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ABSTRACT

The use of magnetizable abrasive particles whose movement can be controlled by an external magnetic
field, might provide a local control over the process of abrasive flow machining in order to reach a more
uniform surface finish. In addition to the external magnetic field there are several factors, namely im-
pacts mechanism and carrier fluid characteristics each of which includes several parameters depending
on the surface geometry and material properties, locally affect the abrasion rate and, consequently, the
quality of the surface finish. Therefore, to achieve a certain uniform surface quality these parameters
must be thoroughly studied. Since experimental parametric studies of magnetorheological abrasive flow
machining (MAFM) are very time-consuming the present work aims at efficient and reliable simulations
of the process and study the influencing parameters. Accuracy of a simulation is strongly dependent on
how accurate the material removal mechanism is modeled. To obtain sufficient accuracy a high spatial
resolution is needed which makes it rather impossible to directly simulate the abrasion process on part
scale. To circumvent this issue, the material removal mechanism is explicitly incorporated into simu-
lations by using an erosion model which relates important parameters such as impact velocity, impact
angle and grains shape to an average material mass loss per impact. The erosion model’s parameters are
quantified by using SPH simulations of grains impact (Fig. 1). The abrasive suspension flow is modeled
by a two way coupling of smoothed particle hydrodynamics (SPH) and discrete element method (DEM)
on the part scale with a reasonably coarse resolution. The DEM grains can be defined as magnetizable
particles which at the presence of an external magnetic field can change the behavior of the suspension
(Fig. 2). Besides, the coupling is made for non-spherical DEM grains as well in order to accurately cap-
ture the dynamics of the abrasive grains of different shapes and sizes especially under the application of
a magnetic field. Having the simulation setup ready, the import factors are studied to examine that to
which extent magnetorheology can provide a control on the abrasion process.

Figure 1: SPH simulations of grains im-
pact; (top) a circular grain and (bottom)
and angular grain.

Figure 2: Simulation of a magnetorhe-
ological flow by using SPH-DEM cou-
pling, showing chains of magnetizable
abrasive grains formed under an exter-
nal magnetic field which alters the abra-
sive suspension’s behavior.


