
 

THE EFFECT OF DIFFERENT STATOR SLOT 

SIZE ON FLUX AND LOSSES DISTRIBUTION IN 

0.5 HP INDUCTION MOTOR 

 

 

 

 

 

 

 

 

 

 
NOR SHAFIQIN BINTI SHARIFFUDDIN 

 

 

 

 

 

 

 

 

 

 

 
UNIVERSITI MALAYSIA PERLIS 

2012 
 

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 
 

 

The Effect of Different Stator Slot Size on 

Flux and Losses Distribution in 0.5 Hp 

Induction Motor 

 

 
by 

 

 

Nor Shafiqin Binti Shariffuddin 

 (0930910374) 

 

 
A thesis submitted 

In fulfillment of the requirement for the degree of  

Master of Science (Electrical Systems Engineering) 

 

 

School of Electrical Systems Engineering 

UNIVERSITI MALAYSIA PERLIS 

 
2012 

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



UNIVERSITI MALAYSIA PERLIS 

 
 

DECLARATION OF THESIS 

Author’s full name : Nor Shafiqin Binti Shariffuddin 

Date of birth  : 15 February 1983 

Title                            : The Effect of Different Stator Slot Size on Flux and Losses 

Distribution in 0.5 Hp Induction Motor 

Academic Session : 2009-2011 

 

I hereby declare that the thesis becomes the property of Universiti Malaysia Perlis (UniMAP) 

and to be placed at the library of UniMAP. This thesis is classified as: 

  

CONFIDENTIAL {Contains confidential information under the Official Secret 

Act 1972} 

 

RESTICTED {Contains restricted information as specified by the 

organization where research was done} 

 

OPEN ACCESS I agree that my thesis is to be made immediately available as 

hard copy or on-line open access (full text) 

 

I, the author, give permission to the UniMAP to reproduce this thesis in whole or in part for 

the purpose of research or academic exchange only (except during a period of      years, if so 

requested above). 

       Certified by: 

 

        _______________________                              ____________________________ 

                    SIGNATURE     SIGNATURE OF SUPERVISOR 

        Nor Shafiqin Binti Shariffuddin    Prof. Dr. Ismail Bin Daut 

        IC. NO:  830215-08-5674                          

        Date: 15 February 2012       Date: 15 February 2012 

       

 

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 ii 

 

 

ACKNOWLEDGEMENT 

 

 

 

 

Alhamdulillah, thankful to Allah for giving me strength and patience to 

complete my research and this research project would not have possible without the 

support of many people. Firstly, I wish to express my gratitude to my supervisor, Prof. 

Dr. Ismail Bin Daut who was abundantly helpful and offered invaluable assistance, 

support and guidance. Deepest gratitude also to the members of the supervisory 

committee, Pn. Siti Rafidah Binti Abdul Rahim, Mr. Gomesh Nair and Mr. Mohd Asri 

Bin Jusoh, without whose knowledge and assistance this study would not have been 

successful. 

 

Special thanks to all my graduate friends, especially machine group members 

and technician team for sharing the literature and invaluable assistance. Not forgetting 

to my best friends who always been there. I would also like to convey thanks to the 

Ministry and School of Electrical Systems Engineering for providing the financial 

means and laboratory facilities. 

 

Last but not least, I wish to express my love and gratitude to my beloved 

families, for their understanding and endless love, through the duration of my studies.  

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 iii 

TABLE OF CONTENTS 

 

  Page 

THESIS DECLARATION i 

ACKNOWLEDGMENT ii 

TABLE OF CONTENTS iii 

LIST OF TABLES vii 

LIST OF FIGURES ix 

LIST OF SYMBOL, ABBREVIATIONS OR NOMENCLATURE xx 

ABSTRAK xxii 

ABSTRACT xxiii 

   

CHAPTER 1 AIM OF THE INVESTIGATION 1 

   

CHAPTER 2 MATERIAL PROPERTIES, FLUX DISTRIBUTIONS AND LOSSES 

2.1 Material Properties of Electrical Steel Sheets 4 

 2.1.1 Techniques to Improve Magnetic Efficiency 6 

 2.1.2 Magnetization Processes and Domain Structure 8 

 2.1.3 Saturation curve 10 

 2.1.4 The Rotational Magnetisation 11 

 2.1.5 The Alternating Magnetisation 12 

2.2 Flux Distribution In Induction Motor 13 

 2.2.1 The Excitation Current in Induction Motor 15 

 2.2.2 The Effect of Core Geometry on Flux Distribution 15 

 2.2.3 The Stator Slot Shape Design of Induction Motor 16 

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 iv 

 2.2.4 The Effect of Air Gap in Induction Motor 18 

2.3 Losses in Magnetic Material 19 

 2.3.1 Hysteresis Loss 19 

 2.3.2 Eddy Current Loss 21 

 2.3.3 Power Loss Measurements 22 

    

CHAPTER 3 INDUCTION MACHINE FUNDAMENTALS 

3.1 Induction Machine Theory 24 

3.2 Losses and the Power-Flow Diagram of Induction Motor 26 

3.3 Induction Motor Losses Investigation Based on Finite Element Method 

(FEM) 

28 

    

CHAPTER 4 INDUCTION MOTOR  FEM MODELING  

4.1 FEM Modeling Preview 31 

4.2 Designing the Induction Motor 32 

4.3 Generating Results 40 

    

CHAPTER 5 STATOR FABRICATION AND EXPERIMENTAL PROCEDURE 

5.1 Design of Stator Model 46 

5.2 Fabrication of Stator Model 48 

 5.2.1 Lamination of Block Stator 48 

 5.2.2 Cutting Block Stator by EDM Wire Cut Machine 49 

5.3 Experimental Procedure 52 

 5.3.1 Nominal Power Loss Test 52 

 5.3.2 Measurement of Localised Flux Density 56 

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 v 

 5.3.3 The Measurement of Stator Localised Power Loss 56 

 5.3.4 Stator Core Model Windings 62 

 5.3.5 Experimental on both  Stator Core Model 64 

    

CHAPTER 6 RESULTS AND DISCUSSION 

6.1 Comparison of different Stator Slot Size (6 mm & 8 mm) using FEM 

Modeling 

65 

 6.1.1 Nameplate 65 

 6.1.2 Equivalent circuit 67 

 6.1.3 Equivalent circuit analysis 68 

 6.1.4 Instantaneous fields (Electromagnetic field) 74 

6.2 Nominal Power Loss 76 

 6.2.1 Nominal Power Loss Measurement of Non Grain Oriented Steel 

using Epstein Tester Frame and Iron Loss Tester 

77 

 6.2.2 Nominal Power Loss Measurement of Non Grain Oriented Steel 

using Iron Loss Tester at the Different Angle 

77 

6.3 Localised Peak Flux Density at the Stator Core 79 

 6.3.1 Localised Fundamental Component of Peak Flux Density at 

Stator Core 

80 

 6.3.2 Localised Peak Flux Density of the Third Harmonic at Stator 

Core 

91 

 6.3.3 Localised Peak Flux Density of the Fifth Harmonic at Stator 

Core 

103 

 6.3.4 

 

Localised Peak Flux Density of the Seventh Harmonic at Stator 

Core 

 

115 

 

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 vi 

6.3.5 The Normal Flux Density of the Fundamental Component 131 

 6.3.6 Overall Peak In-plane Flux Density Distribution at the Stator 

Core 

135 

6.4 The Localised Power Loss at the Stator Core 159 

 6.4.1 Overall Power Loss Distribution at the Stator Core 171 

    

CHAPTER 7 CONCLUSION AND RECOMMENDATION 

7.1 Conclusions 181 

7.2 Recommendations and Future Work 184 

    

REFERENCES 185 

    

APPENDIX A 190 

APPENDIX B 195 

APPENDIX C 214 

APPENDIX D 215 

APPENDIX E 227 

 

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 vii 

LIST OF TABLES 

 

 

Table No.  Page 

4.1 Data modifications for model’s general characteristics 33 

4.2 Data modifications for rotor characteristics 34 

4.3 Data modifications for stator characteristics 36 

4.4 Data modifications for coil windings characteristics 38 

5.1 Geometry details for both stators 46 

6.1 Winding loss data of stator slot size 6 mm from AC analysis 68 

6.2 Winding loss data of stator slot size 8 mm from AC analysis 69 

6.3 Total loss data of stator slot size 6 mm from AC analysis 71 

6.4 Total loss data of stator slot size 8 mm from AC analysis 72 

6.5 Nominal power loss measurement of non grain oriented steel at 

different angle 

78 

6.6 Average peak in-plane flux density distribution of fundamental, 

3rd, 5th and 7th harmonic components for both stator core 

model at 1.0 T, 50 Hz 

140 

6.7 Average peak in-plane flux density distribution of fundamental, 

3rd, 5th and 7th harmonic components for both stator core 

model at 1.5 T, 50 Hz 

148 

6.8 Average peak in-plane flux density distribution of fundamental, 

3rd, 5th and 7th harmonic components for both stator core 

model at 1.8 T, 50 Hz 

156 

6.9 Average of localised power loss distribution at different region 

for both stator core model at 1.0 T, 50 Hz 

174 

6.10 Average of localised power loss distribution at different region 

for both stator core model at 1.5 T, 50 Hz 

177 

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 viii 

6.11 Average of localised power loss distribution at different region 

for both stator core model at 1.8 T, 50 Hz 

180 

 

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 ix 

LIST OF FIGURES 

 

 

Figure No.  Page 

2.1 Total and hysteresis specific losses per cycle in NO sheets versus 

Si + Al composition 

6 

2.2 Relationship between electrical resistivity and silicon content 7 

2.3 Effect of the grain size on the loss for the three compositions of 

Si-Fe sheets 0.35 mm thick 

9 

2.4 Domain wall structure of non grain oriented steel 10 

2.5 Saturation curve 11 

2.6 Flux distribution in the stator core of induction motor 14 

2.7 The stator slot shape design and their position under test 17 

2.8 Comparison of fundamental magnetic flux density distribution 17 

2.9 Typical hysteresis loop 20 

3.1 Stator and rotor laminations 25 

3.2 Flux distribution in a 4 pole machine at any one moment 25 

3.3 Equivalent circuit model of the induction machine, per phase 26 

3.4 The power-flow of an induction motor 27 

4.1 Induction motor FEM workflow 32 

4.2 Specifying the model’s general characteristics 33 

4.3 Specifying the rotor characteristics 35 

4.4 Specifying the stator characteristics 37 

4.5 Cross sectional part of induction motor design for stator slot size 6 

mm by FEM 

37 

   

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 x 

4.6 Cross sectional part of induction motor design for stator slot size 8 

mm by FEM 

38 

4.7 Specifying the coil windings characteristics 39 

4.8 Complete induction motor design with coil windings 39 

4.9 Performance table – Nameplate 40 

4.10 Nameplate table 41 

4.11 Performance table- Equivalent circuit 42 

4.12 Equivalent circuit 42 

4.13 Analysis chart 43 

4.14 Various loss curve 43 

4.15 Field 44 

4.16 Instantaneous fields 45 

5.1 Design model of stator slot size 6 mm 47 

5.2 Design model of stator slot size 8 mm 47 

5.3 The lamination of non grain oriented steel in the block size 48 

5.4 Grinding process of block stator 49 

5.5 EDM wire cut machine 51 

5.6 Sample of wire cut roll 51 

5.7 The stator core after cutting process for both models 52 

5.8 Epstein test diagram 54 

5.9 Nominal power loss test at different angle 55 

5.10 The rolling and transverse direction for nominal power loss test 55 

5.11 Iron Loss Tester with the non grain oriented steel strip 55 

5.12 Holes drilled at the stator core 58 

5.13 Locations of search coil 59 

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 xi 

5.14 Twisted search coil 59 

5.15 The thermistor circuit 61 

5.16 Position of thermistors at stator lamination surface 62 

5.17 Stator and coil assembly 63 

5.18 Winding of 4 pole, 24 slots, 3-phase induction motor 63 

5.19 Equipment set up for testing the stator core model 64 

6.1 0.5 Hp induction motor nameplate for both stator slot size (a) 

stator slot size 6 mm; (b) stator slot size 8 mm 

66 

6.2 0.5 Hp induction motor parameter (equivalent circuit) for both 

stator slot size 

67 

6.3 Graph of stator copper loss for stator slot width 8 mm and 6 mm 70 

6.4 Graph of total loss for stator slot width 8 mm and 6 mm 73 

6.5 Graph of efficiency for stator slot width 8 mm and 6 mm 74 

6.6 Flux density for both stator slot size 75 

6.7 Measurement of nominal power loss for non grain oriented steel 

using Epstein Tester and Iron Loss Tester 

77 

6.8 Measurement of nominal power loss at different angle magnetized 

at 1.5 T 

79 

6.9 Flux density distribution at stator core model for (a) stator slot size 

6 mm; (b) stator slot size 8mm magnetised at 1.0 T 

82 

6.10 Flux density distribution at stator core model for (a) stator slot size 

6mm; (b) stator slot size 8 mm magnetised at 1.5 T 

83 

6.11 Flux density distribution at stator core model for (a) stator slot size 

6 mm; (b) stator slot size 8 mm magnetised at 1.8 T 

84 

   

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 xii 

6.12 Mesh and contour graph for distribution of fundamental 

component of peak flux density for stator slot size 6 mm model at 

1.0 T 

85 

6.13 Mesh and contour graph for distribution of fundamental 

component of peak flux density for stator slot size 8 mm model at 

1.0 T 

86 

6.14 Mesh and contour graph for distribution of fundamental 

component of peak flux density for stator slot size 6 mm model at 

1.5 T 

87 

6.15 Mesh and contour graph for distribution of fundamental 

component of peak flux density for stator slot size 8 mm model at 

1.5 T 

88 

6.16 Mesh and contour graph for distribution of fundamental 

component of peak flux density for stator slot size 6 mm model at 

1.8 T 

89 

6.17 Mesh and contour graph for distribution of fundamental 

component of peak flux density for stator slot size 8 mm model at 

1.8 T 

90 

6.18 Third harmonic flux density distribution at stator core model for 

(a) stator slot size 6 mm; (b) stator slot size 8 mm magnetised at 

1.0 T 

94 

6.19 Third harmonic flux density distribution at stator core model for 

(a) stator slot size 6 mm; (b) stator slot size 8 mm magnetised at 

1.5 T 

95 

   

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 xiii 

6.20 Third harmonic flux density distribution at stator core model for 

(a) stator slot size 6 mm; (b) stator slot size 8 mm magnetised at 

1.8 T 

96 

6.21 Mesh and contour graph for distribution of third harmonic 

component of peak flux density for stator slot size 6 mm model at 

1.0 T 

97 

6.22 Mesh and contour graph for distribution of third harmonic 

component of peak flux density for stator slot size 8 mm model at 

1.0 T 

98 

6.23 Mesh and contour graph for distribution of third harmonic 

component of peak flux density for stator slot size 6 mm model at 

1.5 T 

99 

6.24 Mesh and contour graph for distribution of third harmonic 

component of peak flux density for stator slot size 8 mm model at 

1.5 T 

100 

6.25 Mesh and contour graph for distribution of third harmonic 

component of peak flux density for stator slot size 6 mm model at 

1.8 T 

101 

6.26 Mesh and contour graph for distribution of third harmonic 

component of peak flux density for stator slot size 8 mm model at 

1.8 T 

102 

6.27 Comparison of harmonic flux density at stator core 103 

6.28 Fifth harmonic flux density distribution at stator core model for (a) 

stator slot size 6 mm; (b) stator slot size 8 mm magnetised at 1.0 T 

106 

   

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 xiv 

6.29 Fifth harmonic flux density distribution at stator core model for (a) 

stator slot size 6 mm; (b) stator slot size 8 mm magnetised at 1.5 T 

107 

6.30 Fifth harmonic flux density distribution at stator core model for (a) 

stator slot size 6 mm; (b) stator slot size 8 mm magnetised at 1.8 T 

108 

6.31 Mesh and contour graph for distribution of fifth harmonic 

component of peak flux density for stator slot size 6 mm model at 

1.0 T 

109 

6.32 Mesh and contour graph for distribution of fifth harmonic 

component of peak flux density for stator slot size 8 mm model at 

1.0 T 

110 

6.33 Mesh and contour graph for distribution of fifth harmonic 

component of peak flux density for stator slot size 6 mm model at 

1.5 T 

111 

6.34 Mesh and contour graph for distribution of fifth harmonic 

component of peak flux density for stator slot size 8 mm model at 

1.5 T 

112 

6.35 Mesh and contour graph for distribution of fifth harmonic 

component of peak flux density for stator slot size 6 mm model at 

1.8 T 

113 

6.36 Mesh and contour graph for distribution of fifth harmonic 

component of peak flux density for stator slot size 8 mm model at 

1.8 T 

114 

6.37 Seventh harmonic flux density distribution at stator core model for 

(a) stator slot size 6 mm; (b) stator slot size 8 mm magnetised at 

1.0 T 

117 

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 xv 

6.38 Seventh harmonic flux density distribution at stator core model for 

(a) stator slot size 6 mm; (b) stator slot size 8 mm magnetised at 

1.5 T 

118 

6.39 Seventh harmonic flux density distribution at stator core model for 

(a) stator slot size 6 mm; (b) stator slot size 8 mm magnetised at 

1.8 T 

119 

6.40 Mesh and contour graph for distribution of seventh harmonic 

component of peak flux density for stator slot size 6 mm model at 

1.0 T 

120 

6.41 Mesh and contour graph for distribution of seventh harmonic 

component of peak flux density for stator slot size 8 mm model at 

1.0 T 

121 

6.42 Mesh and contour graph for distribution of seventh harmonic 

component of peak flux density for stator slot size 6 mm model at 

1.5 T 

122 

6.43 Mesh and contour graph for distribution of seventh harmonic 

component of peak flux density for stator slot size 8 mm model at 

1.5 T 

123 

6.44 Mesh and contour graph for distribution of seventh harmonic 

component of peak flux density for stator slot size 6 mm model at 

1.8 T 

124 

6.45 Mesh and contour graph for distribution of seventh harmonic 

component of peak flux density for stator slot size 8 mm model at 

1.8 T 

125 

6.46 The direction of the flux transfer between the lamination 126 

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 xvi 

6.47 Mesh and contour graph of fundamental component of the normal 

flux density for stator slot size 6 mm model at 1.0 T 

129 

6.48 Mesh and contour graph of fundamental component of the normal 

flux density for stator slot size 8 mm model at 1.0 T 

130 

6.49 Mesh and contour graph of fundamental component of the normal 

flux density for stator slot size 6 mm model at 1.5 T 

131 

6.50 Mesh and contour graph of fundamental component of the normal 

flux density for stator slot size 8 mm model at 1.5 T 

132 

6.51 Mesh and contour graph of fundamental component of the normal 

flux density for stator slot size 6 mm model at 1.8 T 

133 

6.52 Mesh and contour graph of fundamental component of the normal 

flux density for stator slot size 8 mm model at 1.8 T 

134 

6.53 Subdivided of stator core geometry for average peak in-plane flux 

density in the stator core at 1.0 T, 1.5 T and 1.8 T, 50 Hz 

135 

6.54 Distribution of fundamental components of peak in-plane flux 

density for (A) stator slot size 6 mm; (B) stator slot size 8 mm at 

1.0 T, 50 Hz 

136 

6.55 Distribution of third harmonic components of peak in-plane flux 

density for (A) stator slot size 6 mm; (B) stator slot size 8 mm at 

1.0 T, 50 Hz 

137 

6.56 Distribution of fifth harmonic components of peak in-plane flux 

density for (A) stator slot size 6 mm; (B) stator slot size 8 mm at 

1.0 T, 50 Hz 

138 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 xvii 

6.57 Distribution of seventh harmonic components of peak in-plane 

flux density for (A) stator slot size 6mm; (B) stator slot size 8 mm 

at 1.0 T, 5 0Hz 

139 

6.58 Comparison of average (a) fundamental; (b) 3
rd

; (c) 5
th

; (d) 7
th

 

harmonic components of peak in-plane flux density at the different 

regions for both stators core model at 1.0 T, 50 Hz 

142 

6.59 Distribution of fundamental components of peak in-plane flux 

density for (A) stator slot size 6 mm; (B) stator slot size 8 mm at 

1.5 T, 50 Hz 

144 

6.60 Distribution of third harmonic components of peak in-plane flux 

density for (A) stator slot size 6 mm; (B) stator slot size 8 mm at 

1.5 T, 50 Hz 

145 

6.61 Distribution of fifth harmonic components of peak in-plane flux 

density for (A) stator slot size 6 mm; (B) stator slot size 8 mm at 

1.5 T, 50 Hz 

146 

6.62 Distribution of seventh harmonic components of peak in-plane 

flux density for (A) stator slot size 6 mm; (B) stator slot size 8 mm 

at 1.5 T, 50 Hz 

147 

6.63 Comparison of average (a) fundamental; (b) 3
rd

; (c) 5
th

; (d) 7
th

 

harmonic components of peak in-plane flux density at the different 

regions for both stators core model at 1.5 T, 50 Hz 

150 

6.64 Distribution of fundamental components of peak in-plane flux 

density for (A) stator slot size 6 mm; (B) stator slot size 8 mm at 

1.8 T, 50 Hz 

152 

   

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 xviii 

6.65 Distribution of third harmonic components of peak in-plane flux 

density for (A) stator slot size 6 mm; (B) stator slot size 8 mm at 

1.8 T, 50 Hz 

153 

6.66 Distribution of fifth harmonic components of peak in-plane flux 

density for (A) stator slot size 6 mm; (B) stator slot size 8 mm at 

1.8 T, 50 Hz 

154 

6.67 Distribution of seventh harmonic components of peak in-plane 

flux density for (A) stator slot size 6 mm; (B) stator slot size 8 mm 

at 1.8 T, 50 Hz 

155 

6.68 Comparison of average (a) fundamental; (b) 3
rd

; (c) 5
th

; (d) 7
th

 

harmonic components of peak in-plane flux density at the different 

regions for both stators core model at 1.8 T, 50 Hz 

158 

6.69 Localised power loss distribution at stator core model for (a) stator 

slot size 6 mm; (b) stator slot size 8 mm magnetised at 1.0 T 

162 

6.70 Localised power loss distribution at stator core model for (a) stator 

slot size 6 mm; (b) stator slot size 8 mm magnetised at 1.5 T 

163 

6.71 Localised power loss distribution at stator core model for (a) stator 

slot size 6 mm; (b) stator slot size 8mm magnetised at 1.8 T 

164 

6.72 Mesh and contour graph for distribution of localised power loss 

for stator slot size 6 mm model at 1.0 T 

165 

6.73 

 

6.74 

Mesh and contour graph for distribution of localised power loss 

for stator slot size 8 mm model at 1.0 T 

Mesh and contour graph for distribution of localised power loss 

for stator slot size 6 mm model at 1.5 T 

166 

 

167 

   

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 xix 

6.75 Mesh and contour graph for distribution of localised power loss 

for stator slot size 8 mm model at 1.5 T 

168 

6.76 Mesh and contour graph for distribution of localised power loss 

for stator slot size 6 mm model at 1.8 T 

169 

6.77 Mesh and contour graph for distribution of localised power loss 

for stator slot size 8 mm model at 1.8 T 

170 

6.78 The localised power losses at 1.3 T and 1.5 T overall core fluxes 171 

6.79 Comparison of temperature rises in initial and optimal sample 171 

6.80 Subdivided of stator core geometry for average power loss at the 

stator core at 1.0 T, 1.5 T and 1.8 T, 50 Hz 

172 

6.81 Distribution of localised power loss for (A) stator slot size 6mm; 

(B) stator slot size 8mm at 1.0 T, 50 Hz 

173 

6.82 Comparison of average power loss at the different regions for both 

stators core model at 1.0 T, 50 Hz 

174 

6.83 Distribution of localised power loss for (A) stator slot size 6mm; 

(B) stator slot size 8mm at 1.5 T, 50 Hz 

176 

6.84 Comparison of average power loss at the different regions for both 

stators core model at 1.5 T, 50 Hz 

177 

6.85 Distribution of localised power loss for (A) stator slot size 6mm; 

(B) stator slot size 8 mm at 1.8 T, 50 Hz 

179 

6.86 Comparison of average power loss at the different regions for both 

stators core model at 1.8 T, 50 Hz 

180 

 

 

 

 

 

 

 

 

 

 

 

 

©
 Th
is 
ite
m 
is 
pr
ot
ec
te
d b
y o
rig
ina
l c
op
yri
gh
t 



 xx 

LIST OF SYMBOLS, ABBREVIATIONS OR NOMENCLATURE 

 

 

Φ Magnetic Flux 

 Ohm 

°C Celsius 

µ Magnetic Permeability 

A Ampere 

A Cross Sectional on the Surface of Yoke 

AC Alternating Current 

Al Aluminium 

B Magnetic Flux Density 

Bmax Maximum Value of Flux Density 

Br Remanence Magnetisation 

Bs Saturation Magnetisation 

C Composed 

cm Centimetre 

DC Direct Current 

emf Electromotive Force 

f Frequency 

FEA Finite Element Analysis 

FEM Finite Element Method 

H Magnetic Field Strength 

Hc Coercive Field 

HP Horse Power 

IM Induction Motor 
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IR Rotor Current 

IS Stator Current 

LR Rotor Inductance 

LS Stator Inductance 

m Meter 

mm millimeter 

MMF Magneto Motive Force 

N Number of Winding Turns 

NEMA National Electrical Manufacturers Association 

NO Non Oriented 

NTC Negative Temperature Coefficient 

PWM Pulse Width Modulation 

RPM Revolution per Minute 

RR Rotor Resistance 

RS Stator Resistance 

s Slip 

SR Switched Reluctance 

T Tesla 

t Thickness of Yoke Lamination 

V Volt 

Vs Voltage Supply 

W Watt 

w Width of Yoke Lamination 
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Kesan Saiz Slot Pemegun Yang Berbeza Pada Pengagihan Flux Dan Kerugian Di 

dalam 0.5 Hp Motor Induksi 

 

 

 

 

ABSTRAK 
 

 

 

Satu kajian reka bentuk slot pemegun dijalankan untuk motor induksi adalah untuk 

meningkatkan kecekapan dan mengurangkan kerugian. Dalam tesis ini, kesan saiz slot 

pemegun yang berbeza pada pengagihan fluks dan kerugian di dalam 0.5 hp motor 

induksi telah disiasat dengan teliti melalui FEM dan kerja-kerja uji kaji. Dua model 

teras pemegun dengan saiz slot 6 mm dan 8 mm telah direka didalam projek ini. Skop 

menggunakan FEM menunjukkan parameter seperti kehilangan tembaga pemegun, 

jumlah kerugian dan kecekapan. Keputusan ini kemudiannya dibincangkan dari segi 

perbezaan di antara dua saiz slot pemegun. Teknik-teknik eksperimen telah dijalankan 

untuk mengukur ketumpatan fluks pengedaran setempat bagi komponen asas dan 

individu harmonik (perintah ganjil) dalam pemegun dengan menggunakan kaedah 

search coil dan pengagihan kehilangan kuasa setempat di seluruh teras pemegun dengan 

menggunakan kaedah termistor. Ketumpatan fluks setempat dibandingkan dengan garis 

magnet yang berpotensi (FEM) untuk mengesahkan persamaan pengagihan fluks dalam 

teras pemegun. Pengagihan fluks adalah menurun ke arah kawasan luar teras pemegun 

dan pada gigi pemegun; ketumpatan fluks adalah lebih tinggi daripada yang lain bagi 

kedua-dua pengedaran dan barisan potensi magnet fluks setempat . Rata kehilangan 

kuasa setempat adalah berkadar rata dengan ketumpatan fluks setempat disebabkan oleh 

kehilangan kuasa setempat dipengaruhi oleh kandungan harmonik agihan 

fluks. Perbezaan saiz slot pemegun boleh memberi kesan ke atas ketumpatan fluks 

magnet teras pemegun. Keputusan menunjukkan bahawa komponen asas dan individu 

harmonik dalam ketumpatan fluks inplane dan fluks normal pada pemegun slot saiz 8 

mm adalah lebih rendah berbanding dengan saiz slot pemegun 6 mm . Ia juga 

menunjukkan bahawa ketumpatan fluks setempat dan kehilangan kuasa yang minimum 

berlaku pada saiz slot 8 mm berbanding untuk 6 mm. Keputusan dari FEM 

menunjukkan bahawa dengan meningkatkan saiz slot pemegun 6 mm untuk 8 mm, 

2.92%  kecekapan boleh diperbaiki. Hasil  keseluruhan menyimpulkan bahawa slot 

pemegun 8 mm lebih rendah kerugian dan meningkatkan kecekapan  motor induksi. 
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