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1
Introduction
Active micro-systems are designed to mechanically inter-
act with their surroundings. The essential components for
realizing function are drive element, guidance, path mea-
surement and signal processing system, which are com-
bined on a mechanical support. The overall measurements
are typically within the range of a few millimeters, how-
ever, the dimensions of the structures essential for the
function are usually at the micrometer scale. The design
process of such systems requires a timely consideration of
the subsequent manufacturing, which evidently will con-
sist primarily of micro technologies.

This paper presents the design and simulation of the
actuation component. It will be shown that the design of
drives for micro-system technologies differs considerably
from the design of conventional drives in electrical engi-
neering. This has affects particularly the design tools
needed. The concluding section introduces an aerostatic
guidance, which complies with the demands for minimized
friction within the drive element.

2
Design and simulation of the actuation element

2.1
Design
The main goal is to achieve a design of a drive element
with an electromagnetic operating principle, whose
maneuverable part, the so-called traveler, can execute a
translatory movement of a few millimeters. In consider-

ation of the available fabrication technologies and mate-
rials, a variable reluctance (VR) drive element was
designed. The VR drive principle requires only three
fundamental materials: soft magnetic material for guiding
the magnetic flux, electroconductive material for the
excitation windings, and insulation material for separating
the other two materials. The functionality is based upon
position-dependent changes in the air-gap reluctance.
Otherwise said, the traveler is anxious to take a magneti-
cally favorably position depended on each distribution of
magnetic flux (Fig.1). By energizing different systems, the
traveler, which closes the magnetic flux path, creates a
stepwise movement. In order to achieve a predetermined
direction of movement, the VR drive principle requires of
at least three systems.

The fabricated prototypes have proven themselves to be
opportune, since the required structures can be produced
in a comparatively small number of manufacture proce-
dures. The fabrication of active components for the stator
and traveler takes place on separate substrates. Photoli-
thographic procedures are primarily used for the struc-
turing. The layer deposition is reached with galvanic and
also vacuum procedures. In completion, the planarisation
of the surfaces of the stators and travelers meets the
requirement, that the air gaps are less than 1 lm in width
[FÖH01].

The prevalent condition of translatory movement is
satisfied with the design of the actuator as a linear
direct drive. Costly gearing, in this case, construction of
conversion of rotational into translatory movement are
avoided, which is very important especially in consider-
ing the small measurements of the system. To make use of
this motor as a servo drive or similar applications with a
high demand on position accuracy in the range of several
nanometers requires the integration of a path measure-
ment system, which will, at this point, not be further
discussed.

2.2
Simulation
The detailed design of the presented actuation concept
demands for the use of numerical field calculations. The
task is to develop a drive element in accordance with the
given boundary conditions, which fulfills the requirement
of a highly dynamic system offering a traverse path of a
few millimeters and an accuracy in positioning at the sub-
micrometer range. The development of a parametric
model allowing for multitude of variations appears to be a
much promising approach.
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2.2.1
Workflow-based linking of CAD and FEM
Modern product development in the fields micro-system
technology and mechatronics is – mostly due to their in-
terdisciplinarity – subject to interface difficulties resulting
from the conjunction of domain specific data representa-
tions. Adequate interfaces for the linkage of different tools
are not available, which complicates, or in this case, hin-
ders the desired integral computation modeling of such
products. To validate the initially introduced design of the
micro-actuator a parametric model was prepared, which
allows the calculation of varying parameters of the actua-
tion element with ANSYS. For visualization and conse-
quently better comprehension a corresponding model for
the CAD program UNIGRAPHICS was designed (Fig.2).
For example, the parameterization of both models permits
an easy change in the number of the driving coil systems
or various other geometrical dimensions (tooth width,
conductor height, air gap height, etc.).

However, the user must choose carefully the parameter
values in order to ensure that the function of the drive
principle is maintained. Both models provide the same
possibilities concerning geometric parameterization. Yet,

both are disadvantaged by not allowing a direct transfer of
their data from one model to the other. The currently
available standards for the transfer of CAD data fail since
they only support statically defined models rather than
parametrically defined ones. For this reason, a coupling
between both models by an additional tool was produced.
This tool controls both models and manages the change of
the parameters. It was developed as a general resource, i.e.
it is not restricted to the introduced example. Instead, it
allows the linking of any parametric model from UNI-
GRAPHICS with ANSYS. There must, of course, be a
correlation of the parameter identifiers from both models.
Using the programming interface of UNIGRAPHICS, the
current data from the model is read and displayed in a list
(Fig.3). The calculation instruction for each corresponding
parameter may be viewed. Expressions may be altered,
deleted, or added to the model. Boundary values, which
guarantee the validity of the parameter values within the
semantics of the model and text explanations of the pos-
sibly abstruse variable names may be defined, resulting in
an expansion of the CAD model.

The parameter ‘conductor current’ may serve as an
example for the extension of a CAD model. This parameter
is significant to the ANSYS model and will therefore also
be introduced to the CAD model for adjustment, even
though it cannot be graphically displayed.

Likewise, not all parameters from the geometrical CAD
model are of interest for the FEM analysis. This is ac-
counted for by offering a simple selection of the necessary
parameters for ANSYS (see parameters equipped with the
symbol ĵ in Fig. 3). The current data can be exported to
the ANSYS model and simulated at any time. Additionally
the tool offers a possibility for automating the execution of
parameter inspections. Excluding dependent parameters,
ranges of values and increments may be defined for all
parameters in order to define a set of variations for each

Fig. 1. Principle drawing of a linear variable reluctance (VR)
motor: in the picture, system 2 is activated, the traveler has taken
the respective position, in other words, the stator teeth of system
2 align with the traveler teeth

Fig. 2. CAD-model and SEM-micrograph of the actuation
element

Fig. 3. User interface (GUI) of the presented tool
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parameter. The program generates the model variations
and successively initiates the FEM-analysis. The results of
such parameter inspections for the presented model will be
discussed in the following section.

A user-friendly operability of the system is assured by
embedding the developed tools together with CAD and
FEM in a workflow environment. Each activity i.e. pro-
gram, that is needed in the workflow, is depicted by a
symbol in the graphical user interface. By different label
coloring, the user is informed about activities currently
running, being capable of execution or already processed
without new input information.

2.2.2
Results of the simulation
The aim of the parameter inspection is mostly to maximize
the driving force per unit area. With regard to the inte-
gration of tribological guiding systems in the micro-sys-
tem, additional reactive forces of the normal force on the
driving force must be minimized, because no compensa-
tion of the normal forces on the traveler occurs, in contrast
to (rotationally-) symmetric active structures. The allowed
power loss for each surface unit illustrates an important
boundary condition that determines the operating
temperature with regard to the thermal coupling of the
micro-system to the environment. Important measures to
improve the operational performance of the drive element
has already been reported in [EDL02].

A further aspect to maximize the driving force is de-
scribed here. With regard of the average driving force at
the limiting condition of constant power losses per unit
area, the number of teeth per pole and per pole pitch are
serious parameters. This is shown in Fig. 4. By increasing
the number of teeth per pole, the active surface, which has
a direct effect on the driving force, will be enlarged.

Furthermore, increasing the number of teeth per pole
pitch leads to a larger pole displacement. This enables to
expand the corresponding excitation winding structure
laterally and to increase the electric current in it at con-
stant power loss. By this, the magnetic voltage drops in the
area of the pole and the yoke increases and the magnetic
flux density near the middle of the pole decreases. The
simulations made here indicate that in acceptance of a
power loss of 25 mW/mm2 a design with 4 teeth per pole
and 14 teeth per pole pitch is favorable.

3
Design and simulation of the guidance
The considerably larger normal forces in relation to the
driving force make a guidance, which decouples both
forces to the greatest extent possible, a requirement. The
development of an aerostatic system that matches the
dimensions of the micro-system seems to be a much more
promising solution.

By using porous ceramics (Al2O3), whose properties
correspond to planar distributed micro-nozzles, the for-
mation of an air cushion in the guidance surface area was
accomplished.

The structure of the guidance shown in Fig. 5 distin-
guishes itself through a high rigidity in load direction and
a small liability to roll of the moved, in the following also
as carriage labeled, part. The first was accomplished
through guidance surfaces that effected in the system an
initial tension in load direction. The last was reduced
through inclination of the guidance surfaces, which leads
to poles of the carriage which have become far separated
from one another [KOP00]. With help from two operating
models of the aerostatic guidance in the macro domain,
the structure was scaled down to a very small build.
Characteristics like rigidity, load capacity, and dynamic
behavior were also examined [TÖN01].

3.1
Designs for the aerostatic guidance
Based on the alignment illustrated in Fig. 5, various de-
signs for the guidance were inspected in detail with
methods of finite elements.

For the first design (Fig. 6, left), it is assumed that there
is a combined induction of air for the upper and lower
guidance surfaces. The air flows out on both sides from
the gap without any exterior throttle. In the second design,
the air supplies for the upper half of the guidance and the
lower one are separated. The third design builds on the
first design and is completed through designated exhaust
throttles at the end of each gap. The fourth design (Fig. 6,
right) combines both changes (separated air supplies,
exhaust throttles at the gap ends).

3.2
Simulations with various designs
For comparable observations of the four designs, the
pressure distribution in the porous ceramic and the
maximum load capacity for the different carriage dis-
placements were calculated. With regard to the extent of

Fig. 4. Driving force per unit area with constant power loss of
about 25 mW/mm2 per surface unit Fig. 5. Principle of the guidance
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the guidance in the direction of motion and also its sym-
metric structure, the calculations were processed with a
two dimensional model, which was reduced to one half of
the guidance.

3.2.1
Pressure distribution
For a qualitative acquisition of the impact of the occurring
forces in load direction, weight for example, the movable
part was accepted to be displaced 1 lm from the center
(gap h0 above and below 2 lm each). The incoming
pressure on the reverse side of the guideway amounted to
1.3 bar, pressure from the environment equaled 1 bar. The
self-engaging pressure distribution inside the ceramic for
the four designs are illustrated in Fig. 7 from left to right.

It is easy to recognize that the separation of the air
supply and the use of an exhaust throttle causes a dramatic
change in the pressure differences between the upper and

lower sides of the guideway. In accordance to general
expectations, this behavior occurs most significantly with
the combination of both provisions. The pressure differ-
ence can be considered as an indicator of the maximal load
capacity with other conditions.

3.2.2
Load capacity
An inspection of the static behavior of the guidance allows
a quantitative statement to be made. The interaction of a
force in load direction on the carriage was reproduced in
an FEM model, again, through changes in the carriage’s
condition, which consequently affected the gap height.

The results are shown in Fig. 8: the maximum load
capacity for each length unit is spread over the deflection
of the gap height Dh in the area from ±2 lm around the
center point h0 = 2 lm.

4
Summary and outlook
In the present paper, the design of two essential compo-
nents of active micro-systems has been described. These
two components are the drive element and the guidance.
By suitable selection of the traveler’s and stator’s tooth
geometry, as well as the number of teeth per pole pitch, the
for operation important ratio of driving force and normal
forces can be beneficially affected, and driving force per
unit area can be maximized. The demand of a friction-
minimized guidance of the traveler suggests the use of an
aerostatic guidance. For this, a design was introduced that
leads to a higher rigidity in load direction and smaller
liability to roll of the traveler. For ease in execution of the
introduced simulation in a user friendly environment, a
universally utilizable workflow environment for linking
parametric models of UNIGRAPHICS and ANSYS was
described. It allows the central control of each parameter
and uses the CAD program and the FEM-tool to aid in
visualizing the model and the simulation, respectively.
This system is already fully available for the layout of the
drive element and should be used in the near future for the
described layout of the aerostatic guidance.
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Fig. 6. First and fourth design for the guidance

Fig. 7. Pressure distribution in a porous ceramic (designs 1 to 4)

Fig. 8. Load capacities for four designs
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