


CONTENTS

Preface, VII

Chapter 1. Introduction, 1

1.1 The scope of the book, 1
1.2 The nature of eddy currents, 3
References, 5

Chapter 2. The electromagnetic field equations, 6

2.1 Review of Maxwell’'s equations, 6
2.2 The diffusion equation, 13

2.3 Poynting’s theorem, 16
References, 18

Chapter 3. Methods of Solution, 19

3.1 General assumptions, 19

3.2 Boundary conditions, 20

3.3 General form of the magnetic vector potential, 24
3.4 Method of separation of variables, 26

3.5 Variational methods, 33

References, 40

Chapter 4. Integral formulation, 42

4.1 Integral form of the diffusion equation, 42
4.2 Cylindrical conductors, 47
4.3 Integral equation in the magnetostatic field, 54

References, 58

Chapter 5. Eddy current distribution in plates, 60

5.1 Excitation by a circular current loop parallel to a plate, 60
5.1.1 Plate of infinite thickness, 60
5.1.2 Plate of finite thickness, 67



5.2

5.3

5.4
5.5
5.6

Excitation by a circular current loop perpendicular to the plate, 70
5.2.1 Plate of infinite thickness, 70

5.2.2 Plate of finite thickness, 83

Excitation by a straight current filament parallel to the plate, 89
5.3.1 Plate of infinite thickness, 89

5.3.2 Plate of finite thickness, 95

Plates of infinite thickness on both sides of the current filament, 100
Plate of finite thickness on both sides of the filament, 103
Applications, 108

References, 110

Chapter 6. Eddy currents in cylindrical shells due to parallel conductors, 112'

6.1

6.2

6.3

Shells of infinite length, 112

6.1.1 Excitation inside a shell, 112

6.1.2 Excitation inside a shell. Shell of finite thickness, 120

6.1.3 Excitation outside the shell. Solid cylinder, 127

6.1.4 Excitation outside the shell. Shell of finite thickness, 130

6.1.5 Numerical examples, 133

Shells of finite length, 136

6.2.1 Excitation inside the sheil, 136

6.2.2 Excitation outside the shell, 150

Applications, 152

6.3.1 Skin-and proximity effects in cylindrical and tubular conductors,
153

6.3.2 Losses in cable sheaths, 154

6.3.3 Bus Bar enclosures, 160

6.3.4 Eddy current position sensor, 163

References, 163

Chapter 7. Eddy current in cylindrical shells due to circular loops, 165

7.1
7.2

Excitations inside shell. Shells of infinite thickness, 165
Excitation inside shell. Shells of finite thickness, 170

7.3 Excitation outside shell. Solid cylinder, 174

7.4 Excitation outside shell. Shell of finite thickness, 176
7.5 Numerical examples, 179

References, 183

Chapter 8. Eddy currents in cylindrical shells due to rotating fields, 184

8.1 Excitation outside a solid cylinder of infinite length, 184

8.2

‘Excitation of infinite length outside a cylindrical shell of infinite



length, 186

8.3 Excitation of finite length inside a shell of infinite length and thick-
ness, 188

8.4 Excitation of finite Tength inside a shell of infinite length and finite
thickness, 204

8.5 Numerical examples, 215

References, 222

Chapter 9. Eddy currents in spherical shells, 223

References, 228

Chapter 10. Eddy current as a result of relative motion, 229

10.1 Introduction, 229

10.2 Perpendicular Toop moving above a conducting slab, 233
10.3 Parallel loop moving above a‘conducting slab, 239

10.4 Linear induction motors, 244

10.5 The transmission line equivalent circuit, 249

10.6 Eddy current brékes, 254

References, 257

Chapter 11. Transient phenomena, 259

11.1 Transient eddy currents in plates, 259
11.1.1 Perpendicular circular loop, 259
11.1.2 Parallel circular loop, 266
11.2 Transient eddy currents in cylindrical shells, 272
11.3 Prony’s method for direct extraction of poles and residues, 278
11.3.1 Time domain, 279
11.3.2 Frequency domain, 281
References, 182

Chapter 12. FFT calculation for the diffusion equation, 284

12.1 Introduction to the method, 284
12.2 Current sheet above a conducting slab, 288
References, 293

Appendix I. Magnetic vector potential of a circular current loop, 294
Appendix II..Magnetic vector potential of a straight current filament, 297
Appendix II. Application of the method of moments, 300

Subject index, 303



	page1
	page2
	page3
	page4

