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Introduction

Every electric motor has an air gap bet-
ween stator and rotor. This air gap means
a high magnetic resistance for the mag-
netic flux density. A larger permeability
in the air gap would enlarge the torque
between stator and rotor. This would
make it possible to increase the force of
the motor or otherwise holding a constant
force by reducing the input power.

Method of modelling

Figure 1 shows the configuration which
represents the a process model as a first
approach of the problem. Process mod-
elling means to simplify a real situation in
a way that on the one hand mathematical
methods, which are easy to handle, can be
applied and on the other hand the results
are reliable to evaluate the real problem.
The inner cylinder in figure 1 represents
the rotor, the outer one the stator. The
line-currents stand for the windings.

Mathematical formalism

In the first step to get the process model,
the given problem is solved by orthogo-
nal expansion for the separated differen-
tial equation for slow time dependency.
The formulation of the magnetic field with
orthogonal functions is [1]:

Figure 1: Principle sketch of the process
modell.
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Note that for the calculation of the field
only the current Ia is taken into account.
The coefficients are determined by fulfil-
ling appropriate boundary conditions.
For getting the torque on the rotor with
the current Ib, the follwing formula is used:
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If for a more realistic winding the currents
are replaced by surface currents, the cal-
culation goes an equivalent way.



Schedule of work

The following steps are worked out:

• Calculation of torques without a fer-
rofluid varying relevant parameters.

• Filling the air gap with a perme-
ability µ0µr for simulating the fer-
rofluid.

• Adapting the correct value of µr tak-
ing into consideration, that the per-
meability of the magnetofluid varies
with the magnetic field. A mean
value for the field strength is as-
sumed.

• Taking into account the variation of
the field strength, the gap is divided
into several parts, each with its own
permeability µr.

• These analytical results are compared
with those of the numerical code AN-
SYS, especially for recognizing the
distribution of the permeability.

In that way we get a reliable idea of the
behaviour of a ferrofluid in an electric ma-
chine.

First Results

In figure 2 an example of a parameter
study can be seen. The normalized torque
is depicted versus the exciting current.
The results without ferrofluid are com-
pared with those ones with ferrofluid in
the air gap between stator and rotor. The
gain gain of torque is for low currents
nearly 100% and goes down with increas-
ing the exciting current. Figure 3 shows
the magnetic field lines in a gap with con-
stant permeability for two angles between
the windings.
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Figure 2: Torque versus the exciting cur-
rent with and without ferrofluid.

Figure 3: Magnetic field lines in the gap
with constant permeability and an angle
of 45o (left) and 90o (right) between the
windings.
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