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Micromotors give soccer robots
the winning edge
P E R S I S T E N T, FA S T A N D ( A L M O S T )
U N B E ATA B L E

What looks like a gadget is often serious
science with a significant potential for
research as well as commerce.
Unfortunately, the merits of such work
are often underestimated, particularly in
Germany. One of the exceptions to this is
a research project conducted by the University of Freiburg in cooperation with
adp Gauselmann GmbH, a subsidiary of
the Gauselmann Group. Within the
framework of a doctoral thesis by Thilo
Weigel, the team developed a special
piece of software for table soccer. It is
designed to react intelligently to situational moves that are made in the game.
Modern processor technology and optical
image processing via cameras are deployed for data input and evaluation. Durable,
high-speed DC motors perform as
actuators. This “game“ creates the perfect
basis for testing so-called situational software. The commercial success as a table
soccer robot is an added bonus of these
research activities.



A theory is only good if it also works in
practice. With this in mind, the chair for
artificial intelligence at the University of
Freiburg chose an “interactive” approach
when it came to developing its new software that reacts to different situations.
The practical test provides valuable information regarding possibilities for improvement. One of the essential prerequisites
is a complex situation that also demands
quick reactions from the program.
A glance “outside the box” quickly shows
that there are best-in-class solutions even
for such apparently challenging cases. A
table soccer game is highly demanding
due to its complex play pattern and also
because of the high speed of the ball. A
controller that can get to grips with this
specific problem using the appropriate
actuators is also capable of mastering
other automated tasks.

The Star Kick Robot was developed as a
compact software testing device and has
now itself emerged as a market success.

Everything that happens in the table
soccer robot occurs in an area measuring
just 220 x 157 x 121 cm (height, width,
depth). Given the complexity of the
o peration, this can be considered a
comparatively compact testing device. The
chair for artificial intelligence worked
with specialists in the field in order to
come up with the best possible “game
plan”. Micromotor expert FAULHABER
contributed its drive know-how to ensure
the requisite shooting power and mobility
of the unit, while adp Gauselmann GmbH,
renowned as a high-end manufacturer of
gaming equipment, was responsible for
the practical configuration of the robot.
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Functional principle
A PC provides the actual control of
the game. An attached camera delivers
the necessary data of everything that’s
happening on the playing field. The PC
software evaluates the current camera
image every 20 milliseconds. In doing so,
it determines the ball position as well as
the speed and direction of the ball. Using
this data, the program then decides
when and how a particular player should

Playing field with illumination and filter film;
the camera observes
everything from below

The stream of data to the actuators is
also minimized. Here, the controller PC
only issues superordinate commands such
as: “right”, “left” or “shoot”; the actual
fine-tuning is performed by subordinated
control units.
The table soccer robot uses standard
FAULHABER Motion Controllers for this
purpose, which are optimally coordinated
with the DC motors used. The game
is brought to life thanks to  minimal

Compact, high-speed
drive with cable and
belt mechanism

High-performance DC micromotor for fast and accurate
positioning, managed by
the Motion Controller

be moved. This results in the bars being
positioned horizontally, or the bar, and
thus the players, being rotated. Thus,
the ball can be struck successfully by the
players or parried by the goalkeeper.

c omputing times, which in turn are a
result of the streamlined data set and the
reduced delay times.

One of the prime objectives is to handle
as little data as possible in order to enhance the actual evaluation process.
State-of-the-art data capture and work
distribution are essential. An infrared
camera observes everything that is happening from below through the transparent playing field. A “floodlight” with
approximately 300 infrared light emitting
diodes on the border illuminates the
playing field. The playing surface itself is
covered with an infrared-permeable filter
film, so that only the infrared rays
reflected by the ball are detected by the
camera. This facilitates the evaluation
process when registering the ball.

In contrast to professional soccer, the Star
Kick Robot is capable of “motivating” its
players without the lure of mega salaries.
All it takes is two motors for each bar.
Drives positioned on the base plate of the
device move the players horizontally via
cable pulls in the bars. The cable is looped
around the respective driving drum several times and is prevented from slipping
through as a result of increased friction.
This ensures an accurate,  synchronous
control of the players. The developers
used a belt drive on the rear of the device
to control the shooting power, i.e. the
rotation of the players.

Player drive
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The motors have to move very
 ynamically in this application, but only
d
ever for a brief moment. The Schönaichbased drive specialist therefore
recommended the use of quick-running
standard DC motors with carbon brushes.
These durable motors can reach a peak
power output of over 220 Watts, which
means that they have more than enough
power for the players.
Each driving motor has a magnetic
 ulse generator to communicate the
p
respective player positions to the
controller. At 512 pulses per revolution,
the resolution is so fine that no ball can
evade the players’ feet. A motion
c ontroller in each motor provides the
actual control of the motor and angular
momentum processing. At the start of
play it drives the players into a defined
starting position and then evaluates the
speed sensor data. The data processed in
this way is sent to the PC via an RS232
interface. This then responds by issuing
the information for the control of the
players. The controller then converts this
into electrical impulses for the motor.
Cable or belt sheaves provide the correct
reduction during play. Taking into account
the required acceleration values, the
transmission is designed in such a way
that ensures the motors operate within
the optimal speed range. Combining
tailor-made design and high-performance
drive technology, the specialists involved
in the project have been able to deliver
solutions which were considered impossible just a few years ago. Indeed, today
even the highly efficient range of
standard products available within the
area of microdrives is capable of mastering
complex tasks. All it takes is creativity and
skill – and state-of-the-art drive systems
providing the necessary momentum.

www.merkur-starkick.de
www.gauselmann.de
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Micromotors speed up
PCB assembly

MAXIMUM OUTPUT THROUGH

Today, mass-market electronics are manufactured almost exclusively on high-perform-

CUSTOMIzED DRIVE SYSTEMS

ance assembly machines. Given the nature of these fast-moving products, time is
literally money. Therefore, two aspects are of particular importance for the production
equipment deployed within this area: maximum quantities and minimum changeover
time. For the manufacturer of such machines this means ensuring best possible output,
combined with simple processing in a continuous operation. This requirement can only
be fulfilled if the complex operational sequence remains accurate and reproducible
at all times. An essential component: micromotors with superior functionality and a
micro footprint.
Siemens developed its cutting-edge
SIPLACE X Series with the express purpose
of providing electronics manufacturers
worldwide with an even more cost-



 ffective solution for printed circuit board
e
(PCB) assembly. Alongside an assembly
performance of up to 20,000 components
an hour and a component spectrum of
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01005-components up to 6 x 6 mm,
particular emphasis was placed on the
high-speed changeover. As is the case with
all mechanically sophisticated machines,
the issue of drive technology was also of
pivotal importance.

Supply modules with standard belt widths in
8, 12, 16 to 88 mm

In order to be able to address the task
with the highest degree of expertise, the
team responsible for the SIPLACE X Series
joined forces with microdrive specialist
FAULHABER. The close level of cooperation
in this project provided a solid basis for
component streamlining. The result: firstclass solutions developed at the initial
stage of the project. Thanks to this
approach, a high-performance assembly
machine was developed for the premium
sector – setting new standards for printed
circuit board assembly.

Basic principles
An assembly machine consists of
independent components, all of which
have to operate “in sync”. A placement
head attached to a mobile portal collects
the components from the conveyor
(supply module) and then transports them
to the assembly position, i.e. to the
printed circuit board, to accurately attach
the components. The step between
collecting the component and positioning
the unit to the printed circuit board
requires a considerable amount of time,
i.e. the quicker and less frequently this
“journey” has to be made, the quicker a
product can be manufactured.
Another significant element is the
s upply of components. Currently, the
components are delivered on belts and by
rollers. The principle is similar to that used
in classic photography (rolls of photographic film). Small pockets on the belt contain the components, and a perforation
on the edge of the belt ensures accurate
transport. The belt rollers enter into a socalled conveyor, and the belt travels in
such a way that a component is always
ready for collection by the placement
head. As part of this process it is essential
to maintain both the exact receiving position and the receiving speed of the head.

20-segment Collect & Place unit

Supply has to be guaranteed at all times,
even when several components, one after
the other and from the same belt, are
involved.

SIPLACE Collect & Place unit –
micro design, macro performance
The 20-segment Collect & Place unit, as
the heart of this state-of-the-art machine,
proved to be particularly challenging. On
the one hand, it is a highly dynamic
c omponent, calling for ultra-light
c onstruction, i.e. without a large mass
inertia. On the other hand, it has to be
able to hold as many components as
possible at any one time. The higher the
number of components per cycle, the less
frequently the head has to move back and
forth between the printed circuit board
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and the receiving position, which will
result in faster operating speeds. The
design engineers solved this problem with
the new 20-segment Collect & Place (C&P)
unit.
The head is capable of extracting and
holding the components in place via
negative pressure from pipettes. A camera
records the components that are firmly
connected to the pipette, compares the
position with the target position and
issues a command for the micromotor on
the pipette to turn to the correct position.
The 20-segment C&P placement head
includes twenty pipettes, each with their
own motor. The head itself is slightly
c onical in shape to provide as large a
space as possible for the components. This
means that the space in the upper section
of the head is marginal, i.e. the motors
that align the pipettes with the
c omponents have hardly any room to
manoeuver. In this case, only a highly
specialized design tailored precisely to the
space available can produce a compact,
light-build solution.
The 20 brushless DC motors, which have
a diameter of only 8 to 9 mm including
the position sensor, were developed in a
slightly conical shape for this purpose. As
electronically commutated motors they
are particularly suitable for positioning
tasks under continuous operating
conditions. However, this calls for superior
drive control. This is where the partnership between the two experts proved
decisive. Instead of using two separate
controllers for the motors and the other
components of the head, the team opted
for synergy. The control electronics for the
motors are integrated into the control
board of the other components, thus
taking up substantially less space. The size
and mass are scaled down, while assembly
performance is increased.

Component supply, quick & precise
In order to make the most of the superior
operating performance associated with
the 20-segment C&P head, the supply of
components must also be performed with
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one considers that performance normally
increases or decreases in motors along
with the square of the diameter, the
achievement by the design engineers is all
the more impressive. At the same time,
the drive system has to absorb the traction
of the belt. Generally, this amounts to
several Newtons of tensile force; beyond
this point, the perforation of the belts will
tear. This requirement, which is unusual
for small drives, was met by microdrive
specialist FAULHABER by using two motors
for each belt transporter.
The offset motors operate on a common
helical gear shaft, which in turn drives
the gear wheel for the belt transporter.
This device ensures that the necessary
dynamics and the torque curve up to the
safe range are maintained at all times.
The X-Feeder drive therefore ensures reliable positioning of ±25 µm at cycle times
of less than 40 ms. This facilitates a secure
supply of components with the 20segment C&P head.
utmost precision. Alongside higher
speeds, simple changeover during operation and universal application were
defined as key objectives. Until recently,
the standard for component feed was a
conveyor with a width of 30 mm or more,
which could accommodate one, two or
three belts (standard belt widths: 8, 12, 16
up to 88 mm wide). When changing a
component all belts had to be exchanged
with the conveyor, even if only one
c omponent was different. In order to
increase efficiency, the aim was to
incorporate three independent conveyors
in the designated space of approx. 30 mm
provided by the Triple Feeder. Up until
now comparatively “large” micromotors,
at 15 mm in diameter, were used for the
drives: two next to each other and the
third set to the rear.
However, the requirement for the new
motors in the X-Feeder was a maximum
diameter of approx. 10 mm. Thanks to
special high-energy magnets, these new
motors are capable of achieving performance levels like those associated with
conventional 20…25 mm motors. When



FAULHABER system partnership
Alongside its diverse spectrum of
premium-quality standard components,
FAULHABER is renowned for its proven
track record and its flexible,  highperformance engineering expertise,
making this global player a particularly
qualified partner when it comes to
implementing highly individual and
complex drive solutions.
These range from the simple customized modifications of a standard drive,
through to components  especially
designed to the customer’s specifications, culminating in full-scale system
partnership, which, besides including
joint development and construction
processes, also extends to all other
project-related operations.
As part of this incisive approach,for
instance, tailor-made manufacturing
and logistics concepts are developed
as soon as microdrive planning
c ommences, thus assuring  stream-

lined production processes and  reliable delivery in accordance with the
customer’s requirements.
Once the development phase has been
concluded, customer-oriented project
management guarantees reliable
procedures and processes covering the
full range of specialist areas.
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Into a miniaturized future
with penny-motors
A N I N T E R V I E W W I T H D R . N I E N H A U S F R O M M Y M O T O R S & A C T U AT O R S

mymotors & actuators GmbH, which was founded in 2000 as a spin-off of the Institute of
Microtechnology Mainz, is based in the Wendelsheim High Tech Business Park, close to the
university town of Mainz. The emphasis of the 14-employee-strong company lies in the
development and manufacture of microdrive systems, based on the company’s ultra-flat penny
motor technology. The high-tech manufacturer has been a member of the international
FAULHABER Group since 2003. The info editorial staff spoke with
Dr. Nienhaus, the founder and managing director of mymotors &
actuators GmbH.

info editorial staff:
You describe the penny-motors as a
revolutionary development. What is so
special about this technology?
Dr. Nienhaus:
What is particularly revolutionary is the
ultra-flat structure of the penny-motors
and the new applications that may be
developed using this specific design.
The use of revolutionary technology is
absolutely indispensable achieving the
level of performance demanded by the
user irrespective of miniature dimensions.
Alongside high-precision ball bearings
and multipolar magnetized rare earth
magnets, the coil system that is “unconventionally”  produced via photolithographic processes is one of the unique
features.

info editorial staff:
The trend towards miniaturization is
being witnessed in a diverse range of
industries. In your opinion, what are the
key areas of application for your pennymotors?
Dr. Nienhaus:
They are particularly suited to applications
in medical and equipment engineering,
aerospace technology, as well as to
applications in the field of automation,
safety and communication technology
– for example as a direct drive in scanners
and ventilators, or in the form of a gear
unit for micro pumps or a high-precision
positioning and dosing system.

Scale 1:1



info editorial staff:
What makes the penny-motors so interesting for these industries?

Furthermore, the name FAULHABER stands
for quality and reliability, which  complements the credo of mymotors & actuators
100 percent.

Dr. Nienhaus:
Well, as a result of the ever decreasing
footprints achieved within these areas,
they are capable of translating their
considerable torque and extremely flat
design into a winning solution. Another
key benefit for many users is that, as a
system supplier for microdrives, we not
only focus on the drive itself but also on
the necessary controllers together with
peripheries, such as cables, plugs etc.,
all of which have been “downsized”
a ccordingly. Ultimately, users want a
s olution to their drive problem and
naturally a reliable supplier. We can offer
both in the field of microdrives.
info editorial staff:
In 2003 mymotors & actuators joined
FAULHABER Group, a global player within
this area. What does this mean for
your company?
Dr. Nienhaus:
We are proud to be a part of this
Group. The FAULHABER Group currently
offers the world’s largest, fully-developed
range of products for microdrive systems
available from a single source.



info editorial staff:
Finally, can you give us a brief glimpse into
the future of penny-motor technology?
Dr. Nienhaus:
I don’t have my crystal ball with me, but,
apart from the miniaturization of existing
components, the integration of new
f unctions with an increasingly  smaller
construction space is a specification which
we come across frequently. We recently
developed two gear motor series with
a consistently flat design covering all
r eduction ratios, which can obtain a
considerable torque of up to 10 mNm.

Integrated position sensors have long
been a part of the standard scope of
supply with our brushless penny-motors.
Our aim for the future is to expand the
range of sensor technology and thus
enhance the level of “intelligence” that is
integrated into the micromotors. Our aim
is to transpose the operation and control
options that already exist in the macroscopic range to the field of micromotors,
thus creating a perfect package for our
customers.

www.faulhaber-group.com/mymotors
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I nnovations

Just 0.33 grams

“Automation” Specialist
Press Conference

Scale 1:1

smoovy Series 0308 … B
Despite its tiny dimensions, 3 mm external
diameter and 8 mm in length, the new
version of the brushless FAULHABER DC
micromotor “smoovy” produces  considerable power output.

“Automation” was the key point on the agenda of the 13th
Specialist Press Conference in Bruchsal, to which the Stutensee
editorial office had invited around 30 companies and 50 editorial
staff. How can increasingly complex technology be dealt with
and how can the production processes be made as economical as
possible? These were the central questions which occupied the
guest speakers and the audience. The FAULHABER Group was
represented by Dr. Nienhaus, Managing Director of mymotors &
actuators GmbH, who showcased the company’s “micro systems”
product range. In particularly, he emphasized that micromotors are
an independent segment of drive technology, whose development
and production are associated with specific challenges.
Professionally developed and manufactured with high-end
 aterials, they open up possibilities for automation and micro
m
technology that were previously undreamt of.

www.fachpressetage.de

The FAULHABER Group currently boasts
the world’s most extensive product
range of microdrive systems.

This featherweight hardly tips the scales
at just 0.33 grams, but it nevertheless
generates a continuous torque of
0.014 mNm at a maximum speed of
15,000 min -1.
A precision gearhead with plastic housing
tailor-made for the motor, as well as gear
wheels and a drive shaft made from
durable metal, means that this can be
increased to 0.88 mNm and briefly even
up to 1.32 mNm.
The proven ironless FAULHABER skewwound coil technology ensures highp r e c i s i o n o p e r a t i o n s – f r e e f r o m
cogging.
The motor-gear combinations
of the smoovy series 0308… B
are also available in a  premounted spindle construction,
which can be integrated
directly into the application as
a linear actuator. This provides
the necessary flexibility of this
miniaturised drive series for a
multitude of innovative applications in micro-engineering.

For a full overview, including the
technical data, of this high-tech product
portfolio, please refer to the Group’s
Micro Systems info pack.
Order a free copy now!
By fax (see last page) or at 	
www.faulhaber-group.com
www.faulhaber-group.com/news



I nnovations

Now also available
with CAN interface
FAULHABER Series MCBL/MCDC 3006 C/S
The compact FAULHABER Motion Controllers are now even
more efficient and can be optionally operated via a RS232
or CAN interface.
The configuration of the electronics is based on a digital
signal processor (DSP), which enables a high performance
as well as precise positioning and very low speeds. The
high degree of efficiency permits a continuous output
current of up to 6 amperes.

Drives and
micro precision
systems
NEW: FAULHABER Group product and
service portfolio

Optimally coordinated with the control of brushless DC
micromotors and DC servo motors, they feature extremely
accurate speed/torque regulation as well as
p recise positioning with a resolution
of up to 1/3000 revolutions.
The inputs and outputs can
b e u s e d f o r d i ff e r e n t
p urposes depending on
the  application, and
they can be configured
via the interface. As a
printed circuit board version
the controller can also be integrated
into superordinate systems.
In addition to the well-established RS232 interface,
these Motion Controllers are now also available with a
CAN interface and CANopen protocol. This enables the
networked control of up to 127 drives.
An easy-to-operate user interface and the next-generation
“Motion Manager 3” software are available for effortless
operation of the Motion Controllers even without a
profound knowledge of CAN interface technology.
The clear representation of all the connected drives
and the simple menu structure complement each other
perfectly in this high-performance controller.

The new “Drives and Micro Precision
Systems” guide presents the full range of
FAULHABER Group products and services
in a concise 24-page publication.
Find out about product properties,
technical characteristics, key performance
data and the diverse areas of application
of this cutting-edge technology.

www.faulhaber-group.com/news
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Order a free copy now!
By fax (see last page) or at
www.faulhaber-group.com

I S S U E

1

|

2 0 0 6

I nternal news

The value of improvement
Usually it is those who are involved with the organisation and the development
of processes on a daily basis who provide fresh impetus for successful
improvements.
Since the very beginning of its existence,
FAULHABER has benefited from the
outstanding commitment of its employees,
not only as a result of their day-to-day
activities but also by incorporating their
suggestions and new ideas into company
processes.

Her suggestion regarding simultaneous inspection and measurement of
copper rotors contributed considerably to simplified internal processes, as it
meant that two processing steps could
be consolidated.

Indeed, the improvement of internal
 perations is a valuable source of
o
c ompetitive advantage to both the
company and its workforce. Therefore,
FA U L H A B E R i s e a g e r t o c o n t i n u e
e ncouraging initiative and proactive
involvement among staff by promoting
its internal Suggestion and Improvement
Scheme.
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For each suggestion implemented there
is a small bonus and automatic inclusion in
a prize draw held at the end of the year.

Design:
Regelmann Kommunikation
Pforzheim · Germany
www.regelmann.de

This was how, for example, Mrs. Polovina,
the main winner in 2004, was able to
enjoy an amazing balloon ride.

FAULHABER info is
distributed free of charge
to customers, prospective
customers, employees and
business associates of
companies within the
FAULHABER Group.

Congratulations!
We w o u l d l i k e t o c o n g r a t u l a t e
Mr. A. Fleckenstein of Heraeus Sensor AG
for winning the original “fuel cell drive“
demonstration model as part of
the FAULHABER info issue 2/2005
raffle.

If you have not yet received
a personal copy of this
magazine and you are
interested in future editions,
please register for inclusion
on the distribution list.
A brief e-mail to one of the
addresses specified above is
sufficient.
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C ompetition

Take part & win
Football fun with FAULHABER drive technology.
Simply answer the following three questions:
1.	T h e S t a r K i c k R o b o t w a s
developed as part of a research
project conducted by the
University of

3.	The players’ “ball skills” are
p rovided by a FAULHABER
magnetic pulse generator with a
resolution of

n Munich
n Jena
n Freiburg

n 512 pulses per revolution
n 157 pulses per revolution
n 121 pulses per revolution
	

2.	FAULHABER DC micromotors
deliver the players’ “shooting
power” with an output of over

n	22 Watts
n 220 Watts
n 2200 Watts

More information? No problem!

q	Please also

All correct entries will take part in
the draw:
1st Prize: 1 Table Football Game
2nd Prize: 1 World Cup “Teamgeist”
		
Football
3rd Prize: 1 FIFA World Cup Jersey

send the “FAULHABER info” to:

(complete or attach a business card)

Company

Surname, First Name

Dept./Function

Street, No.

Post Code, City

Tel.

q	FAULHABER GROUP Shortform
q	FAULHABER Drive Systems Catalogue
q	Micro Systems Info Pack
q	ARSAPE Stepper Motors Info Pack
q	FTB Thin Profile Micromotors Info Pack
q	mymotors & actuators Info Pack
q	MPS Info Pack
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Fax

E-mail

q Please remove me from the mailing list
Simply fax this completed page to: +49 (0) 70 31/638-8321.
The closing date for the competition is 31/05/06. Unfortunately, employees of FAULHABER Group
companies may not take part in the competition. The judge’s decision is final (no legal recourse).

