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Comparative Analysis of the Force Computation Methods in the 2D FEM 
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Abstract. Three methods for electromagnetic force computation are analyzed - the virtual work method, the Maxwell stress tensor method and the nodal force method. The numerical analysis is carried out by the two-dimensional nodal finite element method with first order triangles. The methods are applied to compute the electromagnetic force at different air gaps of a non-linear permanent magnet with steel core. A comparison is made from the viewpoint of accuracy, speed and computer implementation.
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1. Introduction
The Maxwell stress tensor method (MSTM), the virtual work method (VWM) and the nodal force method (NFM) are among the most popular methods of electromagnetic force computation by the two-dimensional finite element method (FEM) with nodal elements [1, 2, 3]. Theoretically, these force … 

2. Description of the force computation methods

In the virtual work method the force on an object is found as the derivative of the magnetic energy 
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 with respect to the displacement s of the moving part:
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3. Results

In order to compare the three methods, the force of an Alnico nonlinear permanent magnet with nonlinear steel core is computed [4]. The permanent magnet dimensions in centimeters are shown in Fig. 1. 
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Fig. 1. Dimensions of the Alnico magnet

Table 1
Electromagnetic force by the NFM, MSTM and VWM
	Air gap, sm
	Computed Electromagnetic force, N

	
	NFM
	MSTM
	VWM

	1
	22,5240
	22,5100
	8,0300

	2
	13,5023
	13,5000
	6,7750

	3
	8,8606
	8,8440
	3,6500

	4
	6,1640
	6,1710
	3,5500

	5
	4,4759
	4,4700
	2,9700

	6
	3,3549
	3,3620
	2,0600

	7
	2,5741
	2,5810
	1,9400

	8
	2,0159
	2,0170
	1,6280

	9
	1,6031
	1,6020
	1,3397

	10
	1,2931
	1,2900
	1,1477
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Fig. 2. Computed force at different air gaps.

4. Conclusions

Three methods of force computation using nodal finite elements are compared …
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