB to calculate the over voltage, driving three different
induction motor power ratings (3hp, 15hp and 40 hp).

The following figures show the maximum line-to-line
voltage at the motor as a function of terminal voltage pulse
rise times for different cable lengths (10m, 20m and 50m) for
a 3hp motor.

VOLTAGE FROFILE WITH OUT FILTER FOR 3HP MOTORWITH 10m CABLE
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Fig.2 Voltage profile with out filter for 3HP Motor with 10m Cable
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TABLE 1
3HP MOTOR FOR DIFFERENT CABLE LENGTHS

Cable length (m) Peak Voltage (volts)
10 1000
20 1033
50 1048

Table 1.shows the value of delay time, rise time of both
inverter output and motor output voltage and peak voltage for
different cable length for 3 HP motor

From the waveforms and the tablel, it is observed that the
voltage at the motor terminals becoming higher as the length of
the cable increase for the same rise time and as the rise time
increases the over voltage reduces for the same length of cable.
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