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Abstract. The authors describe the method of calculating the magnetic forces in the working gap 
in the case of magnetically abrasive machining of flat surfaces of billets from magnetic materials 
by the periphery of a circular inductor on permanent magnets. The application of the software 
package ANSIS Maxwell for the calculation of the magnetic induction method in the working gap 
and the magnetic forces of the magnetically abrasive powder acting on the grain is shown. As a 
result of the work, the magnetic induction in the working gap was calculated for magnetically 
abrasive machining of flat surfaces of billets from magnetic materials by an inducer on permanent 
magnets. Also, calculations showed the distribution of the magnetic abrasive powder in the 
working gap, depending on the material of the workpiece being processed. In the case of 
magnetically abrasive machining of a magnetic workpiece, the powder in the working gap is 
concentrated in the zones with the greatest density of force lines - under the inductor poles. An 
analysis is made of the distribution of magnetic forces in the working gap during magnetic abrasive 
machining.  
Introduction 
Magnetic abrasive machining is one of the most effective finishing operations [1]. The essence of 
magnetic abrasive processing is the effect on the workpiece of a powder ferromagnetic mass, 
compacted by the forces of a magnetic field. It is from the magnitude and distribution of the 
magnetic induction that the ferromagnetic mass will be distributed in one way or another in the 
working gap between the magnetic inductor by the workpiece surface being processed. 

In magnetic abrasive processing, the role of the cutting tool is performed by a portion of the 
ferromagnetic powder, and the workpiece for processing is placed at a certain distance from the 
magnetic inductor. This space is partially or completely filled with a magnetic abrasive powder. 
Under the influence of the magnetic field, the grains of the ferromagnetic powder are formed into 
chains, forming a kind of "brush". This brush is held by the forces of the magnetic field in the 
working space, and when the workpiece moves relative to the inductor, it removes from the surface 
of the workpiece [2]. Knowing the magnitude of the magnetic forces in the working gap, it is 
possible to determine the location of the grains of the magnetic-abrasive powder in the working 
gap. 
Calculation of magnetic forces in the working gap during magnetic abrasive processing 
It is known that the complexity of calculating the magnetic forces acting on the grains inside the 
working gap is aggravated by the fact that they have different shapes and sizes. It is not possible 
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to take this manifold into account and it is advisable to assume that the working gap is filled with 
a continuous medium homogeneous in density and magnetic properties [1]. 

The magnetic forces acting on the grains of the ferromagnetic powder in the process of magnetic 
abrasive processing are calculated by the finite element method. The Ansys environment [3] will 
be used for this. 

In this study, a planar problem is solved, and at the same time, a continuous medium 
homogeneous in density and magnetic properties is divided into individual grains. In this case, it 
is assumed that the grains of the ferromagnetic powder are ordered and have the shape of a ball. 

During magnetic abrasive processing, permanent magnets are located in the inductor so that the 
magnetic system of the inductor consists of magnetic cells, each of which consists of a magnet and 
two steel magnetic circuits located at the pole side surfaces of the magnet (Fig. 1) [4]. 

 

 
Fig. 1. Magnetic system 

 
In this study, the calculation of the magnetic forces in the process of magnetic-abrasive 

processing of a workpiece from a non-magnetic material, for example, aluminum was made. It was 
a non-magnetic material that was taken as a sample, since it does not affect the acting magnetic 
forces in the working gap. When polishing a non-magnetic workpiece, the lines of force pass from 
one pole of the inductor to another mainly along the working gap under the magnet, concentrating 
at the side edges of the steel magnetic circuits (Fig. 2) [5] 
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Fig. 2. Pattern of magnetic field lines 

 
Because of this, the magnetic-abrasive powder in the working gap is concentrated under the 

magnets (Fig. 3). 
 

 
Fig. 3. Magnetic abrasive powder concentration 

 
The next step is to calculate the magnetic forces acting on the grains of the ferromagnetic 

powder from the side of the magnetic field. These magnetic forces keep the powder on the working 
surface of the magnetic inductor [6]. Depending on the location of each specific grain in the 
working gap, the corresponding magnetic field force acts on the grain in a state of equilibrium. 

As a result, the values of all magnetic forces acting on all grains of the ferromagnetic powder 
located in the working gap in a state of equilibrium were obtained [7-10]. Each grain has its own 
individual number, and its own value of the magnetic force. 
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Analysis of the magnetic forces acting in the working gap 
The graphs show the magnetic forces applied to the grains (Fig. 4). 

 

 
Fig. 4. Magnetic forces acting on grains 

 
Analysis of the graphs shows that horizontal forces compress the rows of grains, ensuring their 

horizontal stability in the rows. This is due to the fact that for the leftmost grains the force is 
positive and tries to move the row to the right, and for the rightmost grains it is negative and tries 
to move the row to the left. The vertical force Py presses the first row of grains against the inductor 
(the force is positive - directed upwards), and the lower row - against the workpiece (the forces are 
negative - directed downward). 

If we consider only 1 row of grains (at the inductor), then it is, in fact, in equilibrium: (Fig. 5, 
6) shows the forces acting on the inductor and between the grains of the 1st row. All forces are 
positive - the grains are in balance. 
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Fig. 5. The graph of forces between the grains of the first row and the inductor Fpi 

 

 
Fig. 6. Plot of forces between grains of the first row Fij 

 
However, if we consider the second row of grains, the equilibrium is disturbed. For the first 

row, equilibrium is maintained. This is due to the fact that for the extreme grains, some forces 
between the first and second rows have negative values. For the first row, equilibrium is 
maintained. If we consider all three rows, the instability becomes even greater. The instability is 
enhanced by the grains of the third row, which "break away" from the grains of the second row. It 
should be noted that the equilibrium of grains is considered without taking into account their 
interaction with the workpiece - cutting forces are not taken into account. With the addition of the 
normal components of the cutting forces acting on the grains of the third row, the stability of the 
grain system can be restored. 

To take into account and determine the cutting forces, they must be applied to the grains of the 
third row, adding them with magnetic forces directed along the Y-axis - perpendicular to the 
workpiece surface (normal components). In this case, the maximum values of the cutting forces 
are determined from the condition of equilibrium of the grain system - the absence of negative 
forces between the grains. In fact, the cutting forces should eliminate the negative values of the 
contact forces between the grains of the first and second rows and the second and third rows, but 
not cause the appearance of negative forces between the grains of the first row. The calculation of 
the values of the cutting forces is reduced to their selection by the method of least squares to ensure 
that the forces between the grains of the first row are close to zero. The limitation is the absence 

Grain number 
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of negative forces both in the first Rada and between the rows. Figure 7 shows the cutting forces 
calculated using this criterion. The curve is well approximated by the expression 

Pi = A[1-exp(ai+bi
2)].  (1) 

where i - is the number of the third row grain. 

 
Fig. 7. Cutting forces, N 

 
Due to the symmetry of the curves, the approximation was carried out for grains with numbers 

1...18. The right half of the dependencies is symmetrical. Therefore, for grains 19...36, the 
dependence has the same form, but the numbers of grains are calculated by the formula i = 37-i1, 
where i1 = 19...36. 
Summary 
As a result of the work done, the state of equilibrium of the grains of the magnetic-abrasive powder 
in the process of magnetic-abrasive processing was investigated. For this, the values of the 
magnetic forces in the working gap have been calculated. This calculation is carried out by the 
finite element method, and its result is the values of all magnetic forces acting on all grains of the 
ferromagnetic powder located in the working gap. Knowing the magnitude of the magnetic forces, 
it is possible to determine the location of the grains of the magnetic-abrasive powder in a state of 
equilibrium. The next step is to calculate all mechanical forces in the working gap by solving the 
problem of static equilibrium. In contrast to the finite element method, this calculation method 
allows one to neglect the stresses arising from point contact of powder grains in a state of 
equilibrium. The result of solving this problem will be the identification of the configuration of 
the grains of the ferromagnetic powder in the state of static equilibrium. 
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