
Induction Machine Broken Rotor
Bar Diagnostics Using Prony

Analysis

by

Shuo Chen

A thesis submitted to the School of Electrical and

Electronic Engineering of the University of Adelaide

in partial ful�llment of the requirements

for the degree of

Master of Engineering Science

in

Electrical Engineering

Adelaide, Australia

April, 2008



c©2008 - Shuo Chen

All rights reserved.

Typeset in LATEX2ε



Contents

Contents i

Abstract v

Statement of Originality vii

Acknowledgement ix

List of Tables xi

List of Figures xiii

Nomenclature xvii

1. Introduction 1

1.1. Induction Machine Condition Monitoring and Fault Diagnostics . 1

1.2. Motor Current Signature Analysis . . . . . . . . . . . . . . . . . . 2

1.3. Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.4. Synopsis of Thesis . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2. Broken Rotor Bar Faults in Induction Machines and Non-Intrusive

Methods of Detection 7

2.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.2. The Induction Motor . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.2.1. The Construction of Induction Motors . . . . . . . . . . . 7

2.2.2. The Operation of Induction Motors . . . . . . . . . . . . . 8

i



CONTENTS

2.3. Induction Machine Broken Rotor Bar Faults . . . . . . . . . . . . 9

2.3.1. Causes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.3.2. Impact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

2.4. Detection of Broken Rotor Bar Faults . . . . . . . . . . . . . . . . 10

2.4.1. Presentation of Broken Rotor Bar Faults in Stator Current 10

2.4.2. Detection Indices . . . . . . . . . . . . . . . . . . . . . . . 14

2.4.3. Assessment of Rotor Fault Severity . . . . . . . . . . . . . 15

2.5. Limitations and Possible Improvement . . . . . . . . . . . . . . . 18

3. Model of an Induction Machine with Broken Rotor Bars 19

3.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

3.2. Mathematical Model . . . . . . . . . . . . . . . . . . . . . . . . . 20

3.2.1. Mathematical Model of an Induction Machine . . . . . . . 20

3.2.2. Mathematical Model of Broken Rotor Bars . . . . . . . . . 28

3.3. Model in Matlab/Simulink . . . . . . . . . . . . . . . . . . . . . . 30

3.3.1. Introduction of Matlab/Simulink . . . . . . . . . . . . . . 30

3.3.2. Model Description Equations for Matlab/Simulink . . . . . 31

3.3.3. Simulink Model in Block Diagrams . . . . . . . . . . . . . 33

3.4. Simulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

3.4.1. Initialization . . . . . . . . . . . . . . . . . . . . . . . . . . 38

3.4.2. Simulation Results . . . . . . . . . . . . . . . . . . . . . . 38

4. High-Resolution Spectral Analysis 41

4.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.2. Comparison Between Discrete Fourier Transform and Prony Analysis 42

4.2.1. Drawbacks of Discrete Fourier Transform . . . . . . . . . . 42

4.2.2. Features of Prony Analysis . . . . . . . . . . . . . . . . . . 43

4.3. The Original Prony Method . . . . . . . . . . . . . . . . . . . . . 44

4.4. Extended Least Squares Prony Method . . . . . . . . . . . . . . . 47

4.5. Iterative Prony Method . . . . . . . . . . . . . . . . . . . . . . . . 49

ii



CONTENTS

5. Implementation of Prony Analysis for Induction Motor Broken Bar

Detection 53

5.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

5.1.1. Study Description . . . . . . . . . . . . . . . . . . . . . . . 54

5.2. Data Acquisition and Preprocessing . . . . . . . . . . . . . . . . . 55

5.2.1. Sampling Frequency and Window Length . . . . . . . . . . 55

5.2.2. Data Preprocessing . . . . . . . . . . . . . . . . . . . . . . 56

5.3. Prony Estimation and Prediction . . . . . . . . . . . . . . . . . . 58

5.3.1. Stator Current Modulation . . . . . . . . . . . . . . . . . . 58

5.3.2. Fault Severity Assessment . . . . . . . . . . . . . . . . . . 63

5.4. Disadvantages of DFT and Solutions by Prony Analysis . . . . . . 65

5.4.1. Impact of Data Window Length . . . . . . . . . . . . . . . 65

5.4.2. Frequency Estimation Accuracy . . . . . . . . . . . . . . . 71

5.4.3. Small Load Conditions . . . . . . . . . . . . . . . . . . . . 74

5.5. Evaluation of Prony Analysis . . . . . . . . . . . . . . . . . . . . 75

5.5.1. Impact of Data Window Length . . . . . . . . . . . . . . . 76

5.5.2. Noise Impact . . . . . . . . . . . . . . . . . . . . . . . . . 76

5.5.3. Order Selection . . . . . . . . . . . . . . . . . . . . . . . . 76

5.6. Practical Implementation Test . . . . . . . . . . . . . . . . . . . . 78

5.6.1. Experiment Setup . . . . . . . . . . . . . . . . . . . . . . . 78

5.6.2. Test Results . . . . . . . . . . . . . . . . . . . . . . . . . . 79

6. Conclusion 83

6.1. The Broken Rotor Bar Fault . . . . . . . . . . . . . . . . . . . . . 83

6.2. The Induction Machine Model . . . . . . . . . . . . . . . . . . . . 84

6.3. The Implementation of Prony Analysis . . . . . . . . . . . . . . . 85

6.4. Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

Bibliography 87

iii



CONTENTS

A. Important Programs 93

A.1. Simulation Initialization . . . . . . . . . . . . . . . . . . . . . . . 93

A.1.1. Simulation Initialization File �Startsim.m� . . . . . . . . . 93

A.1.2. Machine Parameter Initialization File �motor_1hp.m� . . . 94

A.2. Least Squares Prony Method . . . . . . . . . . . . . . . . . . . . . 95

B. Important Equation Derivations 99

B.1. Derivation of Eq. (3.18) . . . . . . . . . . . . . . . . . . . . . . . 99

B.2. Derivation of Eq. (3.22) . . . . . . . . . . . . . . . . . . . . . . . 99

B.3. Derivation of Eq. (3.26) . . . . . . . . . . . . . . . . . . . . . . . 100

B.4. Derivation of Eq. (3.34) . . . . . . . . . . . . . . . . . . . . . . . 101

B.5. Derivation of the coe�cients in Eq. (4.3) . . . . . . . . . . . . . . 102

C. Parameters of Induction Machines 103

D. Prony Analysis Results 105

iv



Abstract

On-line induction machine condition monitoring techniques have been used widely

in the detection of motor broken rotor bars for decades. Research has found that

when broken bars occur in the machine rotor, the anomaly of electromagnetic �eld

in the air gap will cause two sideband frequency components presenting in the sta-

tor current spectrum. Therefore, identi�cation of these sideband frequencies can

be used as a convenient and reliable approach to broken rotor bar fault diagnosis.

Discrete Fourier Transform (DFT) is a conventional spectral analysis method used

in this application. However, the use of DFT has several limitations. The most

important one among them is the restriction of frequency resolution by window

length. Due to this limitation, the accuracy of broken rotor bar detection can

be highly a�ected in cases such as light machine load and limited data records.

However, Prony's method for spectral analysis has the ability of overcoming the

restriction of data window length on the frequency resolution, from which the

DFT su�ers. Such feature makes Prony's method a promising choice for broken

rotor bar diagnosis when the machine is operating under light or varying load,

or when only restricted data is available. In this thesis, I have demonstrated

the implementation of this technique in the induction motor broken rotor bar

detection, revealed its better performance than DFT in terms of maintaining high

resolution in frequency domain whilst using a much shorter window, and analyzed

the in�uential factors to the method of Prony Analysis (PA).

In this thesis, an induction machine model that includes broken rotor bars is

developed using Matlab/Simulink and veri�ed by comparing the experimental

and the simulated results. The Prony Analysis method for broken bar diagnosis

is implemented and tested using both simulated and measured stator current

data. Comparisons between PA and DFT results are presented, clearly indicating

improvements of broken bar diagnostics using PA.
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