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HEAD-MOUNTED VISION SYSTEM REVOLUTIONISES WORK ON PRECISION STRUCTURES

In-Car
Entertainment

Perfect Vision

High-tech flat screen
with precision motors
for car interiors.

DPage 6

Hexapod
Systems
Powerful drive
technology for highprecision positioning.
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Power
and
Precision
Robust robots
for difficult
tasks.
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New Products
■ DC-Micromotors
1024 ... S series
■ Brushless DC Servomotors
2057 ... B series
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Micro-stepper motors
bring pictures into focus

HEAD-MOUNTED

The trend towards high-

VISION SYSTEM

precision procedures and

FOR MEDICINE AND

miniaturization in medicine

I N D U S T RY S E T S

and industry has continued

N E W S TA N D A R D S

unabated over recent years.
Keyhole surgery and dental

technology as well as industrial microtechnology are
prime examples. Unfortunately, it takes considerable effort
to identify small structures with the naked eye. Magnifying glasses, with their one-dimensional vision, are often
problematic. Unwieldy stationary stereoscopic microscopes
are equally impractical, particularly in the field of medicine.
However, a new kind of optical system is now revolutionising work on microscopic structures; it is worn as a head set.
Miniature stepper motors control magnification and focus for
each eye. A crystal-clear 3D view allows operations on even the
smallest of vessels as well as the investigation or assembly of
microscopic structures – without straining the eyes.
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Working with magnifying glasses and
microscopes greatly limits freedom of
movement. With magnifying glasses,
the distance from the object is fixed,
and microscopes are usually cumbersome and impractical. In addition, there
is a very limited field of vision with both
solutions. This is particularly detrimental
in medicine. After all, it is a well-known
fact that nature has very few “standardized” dimensions, and the human body
is no exception. Lifeoptics, an Austrian
specialist within this field, has found
a much sought-after remedy: a state-ofthe-art microscope head set. This cuttingedge solution offers unlimited freedom
of movement.
The system has autofocus functionality,
just like modern camcorders. The user does
not have to stay at a specific distance –
a key benefit compared with magnifying

glasses. Furthermore, the two independent
lens systems guarantee a three-dimensional field of vision.

In practice
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Infinitely variable zoom function, autofocus and parallax control necessitate
complex mechanics when it comes to
adjusting the optics. In order to provide
a compact, reliable and light-weight
solution, lifeoptics teamed up with
FAULHABER Group company ARSAPE,
specialists in micro-stepper motors. The
result: high-precision technology in the
smallest possible space.

The heart of the mechanics
This highly complex yet portable system
relies to a large extent on state-of-the-art
micro-stepper motors. Unlike DC motors,
stepper motors move on per pulse at a
step angle dependent on their specific
design. Thus, the number of digital pulses
output always corresponds to a defined
rotation. As a result, additional linear or
angular position sensors are not required.
The construction of the drive is smaller
and lighter, and it is simpler to control.

The Varioscope AF3 in use

The Varioscope microscope requires two
motors for each eye. The AM 1020 at a
diameter of 10 mm for the focus setting
and the AM 0820 at a diameter of 8 mm
for the zoom. The focus drive operates
more or less continuously, as it has to
compensate for every movement of the
head.
Vision systems of this size are precision
instruments and make particularly high
demands on the accuracy of positioning.
The problem of inaccuracies due to “play”
in the mechanics was solved by ARSAPE
by using a spindle with micro-toothing.
With a pitch of 0.2 mm and in conjunction
with the built-in motors, it allows a resolution of 10 µm. Both focus and zoom are
set absolutely backlash-free and without
jolts at high resolution. For this reason,
the spindle shafts are also given an
additional fine polish, a process which
is normally only used in precision watches.
In conjunction with a special lubricant,
the level of friction is reduced considerably and thus also the initial breakaway
torque.
An additional pre-tensioning on the
precision ball bearings by disk springs
facilitates zero-backlash movement at

torques of up to 1 N, a value which never
actually occurs in practice.

Mighty minis
Stepper motors are suitable for many –
even highly dynamic – positioning tasks.
Thanks to carefully selected materials,
these miniature units can accelerate up
to 1200 rpm in one step and without
overshooting.The use of high-quality
NdFeB magnets with superior temperature
resistance is the key to their performance.

Precision in the smallest of spaces
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In the basic version, available as Varioscope AF3, users can move freely in a
working distance of 300 to 600 mm. The
foot-operated zoom function allows
infinitely variable magnification from
3.6 to 7.2. The field of vision is 30 to
144 mm, and the pupillary distance can
be individually adjusted to each user.
The M5 design provides an extendible
modular optical system. Changeable
oculars extend the magnification range,
and integrated lighting addresses the
problem of shadows. An extended
possibility of adjustment for individual
eye data is a particularly user-friendly
solution. With an optional video camera,
procedures carried out by the user can be
precisely recorded. Thus, lifeoptics has
come up with a scalable solution tailored
to a range of different requirements. And,
thanks to its ingenious design, the device
can be effortlessly transported from one
workplace to another.

S T E P P E R M O T O R A P P L I C AT I O N S

High precision –
every step of the way

The Varioscope M5 design

x

Indeed, the motors are able to provide
continuous problem-free operation at
70 °C housing temperature for a period
of several days – without interruption.
In this case, the coil may actually reach
a temperature of 120 °C and the magnet
up to 100 °C – without any limitation
on service life or effectiveness. A special
lubricant that is particularly stable against
temperature and aging supports these
properties. Such standard motors have
even ventured into space – with certification for 4 °K. What’s more, the motors
are capable of performing to the highest
standards of precision if they have
been “out of action” for an extended
period of time (performance proven
after seven years of non-operation).
Another advantage of the micromotor
is the use with a 3 V operating voltage.
In contrast, traditional DC motors need
at least 5 V control voltage for the
sensor technology. The “miniatures”
can be supplied for operating voltages
up to 12 V. The ability to identify and
magnify minute structures has
become more important than ever
before. Modern micromechanical technology with micro-stepper motors
provides the ultimate in “freedom of
movement”. Owing to the compact
solution developed by Lifeoptics, sharp
three-dimensional vision are guaranteed
“on the move” – without any strain
on the eyes. Lifeoptics and FAULHABER:
pushing back the frontiers of science.

With a proven track record in micromechanics,
ARSAPE has established itself as one of the
leading stepper-motor specialists for sophisticated positioning systems.
Alongside its state-of-the-art range of standardized products, ARSAPE offers high-precision
customized solutions such as stepper
motors with lead screws or hollow shafts.

The extremely fine surface of the rolled lead screws
and the lead screws pitch – approx. 8 – 21 µm
depending on the type – is the key to minimum
friction and thus high resolutions with joltless
and backlash-free movement. The result:
maximize precision in minimum space. Ideal
for demanding positioning tasks, such as
optical filters, focusing units, distribution of
medical samples, inner-tube valves and other
micropositioning systems.

www.faulhaber-group.com/arsape

www.lifeoptics.com

4

I S S U E

1

|

2 0 0 5

V I D E O & A U D I O A P P L I C AT I O N

M I C R O D R I V E S F O R I N - C A R E N T E R TA I N M E N T:
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The new drive-in cinema
Mobility is all the rage. This even applies to pioneering entertainment and information devices, which are currently taking the automotive world by storm. Vehicle
owners want to enjoy the same electronic lifestyle gadgets on the road as they do
at home. Innovative multimedia products tailor-made for automotive use herald the
dawn of a new era in on-board entertainment.
ClearLine, a pioneering company based in the southern German town of Wurmberg,
has been driving the trend towards in-car entertainment for many years. Committed
to excellence, it has established itself as a high-end supplier of premium media
solutions for motor vehicles – both in Germany and abroad. Micro-drive technology
1

The technical wizardry developed by
ClearLine includes super-flat adjustable
TFT/LCD displays with screen sizes of
8 to 17 inches. They are particularly suited
to instrument panel (Fig 1 ) or overhead
applications (Fig 2 ). What’s more,
they meet the highest standards both
aesthetically and technically.
Equipped with miniature motors, the
high-resolution flat screens are designed
to harmonise perfectly with the relevant
vehicle interior.
The automatic opening and closing
mechanism is highly sophisticated,
requiring a drive system that is equal
to the challenge.

Power and reliability:
compact combination of miniature
motor and gears
One of the key requirements of the
drives is their ability to “dovetail” with
the relevant application both electrically
and mechanically. Another aspect to
be considered is that the space for
installing the opening and closing
mechanism of the monitors is limited
in size. This calls for small, light-weight
drive solutions that can be accommodated as discreetly as possible.
At the same time, superior torque rates
are essential in order to cope with high

has played a prominent role in the company’s success.
leverage forces generally associated
with the opening and closing of in-car
monitors. And, last but not least, the
drives have to be durable and reliable.
After all, the opening and closing
mechanism – like the complete monitor
itself – has to operate for many years,
despite the fact that the “environmental conditions” in the vehicle may
often be extreme. For instance, operation
of the components deployed must not
be adversely affected by vibrations
or extreme temperature fluctuations.
ClearLine opted for a combination of
DC micromotors with precious metal
commutation and a robust planetary gear
head in a metal design as the “driving
force” behind the opening and closing
mechanism of the TFT/LCD monitors.
Such a compact drive unit is no more than
20 to 25 mm in diameter and can
even be integrated into narrow spaces.
In addition, the drive solution is more
than convincing when it comes to performance.
The ultra-light ironless rotor featuring
a self-supporting skew-wound copper
coil gives the motors particularly good
dynamics. Powerful neodymium magnets
provide impressive magnetic forces.
Thanks to optimized brush materials,
even extended periods of non-operation

2

pose no problem for these “micro-masters”.
The precision planetary gear head is
designed to dovetail perfectly with
the micromotor. Its compact construction and durability as well as its
low-noise functionality are equally impressive. Whenever you see an
overhead or cockpit display open and
close in a state-of-the-art motor vehicle,
e.g. as part of a state-of-the-art navigation
or in-car entertainment system, there
is every chance that FAULHABER has
provided essential technology.

www.clearline.de
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Compact drives for hexapod
micropositioning systems

Hexapod micropositioning systems are based on six high-resolution actuators that control a single platform

PA R A L L E L D Y N A M I C S I N M I C R O P O S I T I O N I N G

The miniaturization of
mechanical, electrical

and electronic components is one of the key trends dominating research and development
activities within the area of drive technology. Small yet high-powered motors are capable
of exploiting new opportunities in automation technology. One area that has benefited considerably from miniaturized drive systems is micropositioning technology, designed to undertake high-precision tasks in the most varied areas of application. Micropositioning includes
basic movements with resolutions in the sub-micrometre range and paths of just a few
millimetres up to several hundred millimetres.
6
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Drawing on over 30 years’ experience, PI
(Physik Instrumente) has made a name for
itself as a supplier of high-performance
micropositioning systems. The product
highlights include pioneering six-axis
parallel kinematics micro-robots which
are suitable for a variety of applications.
These specialist fields of application
range from handling systems in electronics
manufacture and product inspection in
precision machine-tool production to
medical technology and optical systems,
e.g. space telescopes and satellite reception systems.

“Flight simulator” principle
Hexapod systems are based on six highresolution actuators that control a single
platform. This is the same principle as
that applied in flight simulators, only
much more accurate. Instead of hydraulic
drives, hexapods are powered by highprecision drive spindles and precisely
controllable electrical motors. Owing to the
reduced mass of the moving platform, the

The precise parallel kinematics microrobots are provided in three basic
versions for various applications. The
M-850 is the ideal system for the full
range of complex positioning tasks,
where high loads of up to 200 kg in the
vertical direction as well as an element of
precision are of the utmost importance.
Each axis can be positioned individually
with a resolution of up to 0.005 µm. The
M-840 parallel kinematics micro-robot
has been developed for smaller loads
and higher speeds. This allows loads of
up to 10 kg to be positioned in any
direction with a speed of up to 50 mm/s
at micrometre accuracy. The most recent
development, the M-824, works with
“folded” drives and features a highly
compact design due to the special arrangement of the drive and the spindle.
One aspect that all three systems have
in common is that they require drive technology tailored to the hexapod’s unique
requirements. In particular, the drive components must be suitable for integration
into the axes of the hexapods. In other
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words, the structural dimensions have
to be as small as possible, but nevertheless be capable of supplying comparatively
high power ratings of 3 to 19 Watt.
In order to achieve the high positioning
accuracy required, the drive systems must
also work as backlash-free as possible
over the lengthy operating period. Harsh
environmental conditions also have to be
taken into consideration, e.g. in outdoor
applications. Micropositioning systems,
for instance, are used in space telescopes
and satellite reception systems installed in
inhospitable mountain or desert regions.

Drives for hexapod
micropositioning systems:
small, robust and powerful
When it comes to challenging applications, FAULHABER’s standard range of DC
precision motors is always primed for
action.
The classic bell-type armature motor
with ironless rotor coil and precious metal
commutation provides very favourable
preconditions for such areas of application. The small, light-weight DC drives
work reliably in adverse environmental
conditions. They are ideally suited for
ambient temperatures between – 30 °C
and + 125 °C. With special design features,
they are even able to deal with high levels

The drive systems used in hexapods have to withstand harsh environmental conditions, e.g. when being used in satellite reception systems and
inhospitable mountainous regions or desert areas

7
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This hexapod system operates with “folded”
drives and is of a very compact design due
to the special arrangement of the drive and
spindle

settling time for positioning is considerably less than with conventional, stackable
multiple-axis systems. The pivot, which
can be freely defined using software
functions, remains independent of
movement, which is important in optical
adjustments, for example.

1
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width modulated signals, close to
the motor in the basic board of the
hexapods.

x

Position detection with
magnetic pulse generators

of humidity of up to 98 %. For PI,
an important consideration in the
selection of motors was the immediate and high torque start-up
of the DC motors after a voltage is
applied. This ensures direct reaction
to the control signal. Thanks to the
self-supporting copper coil, it is possible to construct particularly light
motors with efficiency grades of
80 % and more.
Depending on the design and
area of application, the hexapod
micropositioning system combines
DC motors with reduction gears.
The low-play cylindrical gearing in
an all-metal design is particularly
conducive to uniform and low-noise
operations.
To avoid backlash, in most cases
the gears are pre-tensioned. Motor
and gears form a compact unit and
are 60 mm long at a diameter of less
than 25 mm. So even at rather tight
installation ratios in the hexapod
axes, the drive units can be easily
integrated. Electrical connection
is also particularly user-friendly.
The DC geared motors can be controlled directly by PC cards without additional boosters. In some
cases, however, manufacturers
of hexapod micro-positioning
systems have incorporated servoboosters with inputs for pulse8

For precise positioning, it is absolutely essential that one knows
the actual position of the motors.
Once again, FAULHABER came up
with an effective solution. With
the DC micromotors built into the
hexapods, the current positions
are recorded with magnetic pulse
generators supplying 512 pulses
per rotation. Resolutions of up to
0.005 µm are produced by means of
quadruple interpolation, depending
on spindle pitch.
The pulse generators consist of a
multiple-pole, low-inertia permanent magnetic disk, which is incorporated either on the motor
shaft or directly into the rotor of
the motor, depending on the type
of unit deployed. Magnetic sensors
record the changes in magnetic
flux. The output includes two
90° phase-shifted incremental
output signals, which are subsequently processed by the system
control of the hexapods. The supply
voltage for pulse generators and
the DC micromotor as well as the
output signals are connected via
a ribbon cable by means of a plug.

www.physikinstrumente.de

Parallel vs. serial
kinematics
In kinematics, one can basically distinguish between parallel and serial kinematics. In serial systems, each actuator
focuses on its own positioning platform and is assigned to one axis. This
approach allows simpler mechanical structures and control technology.
However, as runout errors tend to add
up with the “stacked” systems, the degree of precision achieved is lower than
with parallel systems. With parallel kinematics, unlike serial kinematics, all
actuators act directly on the same platform. Alongside improved accuracy, this
has a number of benefits: lower inertia
of masses and thus superior dynamics,
no moving cable that generates friction
losses, and a more compact structure.
The control of such systems is, however,
very demanding and requires much more
expertise.
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Power and precision:
high-tech robot arm

DC micromotors
pack a powerful punch
ROBOT VEHICLE

Today, mobile robots are often deployed

WITH FLEXIBLE ARM

in critical situations that are simply too
dangerous for humans to handle – as part

of industrial operations, law enforcement or anti-terror measures, e.g. to identify
a suspicious object or disarm a bomb. Owing to the extreme circumstances, these
“manipulator vehicles” have to meet particular requirements. Exact manoeuvring and
precision handling of tools are two essential prerequisites. Of course, the device also
has to be kept as small as possible in order to allow access through narrow passageways. Naturally, the drives used for such robots have to be equally impressive. Special
high-performance micromotors have become an essential component.

Small, light and strong

Robust robots for difficult tasks

For difficult, dangerous tasks, telerob, a
specialist in remote handling technology, has developed the disarming robot
Teodor. The all-terrain mobile robot on
caterpillar treads is controlled wirelessly
via radio. Lead gel batteries provide it
with power, which makes it completely
independent. Because of the low centre
of gravity, the manipulator arm can lift
up to 30 kg securely.
With a swivel range of 360°, it effortlessly reaches everything within the
vicinity of the chassis. The telescopic
module allows the arm to extend by
another 400 mm, often a decisive advantage when using a particular tool or
inserting a key into a lock.

Having said that, holding a 30 kg mass
at the end of the arm securely poses
quite a challenge. At the same time,
specific tasks call for precision rather
than brawn. Moreover, the tip of the arm
has very limited space for components.
Therefore, light and extremely compact
drives are required for the gripper. To
meet these challenging requirements,
Telerob teamed up with micromotor
specialist FAULHABER. The gripper must
be able to swivel around 360°, while at
the same time displaying the precision
and power needed to handle a range
of different tasks. Power consumption
also plays a pivotal role when it comes to
battery driven devices, as the higher the
drive efficiency, the longer the period
over which it can be used.
The “drive problem” was solved by
using DC micromotors with planetary
gears and holding brakes. The 3557 series
motors perform up to 26 W at rated
voltages of between 6 and 48 V. Together with the preset gears of series
38/2, they can develop forces up to
10 Nm. The all-metal gear is durable and
insensitive to brief load peaks.

The reduction ratio can be selected suitably for use between 3.7 : 1 and 1526 : 1.
The compact motor gear unit fits
snugly into the upper area of the
manipulator arm. The integrated holding
brake secures the final position in the
event of a power failure. What’s more,
the compact unit can be exchanged
rapidly for maintenance purposes or if
it has been damaged. Another key advantage: the robust DC brush motor only
requires a simple control with current
limit. Feedback of the current intensity
via a counterpressure on the remote control lever gives the operator a feel for the
force applied on the grippers or “wrist”.
Compact drive units made of DC precision motors and adapted gears are ideal
for a wide variety of drive tasks. They are
robust, reliable and inexpensive. Staged
reductions and the simple control of the
motor with standard components
meet all essential prerequisites
for use – inexpensively, quickly
and reliably.

www.telerob.de
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Powerhouse

Endurance
runner

Scale 1:1

Scale 1:1

Series 1024 ... S

Series 2057 ... B

Wherever high torque is required in a
small space, the new DC micromotor
Series 1024...S is more than convincing.
These motors equipped with NdFeB
magnets achieve a permanent torque of
1.28 mNm at speeds of up to 14700 rpm.

Boasting an outstanding power/volume
ratio and superior electronic commutation,
the new brushless DC servo-motors of the
series 2057 ... B are absolute workaholics.

With an external diameter of only 10 mm
and a length of 24 mm, the power/
volume ratio is truly impressive. The
precious metal commutation with its
small transmission resistances allows it
to be used at even the smallest initial
voltages. The rotor shaft, which is 1 mm
thick, provides high rotational stability.
Further design characteristics are the
integration of the rear ball-bearing in
the stator instead of the brush lid. To
guarantee optimum heat dissipation,
the housing is coated in black.
Series 1024 ... S can be combined with
numerous planetary and cylindrical
gears from the FAULHABER range with
diameters from 10 to 12 mm. Thus, the
continuous torque can be increased to
over 100 mNm. The pulse generators
available for this range allow a precise
control of speed and direction of rotation,
as well as the positioning of the drive
shaft. Whatever the task, FAULHABER
can supply powerful drives capable of
meeting the challenge.

www.faulhaber-group.com
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With an external diameter of 20 mm and
a motor length of 57 mm, these miniature
powerhouses fitted with high-quality
neodymium magnets (NdFeB) achieve
a power output of up to 65 Watt, at a
maximum torque of up to 18 mNm and a
maximum speed of around 58 000 rpm.
Thanks to the laminated construction,
they are extremely robust. Due to the
brushless commutation, the service life
is only limited by the durability of the
bearing and electronic components used.
Therefore, they are particularly suited
to tasks requiring continuous operation
under extreme conditions of use.
Three integrated Hall sensors determine
the position of the rotor by evaluating
the rotor magnetic field, thus allowing
the speed to be controlled by means of
separate control electronics.
The 2057 ... B series is complemented by
a comprehensive selection of tailor-made
precision gears, impulse generators and
controls from FAULHABER, thus creating
an impressive package of powerful,
dynamic drive systems for a vast array of
applications.

www.faulhaber-group.com
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X-ray vision
Only the best is good enough for FAULHABER customers. In order to meet these
exacting standards, the measures for testing and quality assurance have to be particularly thorough. Or, as in this case, particularly innovative. Committed to supplying
superior products that work reliably in any scenario, FAULHABER uses X-ray testing
to inspect complete systems and individual components.
State-of-the-art X-ray technology gives a
detailed “insight” into the properties of
various components, e.g. coils, welding
points for electronics, bonded terminals
for hybrids and other covered parts –
without disrupting the motor or the
component. This is all the more important when one considers that certain
analyses relating to product specifications can only be conducted on the
basis of assembled units. Another advantage of this method is that the
product remains intact for further
tests and can be reinvestigated, e.g.
after an initial test cycle has been run.
Furthermore, the latest generation of
X-ray systems is able to measure the
position of individual components in
relation to each other without removing
them – both in the x/y axis and with µm
precision. The results obtained from
these analyses can be displayed in a
manner that is particularly user-friendly.
Moreover, the data can be stored for
subsequent use.

This test procedure is also used to
support assembly inspection and optimisation during production. Alongside
standard quality control measures, this
procedure supplies valuable information
which is also used for the development
of new drives or components. Thus
“X-ray vision” has become an integral
part of FAULHABER’s extensive quality
assurance and optimisation programme.

MINIMOTOR SA
Croglio · Switzerland
Phone: +41 (0)91 611 31 00
Fax:
+41 (0)91 611 31 10
Email: info@minimotor.ch
www.minimotor.ch
MicroMo Electronics, Inc.
Clearwater / Florida · USA
Phone: +1 (727) 572-0131
Fax:
+1 (727) 573-5918
Email: info@micromo.com
www.micromo.com

Design:
Regelmann Kommunikation
Pforzheim · Germany

FAULHABER Info is
sent free of charge to
customers, interested
parties, employees and
friends of the companies
operating within the
FAULHABER Group.
If you have not already
personally been sent
this magazine and are
interested in other
issues, please register
in the distribution list.

Innovative quality control and information
source: the X-ray picture reveals the inner

A brief e-mail to one of
the addresses mentioned
above is all it takes!

workings of a motor
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More Technology.
More Expertise.
More Power.
Even Online.
Feel free to browse through – and discover the many possibilities offered by
the FAULHABER Group.
The newly designed FAULHABER Group
website includes all the latest product
highlights, inspirational application
reports, interesting press information,
useful downloads and, of course, detailed
technical data on each product within the
Group’s technology portfolio.
A fast, convenient and easy-to-use service
delivered at the click of a mouse button
www.faulhaber-group.com
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