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Application of a permanent magnet biased e-core reluctance actuator in a magnetically
elevated planar ceiling actuator.

T Overbooni, J. Jansen, E. Lomonova
Electrical Engineering, Eindhoven niversity ofTechnology, Eindhoven, Netherlands

I. Introduction
The development of a platform which is magnetically suspended under and can move along a ceil
ing, would provide a long stroke and contactless motion of industrial robots when mounted to this
platform. Such a platform basically consists of a planar actuator, but instead of levitating an arma
ture above a stator by a repulsion force, this planar ceiling actuator consists of an armature which
is magnetically elevated under a stator by an attractive force. Actuators based on electrostatic ele
vation already exist [1], however, they only achieve high force to volume ratios for small dimen
sions. In the ceiling robot, a passive attraction force is required to prevent the robot from falling
down in case of a power failure. Therefore, unlike a planar actuator [2], in the ceiling actuator both
magnets and iron have to be employed into the stator and armature. The main challenge, however,
is to actively reduce the passive attraction force for elevation and also to create a propulsion force
in order to move the platform. To simplify the initial research first an actuator with a linear stroke
will be designed.
One topology being investigated for the ceiling actuator is a permanent magnet biased c-core reluc
tance actuator, as shown in Fig. 1(a). Its physical principle is identical to a design of a reluctance
actuator, which is used for valve actuation inside a combustion engine [3]. Because the magnets and
coils are embedded inside the stator of the actuator, the armature has a simple construction. Fur
thermore, a high attraction force is obtained which can easily be reduced and even be diminished
by injecting a current through the coils.
II. Operating principle
When considering the structure from Fig. 1(a), in the absence of any current inside the coils, the
magnets create a passive attraction force between stator and armature. By imposing a negative DC
current through the coils of each stator segment a flux is created which opposes the magnet flux and
the attraction force is reduced or can even be diminished, as shown in Fig. 1(b). The figure shows
the attraction force as a function of the current density of the stator segment which is aligned with
the armature teeth. The three stator segments together generate an attraction force which is nearly
constant for any translational position of the armature.
Because of the salient structure of the armature, a translational component of the reluctance force
is produced between the different stator segments and armature. By operating the currents in the
different stator segments according to a three-phase system a net propulsion force, Fx, can be con
trolled. Inherently, in reluctance machines this force is much lower than the attraction force. Both
forces are also strongly coupled, because both depend on the total amount of flux which crosses the
airgap. Operating this ceiling actuator, for instance, close to zero attraction force, a small amount
of flux crosses the airgap. This, however, also reduces the ability to generate a significant propul
sion force.
III. Design
In the paper a design for the structure shown in Fig. 1(a) is presented, where the different stator seg
ments have an outer dimension of 50x50x60 mm (x, y and z). The whole system achieves a passive
holding force of Fhold 1880 N (airgap length is 0 mm) and a passive elevation force of FzO—357
N (airgap length is 1 mm), while both forces can be reduced to zero when the DC current density
in all stator segments is equal to -7 A mm-2. For failsafe operation, the maximum weight of a load

hanging under the mover is set to half the elevation force, resulting in a mass of 18.2 kg. The
required DC current density in all segments to elevate this mass is -2.5 A mm-2 and by adding an
AC current density with an amplitude of 3 A mm-2, a propulsion force of 15 N is generated.
IV. Conclusions
In the paper a novel topology is presented for magnetically elevated inverse actuators in low speed
applications. For failsafe operation, this topology achieves high passive attraction force, while it can
be significantly reduced to elevate a load. The armature has a totally passive design, but its salient
structure allows the generation of propulsion forces for translation motion. Decoupling of the
attraction and propulsion forces, however, remains to be researched.
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Fig. 1. (a) Ceiling actuator with three permanent
magnet biased c-core reluctance actuators and (b)
attraction force vs. current density characteristic
of a single stator segment for different airgap
lengths.
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