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1.7 AC EXCITATION, INTRODUCTION TO PERMANENT MAGNETS 

Permanent magnets are commonly used to generate magnetic fields for 

electromechanical energy conversion in a number of electromagnetic devices, such as 

actuators, permanent magnet generators and motors. From fig 1.11 the characteristics of 

permanent magnets are described by demagnetization curves (the part of hysteresis loop 

in the second quadrant). The diagram below depicts the demagnetization curve of five 

permanent magnets. It can be seen that the demagnetization curves of some most 

commonly used permanent magnets: Neodymium Iron Boron (NdFeB), Samarium 

Cobalt, and Ceramic 7 are linear. For the convenience of analysis, we consider the 

magnets with linear demagnetization curves first. Consider a piece of permanent magnet 

of a uniform cross sectional area of Am and a length lm. The demagnetization curve of 

the magnet is a straight line with a coercive force of Hc and a remnant flux density of Br 

as shown below. The demagnetization curve can be expressed analytically as 

 

The magnetic “voltage drop” across the magnet can be expressed as 

 

which is a function of the magnetic field in the magnet. Notice that Hm is a 

negative value since it is in the opposite direction of Bm. The derivation for the 

magnetic circuit model of a nonlinear magnet is illustrated graphically by the Figure 

1.7.2 below. 
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Figure 1.7.1 Demagnetization curves of permanent magnets 

[Source: “‘Electric Machinery Fundamentals” by Stephen J. Chapman, Page: 86] 

 

It should also be understood that the operating point (Hm,Bm) will not move along the 

nonlinear demagnetization curve if a small (such that the magnet will not be 

demagnetized) periodic external magnetic field is applied to the magnet. Instead, the 

operating point will move along a minor loop or simply a straight line (center line of the 

minor loop) as illustrated in the diagram on the right hand side. 

 

 

Figure 1.7.2 Magnetic circuit model of a magnet with nonlinear demagnetization 

curve 

[Source: “‘Electric Machinery Fundamentals” by Stephen J. Chapman, Page: 87] 


