CONTENT

CERTIFICATE

DECLARATION

AKNOWLEDGEMENTS

CONTENT

EXECUTIVE SUMMARY

LIST OF FIGURES

LIST OF TABLES

LIST OF SYMBOLS

LIST OF ABBREEVIATIONS

CHAPTER 1 INTRODUCTION
1.1 Energy Sources
1.2 Magnetism and Magnetic Engine
CHAPTER 2 LITERATURE REVIEW
2.1 Magnetic Engines

2.1.1 The Electromagnetic Engines

2.12 The Permanent Magnetic Engine

2.13 The Hybrid Magnetic Engine

Page No.

ii

iii

v

vii

X1

X1v

xvi

XiX

1-4

5-29

10

11



2.14 Micro Power Generating Devices 12

2.1.5 Macro Generator 14
2.2 Magnetic Materials 16
2.2.1 Magnetic Dimension 19
222 Magnetic Circuit 20
223 Permanent Magnet 20
224 Magnetic Shield Material 22
23 Losses 24
24 Engine Sizing Details/Methods 24
2.5 Motivation 26
2.6 Magnetic Engine Simulation and Analysis 26
2.7 Need of The Present Study 28
2.8 Objective 29
CHAPTER 3 THEORY, MATHEMATICAL MODELING AND 30-64

PROTOTYPE DESIGN OF GOPI ENGINE

3.1 GOPI Engine Basics 30
32 Terminology of the Engine 32
3.2.1 Gate System 32
3.2.2 Gate Cycle 32
3.23 Power Stroke 32
3.24 Magnetic Piston 33
33 Working Principles of the GOPI Engine 33
34 Mathematical Modeling 41



34.1

342

343

344

345

3.5

3.5.1

352

3.53

3.54

3.55

3.5.6

CHAPTER 4

4.1

4.2

4.2.1

422

4.2.3

4.3

4.4

Piston Dynamics and Control

The Gate Mechanism

Frequency Control

Operating Conditions

Power Required for Operating the Engine

Development of the Prototype Engine and its

Components

Magnet Configuration

Gate Mechanism

Magnetic Piston Configuration
Crank Shaft Configuration
Control Units

Input Power

RESULT AND DISCUSSION
Analysis with ANSYS
Magnet(s) in Air Medium
One Magnet
Two Magnets
Magnet and Gate in Air Medium

Static Analysis of GOPI Engine for 1 mm Gate
Thickness

Static Analysis of GOPI Engine for 2 mm Gate
Thickness

41

44

47

48

51

51

52

54

57

61

62

64

65-97

65

67

67

69

69

70

77



4.5

4.6

4.7

CHAPTER 5§

5.1

52

REFERENCES

Dynamic Analysis of GOPI Engine
Efficiency of the GOPI Engine

Validation of Mathematical Modeling and

Simulation Results with Experimental Outcome

CONCLUSION
Significant Outcome of the Study

Suggestion for Future Work

81

90

93

98-102

98

102

103-112



