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A pplication M e a s u rin g T e chnolo g y

Teamwork in the sub-µm range
SY M B I O S I S O F F A S T D C D R I V E A N D

Miniaturization is much in demand. Whether in the field of electronics,

PRECISION PIEZO MOTOR FOR HIGH-

mechanical engineering or biology, high demands have to be met in terms

ACCURACY LINEAR POSITIONERS

of dimensional accuracy of ultra-miniature structures in particular. To be
able to measure structures in the sub-micrometer range reliable, specialist

know-how is essential; simply adopting a downsized standard solution from the „big world“ is
not an option. Linear positioners, permitting tiny increments beneath a measuring probe by means
of piezo actuators, have been a tried and proven method for a long time. They do a reliable job
even in the nanometer range. One of the disadvantages of them, though, is the low dynamism of
their drives and their limited feed length. A patented system comprising a fast DC drive in combination with a high-precision piezo rotary drive mounted on a common spindle has provided a
solution to this dilemma. Rapid delivery to the measurement point, then minimal feed rate for
maximum resolution over long positioning distances is no longer a problem.
2

Ultra-fine motion control in the production
of high-purity crystals and in focusing,
scanning, adjustment, inspection and
measurement tasks in the sub-µm range
demands highly accurate, reproducible
movements. The conventional approach
to this is to run the object being measured
past a measuring probe or actuator on a
linear positioner. Piezo drives are known
for their capacity to deliver ultra-fine stepwidths, but unfortunately their dynamism
is insufficient to transport the payload
into the work area. The traditional solution too – by which these very low speeds
are attained at very low resolutions based
on multi-stage, wide-stepped, play-free
reduction gearing – means minutes of
approach work to reach the measuring
position. But long setup times cost money.
Precision movement specialist Feinmess
Dresden GmbH has now come up with a
patented solution for this dilemma. The
fast non-precision transport is provided by
a geared DC drive, with the fine adjustment then being handled by a highprecision piezo motor. In cooperation with
FAULHABER, the drives were optimized to
perform this combination of tasks in
harmony.

Time is money
Ultra-small scale motion involves different
principles than those on which normal
positioners operate. Because of the short
distances covered, the key factor in terms
of positioning time is not the maximum
speed of the drive but the acceleration
and deceleration time and the span of the
mechanical excursion of the overall setup.
So to improve the dynamism of the positioning process, those three factors have
to be paid special attention. The precision
measurement specialists delivered the
solution by „splitting“ the task, with a
tailored drive solution provided for each
type of movement. The best solution for
housing two drives on a linear positioner
is a ball screw drive unit. A drive can be
placed at each end of it. The positioning
system produced in this way can also be
fitted with extra components to enhance
efficiency in many applications. And there
is another advantage: there is theoretically no limit to the feed length; the
spindle can be made as long as required.
This also enables larger measurement
objects with multiple measuring points to

be processed rapidly in one clamping
operation. By contrast, conventional
(stacked) piezo drives are restricted to just
a few millimetres of positioning width.

Utilizing natural properties
A good solution means achieving maximum benefit at minimal cost. Even
high-tech solutions can be implemented
with relatively simple components – you
just have to know how. For fast positioning in high-speed mode, for example, a
conventional brush motor with rotary
encoder connected to the shaft by a
bellows coupling is adequate as the drive
element. Since its runs for a relatively
short time, the heat input by the motor is
negligibly low. Depending on the spindle
pitch used, a speed range from 0.5 mm/s
to 100 mm/s is practicable. This corres
ponds to the value for „rough positioning“ in many standard solutions. After
switching to high-precision mode the
special feature of the new solution
becomes clear:
In positioning mode, the system switches
powerlessly – so with no heat input – to
the drive featuring a rotary piezo motor
at a speed of 0.5 mm/s by way of a permanent magnetic coupling. At rest, the drive
then works as a passive spindle brake,
damping oscillation and preventing
unwanted movement of the positioner
system. A high-resolution linear measuring system continuously records the
movement and transmits the information
to the motor controller. In this way, the
drive moves the linear positioner in highprecision mode at a speed of 0.00002
mm/s to 0.15 mm/s – that is to say, a
minimal 20 nm per second! The speed
constancy at the bottom end of the range
is only dependent on the resolution of the
linear scale used. The repetition accuracy
is <100 nm. The speed range of the
positioning system can attain a ratio of
over a million to one between maximum
and minimum based on the task-splitting
technique.

lead time and money. Different motors are
used depending on the torque required.
The 23 mm diameter motors, for example,
reach around 7000 rpm and up to 16
mNm. They are specifically designed for
use in conjunction with magnetic encoders.
These two-channel incremental encoders
are available with 64, 128, 256 or 512
pulses per revolution. Plug-in gear units
are available for the 22 mm diameter
motor to provide the necessary speed
reduction and increase. They come in
many stepped reduction ratios.
FAULHABER GROUP company PiezoMotor
AB in Sweden supplies the piezo rotary
motor for the high-precision drive. These
drives are likewise very compact, being
just 32 x 23 mm (L x D) in size and weighing just 70 g. They work with control
voltages in the range from 0 to 3000 Hz
and reach 13.5 rpm at 2100 Hz. Their turning torque is 80 mNm, and their holding
torque 90 mNm. The maximum incremental stepwidth is 0.35 mrad. A 3 mm thick,
6.5 mm long shaft provides the mechanical link to the permanent magnetic coupling or other applications.
Efficiency for systems involving ultraprecise positioning in the nanometer range
can be dramatically improved by the right
idea. Longer strokes, higher precision and
faster positioning than conventional
models save users valuable production
time. Despite these advantages, the new
solution employs relatively simple drive
components. Tried and proven miniature
drive products optimized to the specific
application case can usually handle even
the most demanding tasks reliably

www.
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Optimum movement
Precision does not have to cost the earth.
Conventional precision motors with
graphite commutation are suitable for
use in dual-speed linear positioners.
FAULHABER adapted the standard motors
to the application, so saving development

2 technologies, 1 solution: FAULHABER
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0.001 ml of fluid
precision-dosed
M I N I AT U R E D R I V E P O W E R S

Small is „in“. As a consequence, the spread of miniaturization in automation is leading

C O N V EY O R R O T O R I N

to ever increasing demands for optimum dosage of the tiniest quantities. Whether in

P R E C I S I O N D I S P E N SE R

electronics or micromechanical engineering: solder pastes, adhesives, lubricants, potting
and sealing compounds have to be applied precisely where they are needed, in exactly the right dosage, with no spillage or dripping. Precision volume dosage units are the
method of choice when high flexibility allied to exact application is essential. In line
with their usage, units of this type also have to be extremely compact. So miniature
drives are the most suitable power source for them. They deliver high performance in
a compact design, and are highly dynamic as well as precisely controllable – both attributes which are essential to a dosage unit
Automatically dosing small quantities in a
targeted way is no trivial matter. In fact,
it demands detailed know-how and innovative strength. The specialist in precision
volume dosage under the brand name
preeflow®, ViscoTec Pumpen- und Dosiertechnik GmbH based in Töging am Inn,
Upper Bavaria, offers both of those
qualities.

2232 series mini powerpack with
encoder and planetary gearhead
in 22 mm motor diameter
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So as not to be continually reinventing
the (drive) wheel, the dosage specialists turned to the drive experts from FAULHABER.
Together, they quickly devised a robust, precise drive solution for the dosage units.

Volumetric dosage
There are a number of possible methods
of dosing ultra-small quantities. Dosage
by volume has proved the most simple and
flexible method in practice. The substance
being transported „only“ has to be
brought to the dosage tip by constantflow pumps. The desired quantities are
then delivered based on the known delivery quantity and time. Of course, here as
in many tricky tasks, the devil is in the
detail. Factors such as differing viscosities,
abrasive or more smearing substances,
elasticity, tendency to drip etc. must be

the design to be kept slim. The gears and
motor bearings are lifetime-lubricated
and maintenance-free. The integrated
encoder enables precision quantity
dosage and drip-free separation of the
medium based on exact feedback of the
drive rotor position. The gear reduction
improves this resolution on the conveyor
rotor of the dispenser module still
further.

Targeted medium application with the
eco-PEN dispenser unit from ViscoTec

taken into account when designing the
dispenser unit. In the eco-PEN, those and
other criteria are met on the basis of
practical experience. The heart of the
dispenser unit is a rotating, absolutely
pressure-tight positive displacement
system, comprising a self-sealing inner
rotor and the outer stator. A controlled
rotary motion of the rotor transports the
medium by positive displacement. A
reverser also permits the system to transport backward. This enables neat,
controlled material separation with no
dripping. The medium itself is transported
in a non-harmful way, without altering its
structure.
The system is designed to be self-sealing
with water up to 2 bar delivery pressure.
As the viscosity increases, so does the selfsealing effect. This makes it possible to
achieve dosage pressures of 16 to 20 bar
without problem. This high delivery
pressure in turn permits the use of smaller
needle and nozzle cross-sections for finer
application areas. It is also possible to
apply a basic admission pressure for highviscosity media. This means that no pressure tank is needed for self-levelling

fluids. In this way, 0.15 to 16.9 ml of
medium per minute can be continuously
transported with just three models. If
point dosage is required, a minimum
quantity of 0.001 ml, 0.004 ml or 0.015 ml
can be precision-placed, depending on the
model.
For improved maintenance and cleaning
when changing media, the volume dosage
units are modular in design – comprising
a drive unit and the actual dispenser unit,
with a separate controller for the drive.

High-torque drive
The high possible delivery pressure in the
dispenser module of course means a hightorque drive is essential. Given the
restricted size of the unit, the only feasible
option is a miniature motor with a
gearhead. Working with FAULHABER, the
designers quickly found the right mini
powerpack for their needs. The best value
for money was offered by a brush motor
with an encoder and planetary gearhead.
The brush commutation provides for easy
pulse width regulation and reversing.
Fitting the encoder and planetary gearhead within the motor diameter allowed

The compact drive block, comprising the
motor with the encoder and gearing, is
just 22 in diameter, depending on
dispenser model, while the motor is
32 mm long and the gear length is
27 to 48 mm (9 to 23014:1). The „big
brother“ is 26 mm in diameter and 42 mm
long, with gear length from 28 to 60 mm
(3.7 to 1526 :1). The motors deliver
10 mNm of continuous torque at 6 to
24 VDC, with the big ones delivering
28 mNm at 12 to 48 VDC. This torque is
increased as necessary by the specific gear
to the level necessary for the dispenser
unit at 20 bar delivery pressure. The plugin encoder delivers 64 to 512 pulses per
revolution depending on type, so in
conjunction with the gear unit this
produces a fine resolution of the conveyor
rotor position. A custom cable connection
feeds the operating voltage and encoder
signal to the control unit.
Miniature drives are a space-saving
alternative for many of today‘s drive
applications. Power and size adapted
gears and encoders are also available,
enabling the drive to be integrated easily
into many systems. The drive often
replaces expensive, maintenance-intensive
mechanical transmissions on site, or
indeed makes a design concept feasible in
the first place thanks to its compact size.

www.
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Non-contact
power supply
M iniat u r e driv e s e nabl e

Technical equipment and systems need power, but electricity can only

a n e w m e thod of

be stored in small quantities. If wired power is the preferred option,

„ fr e e “ e n e r g y s u pply

the cables often get in the way. One remedy is provided by systems
based on induction or radio waves. But the cost of such systems is
mostly greater than their benefit. A new method of „free“ power
transmission is setting new standards in terms of efficiency and spacesaving. It enables actuators and sensors in industrial applications and
technical systems to be powered conveniently and at low cost, continuously or discontinuously depending on requirements.

Diagnostic and therapy
capsules with integrated
generator and transfer
modules for non-contact
power transmission –
compact technology worn
comfortably on a belt.
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Wired supply is essential in many applications subject to high power demand. But
thanks to MOSFET technology and energysaving components, modern-day sensors
and miniature drives and circuits are highly efficient. They are easily able to work
with „maximum“ power outputs in the
triple-digit milliwatt range. Though batteries are capable of supplying this power,
their size is then usually many times greater than the useful energy they provide.
Also, galvanic primary and secondary elements are not reliable in continuous duty
over longer periods of time; they are simply used up too quickly, or age too rapidly. Power transmitted by radio waves leaves most of the input energy unused,
often then causing interference in the surrounding area, and it is also unable to
transmit power into a Faraday‘s cage –
that is to say, any technical equipment
inside a metal housing. Inductive systems,
for their part, work only with very tight
coil spacing, and so are limited in range.
A new process devised by Triple Sensor
Technologies GmbH (TST) based in Jena,
Eastern Germany, bypasses the limitations
of the familiar chemical and physical energy storage and transmission methods.

A compact transformer
module thanks to compact
drive systems

Transferring motion
The new patented process is based on the
magnetic transfer of a rotary motion from
a source to a receiver. In the receiver – the
generator module – this rotary motion is
then converted into electricity. Inventor
Dr. Lausch from Triple Sensor Technologies
GmbH (TST) highlights the particular
advantages of the new solution:
„The transmitter module is very compact,
and can easily be worn on a belt for
medical implants for example. Its effective
range is nevertheless about 50 cm. There
are no emission losses as with radio waves,
even under no load, as the transmitter
only has to deliver more power when
some has been tapped by the receiver.
Moreover, the generator module is
easy to locate for mobile probes.“ The
currently available mobile receiver
modules, measuring 10 x 12 mm (diameter
by length) allow up to 100 mW of power
to be transmitted. To ensure the trans
mitter module design is as compact as
possible, the manufacturer is working
with miniature drive specialist FAULHABER.
Adapted standard products provide the
scaled power output in line with requirements and – also very important – the
necessary compact, easy to program
controller.

On the belt: efficiency off the rack
The engineers in Jena took their pick
from the wide range of miniature drives
offered by FAULHABER. Since the universal
application model demanded both continuous duty and short-time power supply,
they chose wear-free EC motors in 20 mm
outer diameter and with a length of 60
mm. In this design, the only wearing
mechanical parts are the rotor bearings.
Selected ball bearing materials and special
lubricants allow for high speeds and
service lives of several tens of thousands
of hours. Despite their compact size, the
miniature drives deliver big performance.
They can be loaded well beyond their
continuous torque limit for short periods

on startup, which is a key advantage. This
means the transfer module is able to
supply power both continuously over long
periods of time and on tap in short spells
as required. As a result, swallowed
capsules can be powered, as can dosage
systems implanted in the body, or
hermetically sealed sensors in technical systems which only need to be powered
on demand, such as for parameter
polling.
To control the heart of the transfer
module – the EC motor – the developers
chose compact motion controller measuring just 34 x 25 x 14 mm (W x H x D).
Together with the Motion Manager operator control software, the parameters can
be set quickly and cost-effectively for any
specific application case.

Inner values
Of course, the applications of the ultraminiature drives are not merely limited to
the outer transfer module. Miniature
drives are also outstandingly well suited
to use on the generator side too. Depending on the task at hand, the power
module can also be adapted to the power
demand of various miniature motors for
mobile operation. In this, too, the extensive product range offers the developers
a broad basis for achieving precisely tailored solutions. It includes EC and DC motors,
and offers diameters from 12 and 10 mm,
through 6 mm variants, down to just 1.9
mm. And of course, flat penny motors or
non-mechanical loads such as sensors can
also be supplied with mobile power. So
the right non-contact powered drive is
available for virtually any mechanical task,
and minor adaptations can be easily
made.
The new concept for the first time permits relatively far-reaching, efficient noncontact power transmission. Compact in
design, based on standard components
such as miniature motors and motion controllers. Both the transmitter and receiver
modules are scalable to adapt to specific

power requirements. In this, too, the
manufacturer is able to profit from the
wide range of miniature drives available.

An EC motor powers a magnet in a
special fixture inside the transfer
module. Under no load, the drive
merely has to compensate for the
friction losses of the bearings; it consumes no additional energy. When a
power module is then introduced into
the virtually spherical transfer space, a
small magnet there couples to the alternating field density of the source
magnet. This starts the small magnet
itself rotating, generating a current in
appropriately wound coils. This current
is then available as useful load as long
as the outer rotating field is exciting the
generator. This secondary-side power
draw naturally slows the outer magnetic
field of the transfer module; the
consumed energy has to be resupplied
by the drive motor of the outer module
in order to maintain the magnet‘s
rotation speed. The use of a magnetic
coupling enables the power to be
transmitted through all non-magnetic
materials. Even biological tissue, plastic,
nonferrous heavy metal, titanium or
amagnetic stainless steel shells are
no obstacle. Consequently, the process
is suitable for many different medical
and technical applications

www.
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Drive engineering
under high pressure
M I N I AT U R E D R I V E P R E V E N T S

Pressure pulsations in hydraulic systems generate disturbing noise. At the same time,

P R ESSU R E R E F L E C T I O N S

body and fluid borne sound can place the hydraulic system under load. The main causes

I N H Y D R A U L I C SYS T E M S

of it are hydraulic (positive displacement) pumps. As a result, fuel injection pumps in

T ES T R I G

motor vehicles, for example, must be tested for smooth running in the relevant system.

In the course of the necessary steep pressure rise to as high as 2000 bar, the pressure pulsations proliferate and may be reflected at
line ends. Such reflections disturb precise measurement of the actual pump pulsation. A hydraulic damping resistor powered by a
miniature drive prevents such reflections, so enabling accurate test rig measurements. .

With regard to fuel injection systems in
diesel vehicles especially, great value is
placed on maximum smoothness and reliability. Computer simulations and test rig
measurements are the method of choice
in achieving this. In order to obtain exact
measurements and prevent pressure
reflections, the FLUIDON fluid technology
corporation based in Aachen, Western
Germany, has developed a hydraulic damping resistor as a line terminator. Since
modern-day systems work with pressures
8

up to 2000 bar, it cannot be adjusted from
the outside. So working in conjunction
with FAULHABER, an internal adjustment
kinematics system was devised featuring
a miniature drive.

Damping essential
The Aachen-based corporation specializes
in computer simulation of hydraulic
systems of all kinds. Since a simulation can
only be as good as the data on which it is
based, the software developers also ope-

rate a basic research lab. However,
disturbing reflections in their test rig
setups impede or prevent precise evaluation of the desired parameters, such as of
fuel injection pumps. Now they have
devised a method to minimize the disturbing reflections of the measured pressure
waves. Similarly to surge impedance in
electrical systems, a precisely set „terminating resistor“ can prevent reflections.
In practice, this is made possible by a
„simple“ trick: The low-reflection line
terminator consists of an adjustable
screen with a downstream compensating
volume. When properly set, the adjustable
screen generates precisely the value of the
wave resistance of the upstream pressure
line. In order to generate a working
pressure for the hydraulic pump, the
compensating volume is connected via an
adjustable restrictor to the oil return line.
So the pump in the test rig realistically
works against oil pressures as high as 2000
bar, similar to real operation with
injectors. Consequently, the data obtained
in this way reflects actual everyday operation and so ensures the simulation software is founded on a sound basis.

Devil in the detail
As the adjustable screen is located in the
compensating volume, it is also subject to
the high working pressures. An initial
prototype with manual adjustment of the
screen geometry revealed the mechanical
execution as the weak point. Easy infinite
adjustment and a truly leak-tight spindle
rod proved practically unfeasible. So the
test rig experts opted for „internal adjustment“ by means of electric motor. The
static sealing of the two power cables
necessary for this, by way of an insulated,
self-sealing conical joint, is no problem.
The drive they chose was a 15 mm brush
motor from the FAULHABER product range. The system is adapted manually to the
relevant test rig setup. So the 24V motor‘s
speed can be precision-regulated by way
of a simple PWM controller. Since the

Test rig for measurement of a diesel
injection pump

exact driving force and the necessary
resolution and adjustment speed were
initially unknown, the developers tried
out several different planetary gearheads
from the closely graduated range of
available gearing for the motor. The optimum motor speed reduction ratio was
then found to be 369:1. Both the motor
and the gearhead work without problem
under the full operating pressure of the
hydraulics. The standard products were
slightly modified for this application:
Because a hydraulic system has to be
vented, both the motor and the gearing
were provided with small vent holes. This
enables the air to escape more easily, and
during operation there is a minimal flow
of diesel or diesel substitute fluid through
the components. The current transfer via
a standard brush and collector and
the insulation of the coil exhibit no
impairment whatever, even under high
pressures. Based on the good experience
gained, a second system for high-viscosity
fluids was constructed. This application
called for rather larger drives, as the
viscosity has a direct influence on the
necessary positioning forces, for example
due to the friction losses on the rotating
armature.
State-of-the-art off-the-rack miniature
drives are often much more capable than
developers and users think. So it is well
worthwhile finding out the true limits of
the miniature devices, especially for
primarily exotic application conditions.
Often minimal modifications are enough
to ensure adequacy to a specific application. If the drive specialist is consulted at
an early stage of the development
process, low-cost, compact drive solutions
are often possible.

Theory
of pulsation and reflection
Positive displacement pumps with
periodically fluctuating delivery pressures are frequently used in hydraulic
systems. The resultant pressure pulsations proliferate throughout the
system at the speed of sound. Since
the pulsation may also be emitted as
body or air borne sound depending
on the system configuration, its value
should be kept as low as possible.
However, during measurement the
original pressure wave is overlaid by
waves generated by reflection. It is
then impossible to evaluate the resultant wave „chaos“.
Similarly to electrical wiring, however, all injected waves are „swallowed“ by a terminating resistor if its
impedance matches that of the line.
So if a suitable resistor is used – that
is to say, if the correct screen opening
is set – an adjusted amplitude pattern
of the measured wave is produced.
The wave impedance of a line is
defined as:

Hydraulic

Electric

The struck-through quantities are
length-related, meaning they are given
in [unit per meter]. Clearly shown in
comparison: characteristic quantities of
hydraulic lines and electric wires.
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High-performance ceramics
for ultra-miniature ball bearings
S TAT E - O F - T H E - A R T M AT E R I A L S O P E N U P N E W O P P O R T U N I T I ES

Engineers have always relied on special bearings and lubricants as remedies against friction. But miniature and ultra-miniature
bearings, in particular, are subject to special conditions. Simply downsizing applications for larger bearings is not the route to
success. Even conventional components designed for miniaturization frequently cause problems when implementing complex
solutions. An interesting alternative, delivering major benefits when working with ultra-miniature components in particular is the
use of state-of-the-art high performance ceramics.
Friction is the enemy of continuity. For a
long time, the only way to counter it
was by using lubricated bearings. The
disadvantages of that solution – especially
in long-term use – were accepted as inevitable. In order to bypass this long-term
durability problem, Micro Precision Systems
AG based in Bienne, Switzerland set itself
an ambitious goal: to do without lubricants in the bearing altogether. Based on
the use of state-of-the-art materials and
applying optimized manufacturing
methods, this not only resulted in the first
lubricant-free watch bearing, it even
enabled additional features with enhanced functionality to be incorporated.

Well lubricated ...
Seen close-up, friction is the catching and
release of ultra-fine surface structures.
That costs energy of course, and results in
abrasive wear. The only remedy is to produce as finely polished a surface finish as
possible and to use roller bearings which
minimize the contact faces in conjunction
10

with lubricants to aid smooth running and
separation. Such lubricants are nowadays
for practically all bearings used in precision
engineering. Conventional bearings made
of sintered metal contain oil in the pores
which forms a lubricating film during
operation. Even sapphire bearings cannot
work entirely without a lubricating film.
Steel bearings also need a lubricating film
to separate the surfaces of the bearing
components and so reduce wear and
corrosion. All lubricants also have significant disadvantages however:

... they don‘t last (very) long
Oils are well suited to use as lubricants.
They are, however, very ‚fluid‘, and so
difficult to keep in place in the bearing.
Consequently, similarly to milk, they are
boiled into a type of pudding – known as
grease – which makes them much easier
to use. But just like milk-based puddings,
grease develops a tough covering skin,
especially over lengthy periods of time, or
pure oil leaks out. Both factors impair the

Much longer lives than conventional bearings:
hybrid bearing in dentist‘s drill turbine

a

b

One-way ball bearing with return block: the ceramic
balls additionally perform a blocking function. Figure
a: gear free-running, Figure b: bearing blocked, gear
and shaft rigidly connected

lubrication effect in the bearing, and may
also damage other mechanical components. Moreover, particles tend to get trapped
in the sticky lubricant during assembly and
operation, which is another major disadvantage. At ultra-high rotation speeds, the
lubricant may be flung away from the
actual lubrication point by centrifugal
force and its internal friction may generate
additional resistance.¬ So doing without
lubricants altogether inside the bearing
entails a significant improvement in the
reliability and durability of any precision
mechanism.

Ceramics – the alternative
Chrome steel is currently the basis of many
ball bearings. However, owing to their
inner structure, bearing rings and balls
made of that material tend, in direct
contact, to produce micro-fusing, frictional
corrosion and fatigue due to breakouts at
grain boundaries. Lubricants are the only
remedy to this. On the other hand, steel is
easy to produce and process. Consequently, in so-called hybrid bearings one or more
of these steel components is replaced by a
ceramic component. Normally ceramic
balls replace the steel pendants. The races
and cage are still made of steel. Since the
play of a bearing – especially in the case of
micro-bearings – is key in determining its
functionality, the thermal expansion of the
different materials needs to be taken into
account in this context. As a result, silicon
nitride and aluminium oxide cannot be
used; zircon oxide (ZrO2) is the material of
choice. Its coefficient of thermal expansion
is around 11*10-6 K-1 – very similar to that
of steel. Its modulus of elasticity is also
similar to that of steel, meaning the shock
resistance of a bearing incorporating such
a material is the same as a full steel
bearing. These factors together permit
constant contact angle and internal play
values to be maintained within a broad
temperature range. Since the ceramic balls
can be fabricated highly precisely with an
ultra-fine surface structure, and neither
micro-fusing nor friction corrosion occurs,
the lubricant can be omitted altogether
in some applications. These benefits are
further boosted by unlimited bearing
support times and long-term operation –
and there is no need for troublesome,
time-consuming maintenance activities
such as relubricating or cleaning either.

High performance and precision
The Swiss developers began using ceramic
balls in the bearings of dentists‘ drills. As
a result, the drive turbines and milling cutters can quite easily reach speeds of over
350,000 rpm. The new hybrid bearings
enabled service lives to be significantly
increased. At almost the same time, a
program was launched to improve the
tribological conditions in precision watch
workings as the forerunner of a new generation of ultra-miniature bearings for precision engineering. In this context, too, it
was logical to think of using hybrid
bearings. In watch bearings, as in many
bearings in other applications too, the
rotation speeds and load-bearing capacities are much lower than in the case of
drills. It was therefore possible to do
without lubricants.
The criteria of lower speed, no lubricants
and very long service life demanded a
fundamentally new development. The
fabrication of precisely circular balls, in just
200 µm diameter, was in itself a challenge
to the engineers. Alongside the development process itself, numerous practical
tests were run by users in order to optimize
the end-product. What finally emerged
was a patent based on an entirely new
bearing solution. The new product needs
no lubricant, can withstand shock impact
of up to 5000 g, has a 19 % higher efficiency and – as proven in testing – maintains
it over more than 100,000 hours. The
running noise is also reduced. The bearings
can be kept in storage for an unlimited
time, and the toxic beryllium in the bronze
of which the bearing cage would otherwise be made can be eliminated from the
production process. Consequently, the
bearing branded „x-myrox“ was straight
away the tailor-made response to longstanding demands from the watchmaking
industry.

function with a return block. This selflocking ball bearing allows rotation in only
one direction. Under the brand name ‚One
Way‘, this clutch ball bearing eliminates a
number of very troublesome disadvantages of previous systems with the same
function: the release moment is now very
low and reproducible; the intrinsic torque
in freewheeling direction is reduced; and
so the bearing uses up very little energy.
Rapidly sequenced changes of direction
are handled easily; there are no mal
functions on locking. This enhances the
reliability of the overall mechanism.
Other advantages of ceramic balls are
utilized in relation to precision gyro
bearings and linear guides. These lowmaintenance bearings are likewise very
much in demand and, despite being larger,
are subject to the same restrictions of
conventional design as simple miniature
bearings. For a play-free, pre-tensioned
30 mm duplex ball bearing with zircon
balls, a simple molybdenum disulphide
coating is sufficient as solid lubrication in
place of oil. At working speeds of around
5,000 rpm, the new bearing reduces the
energy consumption (friction losses) by
30 %. Thanks to the dry lubrication, spares
can be held in stock for an unlimited
period of time. Linear ball guides, rotating
gaskets and ball screws for optical
instruments likewise profit from the
lubricant-free friction pairing of steel
and zircon oxide. In this, too, MPS offers
well-conceived solutions for many difficult
applications.

www.

mpsag.com

Additional possibilities
The development process did not stop
with the ‚simple‘ bearing however. The
particularly good properties of the
lubricant-free pairing of zircon oxide and
bearing steel also permits other components to be improved. It even enables
various functions to be combined in a
single component, with enhanced functionality. As one example, the bearing
specialists combined the actual bearing
issue 1 | 2009
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International
Sales Conference

2009

Hard-hitting research
Y O U N G J O U R N A L I S T S AT FA U L H A B E R I N S C H Ö N A I C H

FAULHABER is not only keen to promote research, but also to encourage young

52 participants from 22 nations took up

people in preparing for their future careers. That is one of the reasons why the

the invitation to attend this year‘s

FAULHABER facility in Schönaich was only too pleased to help out the students from

International Sales Conference, ISC ’09.

class 10b of the Schönbuch-Gymnasium (secondary school) in Holzgerlingen with
their „ZiSch“ school newspaper project.

Schoolchildren as newspaper reporters
– that is the theme of the twice-yearly
„ZiSch“ project run by the SchönbuchGymnasium (secondary school) in Holzgerlingen. In collaboration with the local
newspaper, the Böblinger Kreiszeitung,
children from the school choose a company to visit for a week, carrying out
research, conducting interviews and
gathering facts and figures in order to
gain a realistic insight into the everyday
work of a journalist.
This time around they chose FAULHABER
as the host for their project. First-hand
tours of the high-tech plant and inter12

views with staff regarding their day-today work and the production processes
in which they are involved provided the
ten pupil-journalists with plenty of
material for their detailed report and lots
of pictures illustrating the development
and manufacturer – and most especially
the applications – of innovative drive
technologies from FAULHABER.
After evaluation of all the text and
picture material obtained, the results of
this exciting week‘s visit were published
as a special supplement in the Böblinger
Kreiszeitung.

At the two-day event, FAULHABER
provided its representatives from all over
the world with all the latest news about
the FAULHABER GROUP and presented
the latest product highlights and innovative application solutions featuring
FAULHABER drive technology.
Close contacts with representatives
and lively interchange of information
are key elements of the FAULHABER
sales and marketing strategy. Highlights
of the event included interesting talks
and presentations as well as an exhibition and a tour of the over 22,000 square
meter corporate complex.

News

High torque
in compact format

Robust
power

Ultra-miniature DC motor series 2237 ... CXR

Planetary gearhead
Series 32A

With the ultra-miniature DC motor series 2237 ... CXR,
FAULHABER has added a new generation of graphitecommutated motors to its drive range. The CXR series
was developed on the basis of the tried and proven CR
series concept. Its outstanding features are long life and
extreme robustness. In its compact format – 37 mm long
and 22 mm in diameter – the drive is able to utilize its
full dynamic range with a continuous torque of 11 mNm
in many different applications.
Easy speed control and positioning is provided by the
Speed Controller SC 2804 or the Motion Controller
MCDC 3006 from FAULHABER. A coordinated range of
accessories incorporating matching-diameter gearing
and three-channel encoders rounds off the package on
offer along with the newly developed drive series.
Long life, excellent power density and an attractive
price make the new 2237 ... CXR drive series an interesting option for all industrial sectors.

The new planetary gearheads of
the 32A series come in one to
four stage variants and are
available in 14 finely graduated
reduction ratios from 4:1 to
2076:1.
Combinable with ultra-miniature
DC motors from 26 to 32 mm in
size, the gearheads develop a
torque of 4.5 Nm in continuous
operation and up to 6 Nm in
short-time operation. For various
reduction ratios, the standard
full metal ball bearing supported
precision gearheads are also
optionally available as a Low Noise variant.
On the output side, the gearheads feature standardized
mounting holes for optimum
fixing in application.

Modular combination
Magnetic encoders series IE3-256 (L)
The new incremental encoders of the IE3-256 (L) series, featuring robust housings
and a compact 22 x 18 mm format, are designed specially for combination with
motors from the CR and CXR series and controllers of the SC 2804 or MCDC 30xx
series.
The encoders are available as standard in four factory-preset resolutions of 32,
64, 128 or 256 pulses. An additional index channel provides for optimum
actuation especially for demanding positioning tasks. The product is optionally
available in a Linedriver version with differential output

www.

faulhaber.com/news
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UNIVERSITY PROJECT AWARD

„Stallardo’08“ Formula
Student racing car

THE 2009
AWA R D W I N N E R
Hochschule Esslingen‘s (University of

Teamwork and creativity needed

Applied Sciences) „Stallardo’08“ racing car

The racer was designed and built by the
students of the Hochschule Esslingen technical college as part of the „Formula
Student“ international design competition. The task set by the Formula Student
organizers sounds basically very simple:
Design and build a single-seater Formula
racing car for a fictional hobby racer
market to go up against designs and

accelerates from 0 to 100 kilometres per
hour in less than 4 seconds. An aerodynamic lightweight body design made of
carbon fiber, aluminium and titanium allied
to some innovative engineering has
created perfection in driving dynamics.
14

vehicles produced by other colleges in
international competition. But there is
one catch: The winner is not simply the
fastest racing car, but the team with the
best overall package. The range of criteria
judged includes driving dynamics and
racing capability, but also aspects such as
noise levels, design and cost planning.
Consequently, the stringent rules demand
not only technical know-how and skill

IMPRINT

Published / Edited by:

from the students, but most especially
teamwork and creativity.The Esslingen
team, established in 2006, began racing
for the first time in 2007 and far surpassed
the expectations of the designers. In the
2008 season the team comprised six project managers and 60 students from the
faculties of Automotive Engineering,
Technical Business Studies and Industrial
Engineering. Many details on the vehicle
were modified, and innovations added.
For example, the automated gearshift

system features an entirely autonomous
Launch Control feature. All the driver has to
do is push a button to activate the system
and then put his foot to the floor. The system
engages the clutch at the optimum point,
adjusts it to maximum possible longitudinal
acceleration and shifts up to the next gear at
the optimum point. As an alternative to automatic mode, the driver can also shift gear by
operating the paddle on the steering
wheel.

FAULHABER

Absolutely reliable

Croglio · Switzerland

Gearshifting on the Stallardo’08, as on its
predecessor model, is handled by a FAULHABER
3557 CR series ultra-miniature motor with
30/1 gearing (reduction ratio 159:1). The
tried and proven copper/graphite commutation of this drive series provides a high torque
permitting the mechanical shifting forces to
be overcome and the gears to be engaged
within up to 300 ms. The engine/transmission
unit is controlled by a FAULHABER Motion
Controller of the MCDC 3006S series. The
entire drive system is seated directly on the
engine. Alongside its outstanding power
density, the absolute reliability of the robust
drive in dealing with the tough – and
sometimes extreme – ambient conditions was
a key factor in choosing it for this highly
demanding challenge to FAULHABER drive
technology.

Tel.: +41 (0)91 611 31 00

With the Stallardo’08 the Esslingen team
last year enjoyed a second season of success
at the international race events, and this year
has already forced its way into the top group
with the Stallardo’09.

FAULHABER info is supplied

www.

If you are not yet a subscriber

rennstall-esslingen.de

Dr. Fritz Faulhaber
GmbH & Co. KG
Schönaich · Germany
Tel.: +49 (0)70 31/638-0
Fax: +49 (0)70 31/638-100
Email: info@faulhaber.de
www.faulhaber.com
Minimotor SA

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
www.regelmann.de

free of charge to customers,
business associates, staff and
friends of companies within
FAULHABER.

and would like to receive a
copy of this newsletter, please
contact us and we will include
you on our mailing list.

The FAULHABER University Project Award
Every year, a fascinatingly innovative drive solution devised by up-and-coming young
engineers is recognized by the FAULHABER University Project Award. Students will
shortly be able to submit their projects for consideration for the 2010 award.

A quick e-mail to one of the
addresses listed above is all it
takes.

Any students interested can pre-register right now at www.faulhaber-group.com/uniprojekt-awardso as to be automatically notified when the Award procedure begins.
.www.
faulhaber.com/uni-projekt-award
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D oc u m e ntation

www.faulhaber.com
Company

First name, Last name

Dept./Function

Street, No

Zipcode, City

Feel free to browse through – and
discover the many possibilities offered
by FAULHABER.
The newly designed FAULHABER
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 technology
portfolio.

Phone

Fax

E-mail
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