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Torque and speed harmonic analysis of a PWM
CSl-fed induction motor drive
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This paper analyses the transient and steady state behaviour of a pulse width modulated current-source-inverter fed induction motor drive. It pays par-
ticular attention to the relationship between the harmonic components of the current, torque and speed, in order to provide strategies to minimize certain
torque and speed harmonics. It shows that pulse width modulation slows down the dynamic response time of the motor.

Indexing terms: PWM inverter, induction motor, analysis, current source inverter.

List of principal symbols

Csl current source inverter
dB decibels

FFT Fast Fourier Transform
H inertia constant = Jw/2 Jw,/2
L stator current of line A
In; stator current of line B
Ies stator current of line C
Ipe direct current

in stator d-axis current

in rotor d-axis current

ig stator g-axis current

i rotor g-axis current

J inertia of motor

Ly stator self inductance
Lo rotor self inductance
L., mutual inductance

[M] matrix M

[M]T transpose of a matrix M
[M]! inverse of a matrix M

D derivative operator d/dt
p-Uu. per unit

PWM pulse width modulation
R, stator phase resistance
R, rotor phase resistance
fg electrical torque

T, load torque

Var stator d-axis voltage

Vs rotor d-axis voltage

Vai stator g-axis voltage

Vg2 rotor g-axis voltage

@ angle of pulse width modulation
A 2m/3 rad.

W, base speed in rad®/s

w fundamental frequency of inverter rad®/s
w, rotor speed in rad®/s

6 arbitrary angle = wt

| Introduction

There is an increasing need for variable speed drives,
and with the advent of power semi-conductors the vari-
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able frequency fed induction motor drive is becoming a
serious competitor for the conventional dc motor drive.
Frequency conversion usually takes place by first rectify-
ing the fixed ac mains and then inverting to a new vari-
able frequency. The dc link between rectifier and in-
verter can be operated with the link voltage held
constant, or with the link current held constant; the lat-
ter method is illustrated in Fig 1 and is usually referred to

as a constant link current or current source inverter
(CSI).
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Fig | Current source inverter fed induction motor

This paper investigates the behaviour of an induction
motor supplied from a CSI which switches the dc link
current sequentially through the stator phase windings.
The stator phase current therefore consists of a series of
blocks or pulses per half cycle which represent a funda-
mental sine wave plus numerous harmonics. As a conse-
quence, the induced rotor current also contains numer-
ous harmonics. All these current harmonics give rise to
the two types of parasitic torques,'" namely those which
have constant values and those which pulsate as a func-
tion of time; both these types are described below:

(a) A steady parasitic torque is produced when a cur-
rent harmonic in the rotor interacts with an air gap flux
harmonic of the same order. It has a non-zero constant
average value and can either add to or subtract from the
steady torque (called the fundamental torque) produced
by the fundamental current and fundamental air gap flux
to yield a net steady electrical torque. In a three phase
bridge rectifier or inverter, all even harmonics of current






