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Aerospace & Aviation

Brushless DC-Servomotors control
rocket fuel valves

Extremely
tough

Amid tightening budgets, space agencies are increasingly
looking to the commercial space sector to provide the launch
vehicles of the future. Some companies now offer highly
reliable and economically viable launch vehicles which can
send a large variety of payloads into Earth orbit.

The fuel-trim valve is located directly above
the engine where the pipes of RP-1 fuel and
liquid oxygen converge, to ensure a consistent
drainage of both tanks.
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One way to control cost is by optimizing
fuel burned during launch to minimize
waste. A specially developed fuel-trim
valve guarantees optimum performance
in this situation. It is driven by robust and
reliable servomotors made by FAULHABER.
Modern launch vehicles use the rocket
fuel RP-1, a highly refined type of kerosene, which must be mixed with oxygen
for combustion. On the launch vehicle,
4-in pipes run from tanks of RP-1 and
liquid oxygen (LOX) to combine prior to
entering the combustion chamber.
The combustion chemistry of RP-1 is
forgiving. The fuel won’t burn without
oxygen, but as long as oxygen is pre s ent, the two do not necessarily need to
 be combined in a precise ratio. The prob
lem is, however, that if the ratio of LOX
to RP-1 varies from the optimum mix,
either the oxygen will run out before
the fuel or the fuel before the oxygen.
However, as soon as the combustion
ends, the remainder becomes unwanted
ballast. To ensure this doesn’t happen,
the fuel-trim valve adjusts the mixture in
real time.
The fuel-trim device consists of a servomotor-controlled butterfly valve. To
achieve the proper speed and torque,
the design incorporates a planetary
gearbox for a roughly 151:1 reduction
ratio, plus additional gearing internal
to the unit. The team qualified the
components with a significant safety
margin to protect against common-mode
failure. The shaft of the motor inter
faces with the valve directly to make
fine adjustments.
Extreme operating conditions. Accuracy
aside, the characteristics most applications require from servomotors tend to
be high torque, high speed or small in
size. In the case of the fuel-trim valve,
the chief motor requirement was simple: They had to survive launch. Extreme
shocks and vibrations occur in particu
lar during the first stage. During the
approx. 3 minutes of combustion of
a rocket stage, the engine produces
a thrust of about 440,000 kN, causing
immense forces to act on the fuel-trim
valve in the direct vicinity.
When the engineering team set out to
qualify components for the fuel-trim

valve, vibration testing caused motor
after motor to fail. To minimize points
of failure, they switched from brushed
to brushless motors. The most important criterion in this context was: Can
the motor survive these operating conditions? That meant that the gearbox
had to be able to withstand the load,
the Hall effect sensors had to remain
undamaged, in short – no failure could
be allowed to happen in this extreme
operating environment. Searching for
a manufacturer whose motors survive
these ordeals, the engineers came across
FAULHABER.
Rocket engines do not only produce
vibrations, of course, but also heat. How
ever, the heat management – contrary to
what one might expect – doesn't pose
any particular challenges in this application. Much of the heat is radiated
and is reflected away. Interestingly, the
t hermal issue he does mention is low,
not high temperatures. For exam uring the operation of the second
ple, d
stage, the engines may fire only briefly.
The vehicle can then coast for as long as
45 minutes before a second burn phase
takes place. By this point, the rocket is
outside of the atmosphere, where temperatures can be quite low.

The first rocket stage includes five engines,
each of which is equipped with a fuel-trim valve
operated by a servomotor that ensures uniform
fuel combustion.

To control cost and production timelines,
the philosophy is to try to work with
stock components whenever possible.
No extra effort on FAULHABER's part was
required to increase robustness for the
application - the developer team simply
ordered standard products.
The engineers also used FAULHABER's
express prototyping program and thus
were able to obtain the required samples
in very short time frames.

Further information
Faulhaber, Germany
www.faulhaber.com
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Robotics

The Recon Scout IR can be thrown into a scene and operate
untethered, sending back images and navigating on command
for one hour or more per charge.

Size is
crucial
Miniature unmanned ground vehicles reliably
perform reconnaissance in the harshest environments, with the help of compact, high-torque
servomotors

It's unlikely that even the most sophis
ticated robot can do a more effective
job than a person if the task is to rescue
disaster victims from a pile of rubble. A
UGV (unmanned ground vehicle) such as
the Recon Scout IR by ReconRobotics Inc.
(Edina, Minnesota, U.S.) however can, in
contrast to a human, explore a collapsed
building without danger and send realtime pictures from there, which can be an
important decision making tool for emergency workers when it comes to tactical
responses. The Scout, looking to everyone like a small dumbbell, can climb up
rough terrain or navigate along a specified path as instructed while transmitting
a continuous flow of pictures, and all this
while operating without a cable connection. Using sophisticated design, robust
materials, and compact, high-torque
servomotors from FAULHABER to build
the device, ReconRobotics has positioned
itself as a major player in the search and
rescue robot market.
Tiny But Mighty. The UGV may be small
but designing it was a tall order. The
engineering team faced conflicting performance demands at every turn: The unit
had to be powerful but small, high torque
but with long lifetime on a single charge.
This required compromises, optimisation
of components and setting of priorities
for the specifications. Nevertheless, the
robot resulting from this process masters
almost all of its tasks well.
The primary requirement was sufficient
motive power – a search and rescue UGV
isn’t much good if it can’t reach the target area. Travelling over rubble or uneven ground requires an appreciable
amount of torque. Normally, an engineer
would just choose a motor large enough
to provide the power required, but the
Scout’s compact form factor presented
limitations. The second obvious approach,
adding a high-reduction-ratio gearhead
to convert motor speed to torque wasn’t
an option – not only would it increase the
drive's size beyond the available space,
but it would only increase torque at the
expense of reducing speed, which is unacceptable in a search and rescue robot.
This project required motors with a
high power density and the diameter
of a cigarette. The solution came from
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FAULHABER's sister company MICROMO in the U.S. with 8 and 10 mm direct
c urrent motors. “FAULHABER had the
best available solution in the size range
we were looking for”, says Patrick McKinney, chief operating officer of Recon
Robotics. The motors were more typically used for medical applications, which
brought the added benefit of a depend
able solution. “They have to operate in
an environment where lives depend on
their function”, he adds. “We've had
these motors running continuously in
tests for well over 168 hours at a 50%
load. They’re very impressive.” An additional planetary gearbox provides a
64:1reduction ratio to raise the torque
even further with a modest size increase.
The UGV cross beam contains an infraredsensitive camera, IR illumination, as well
as the motors and drive units, a controller, and the transceiver for the radio
transmission of all data. The two wheels
of the Recon Scout are driven independently of each other. For this purpose, a
control system with a closed loop regulator circuit provides the control signals
that have been processed accordingly. A
gyroscope provides the z-axis feedback
(yaw axis) and ensures that the wheels
are driven evenly and the Scout can move
along a straight line. To allow the UGV to
be steered on the desired path, an accelerometer monitors x- and z-axis motion.
A weighted stabilisation tail keeps the
rotating position of the cross beam stable such that the camera lens remains cor
rectly aligned for image acquisition.

the unit to survive an impact on concrete
from 30 vertical feet. They began with a
chassis of aircraft-grade aluminium, which
also helps dissipate heat. A titanium hous
ing on the crossbar protects the contents.
The wheels are made of proprietary polyethylene and also function as impact
absorbers.
When the device lands after a throw,
the wheels hit the ground with enough
force to potentially strip the gears. To
protect against this posibility, the team
designed a patented mechanicalclutch
that disengages the gears on impact
and reengages after the Scout has land
ed. With imager, illuminator, and wheels
running constantly, the Scout has a per-
charge runtime of one hour, thanks to the
high-efficiency operation of F AULHABER
motors.

The walkie-talkie style operator control unit
for the Scout features a single joy stick and
can be operated one-handed.

The original version of the Scout was a
surveillance robot designed for military
applications and for special assignments
in a relatively clean urban environment.
When the ReconRobotics group set out
to develop the search and rescue version,
they faced a new requirement of opera
tion amid rubble, dirt, and heat. The
customer specified that the 4-in-tall Scout
be able to lift itself over 2-in-high objects
unaided. Meeting that spec was a challenge for such a small machine, especially
since the other requirements remained
as strict as ever. The problem was solved
by using a more powerful motor with
10 mm diameter, a slight widening of the
wheels, and the fitting of terrifying inchlong spikes to improve the traction.

Tough Stuff. Forget about driving to the
region of interest; the Recon Scout IR is
designed to be cast or dropped directly
into the surveillance location. As a result,
the ReconRobotics team had to design
The ruggedized search and rescue version of the Scout features
spiked wheels for climbing over obstacles.

Further information
MICROMO, USA
www.micromo.com
ReconRobotics, Edina, USA
www.reconrobotics.com
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Instrumentation

Micro drives with the "strength of a giant"

Mechanical stress test
for component solder
joints and bonding wires

Flexibly usable Condor
Sigma test device with exchangeable test heads.

From consumer electronics to systems control, automotive technology to aviation and aerospace –
today, electronics are absolutely essential in many sectors. They increasingly replace mechanical
components, eliminating wear and tear and thereby extending the service life. What is easily forgotten in this regard is that electronics are also subject to the laws of mechanics. Mechanical test
equipment is crucial to test components for the secure hold of welded, soldered or adhesive bonds.
A new, mechanically intricate test probe with universal clamping jaws, that can even grasp the
individual bonding wires, is in line with the trend toward ever smaller components. Serving as an
actuator for these is a micro drive that can be precisely controlled using a miniaturised motion
controller to relieve the control unit in the test device.
6
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For electronics components, mechanical
durability is no end in itself. Thermal
stress, ageing or magnetic influences can
also impair the fastening points of components on circuit boards. Even if the
welded, soldered or adhesively-bonded
points withstand the stress, the circuit
path can still separate from the support
ing board. To even attempt a quality
assurance for such stresses, mechanical
stress tests are essential. Special testing
machines made by XYZTEC in the Netherlands, such as the Condor Sigma Series,
provide certainty as to whether the
construction or the soldering process
meets the specifications. One problem
with this is the large spectrum of component shapes and sizes and, as a con
sequence of this, also the broad range
of forces that must be exactly measured.
Especially with regard to the measurement of "tensile stress", this requires
effective adaptation of the test equipment to utilise modern electronics.
The Dutch specialists therefore decided to
design the test probe for tensile tests as
universally applicable as possible. Thus, in
the Tweezer model, electrically powered,
interchangeable grippers are used in the
probe. These can grip a diverse range of
components and even bonding wires. The
principle of the test probe demanded a
very small drive, and XYZTEC put its trust
into FAULHABER as a partner for it.
Mechanically intricate implementation.
Securely gripping the smallest compo
nents for mounting is comparatively simple; often, a vacuum-gripper is entirely
sufficient. With a stress test it is a completely different situation. In the case of

Robust precision engineering for precise
measurements in minimal space. The compact
micro drive system makes an essential contribution towards success.

The smallest components
are gripped precisely and
stressed mechanically.

the electrical, interchangeable head, the
tensile "testing force" amounts to some
0 to 80 N, with a maximum of 100 N. This
requires gripping forces of up to 80 N at
the tips of the grippers. The drive must be
able to quickly – the closing time of the
jaws is only about 1 second – and reproducibly deliver this force in the test probe
in order to achieve an acceptable operat
ing rate during automatic tests.
The engineers solved this problem by
combining several components. A threephase, 5 mm diameter micro motor with
compact planetary gearhead and spindle
shaft output serves as the heart of the
drive. A special four-quadrant encoder is
mounted on this spindle so that positioning in the micro-range is possible. The
drive is controlled by means of a speciallytuned motion controller that is also very
compact. It also takes care of regulating
the retention force by varying the current
flow through the motor. Additional force
sensors (strain gauges) on the grippers
verify the result to ensure that consistent,
exact clamping values are always adhered
to. The offset transmission with spindle
shaft reduces the rotational speed and
increases the torque.
Powerful drive system with the smallest
installed size. The test probe for the tensile test is 360° pivot-mounted in the basic
unit. The rotary movement is achieved
by means of a gear wheel on the probe
and external drive. All other functionally
necessary components must be located in
the Tweezer itself.

These include the sophisticated mechanical workings for the reliable linear guid
ance, which – considering the forces of up
to 100 N – may not be built too delicately. After all, a deformation of the guide in
the probe would impair the precision of
the measurement. Quite a few additional
components are also included to achieve
the widest possible measuring scope: In
addition to the guidance, the probe contains the easily exchangeable grippers,
the drive motor with the spindle gear
fitted, the motion controller for the drive,
the position encoder for measuring the
gripper opening, force sensors, integrated
CPU with firmware and a USB interface,
and for manual measurements also a controllable LED illumination.
In all areas, including testing technology,
the continuous trend towards miniaturisation is a challenge for the components
to be used. FAULHABER has the largest
range of micro drive technologies for this
purpose.

Further information
MINIMOTOR Benelux
www.faulhaber.nl
XYZTEC Netherlands
www.xyztec.com
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Medical & Laboratory Equipment

Micro stepper motors keep surgical vision systems small

Sharp view
into the retina
The automated lens positioning unit allows surgeons the effortless
viewing of retina and cornea without neck contortions.
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Because of size constraints, it wasn't feasible to use a servo motor and encoder.
Instead, Volk chose a 15 mm stepper
motor in combination with a controller
board. Stepper motors tend to be highly deterministic – command a step, get
a step. The microcontroller determines
the direction and the number of pulses
applied to translate the condensing lens
in and out of the optical path.

The Merlin surgical
viewing system consists
of the condensing lens
assembly and the lens
positioning unit.

Retinal procedures can range from removing a portion of the vitreous humor
that fills the eyeball to repairing detached
retinas. During the operation, surgeons
must be able to switch between retina
view and cornea view without delay. This
process is supported by special eye surgical viewing systems such as the MERLIN
made by Volk Optical, Inc. in the U.S.
Such systems can add as much as an inch
to the total height of the microscope
system, though. That can cause neck
and back strain for surgeons, who can
spend six to eight hours a day operating.
When Volk Optical set out to design the
second-generation, automated version of
its MERLIN system, its goal was to deliver
the performance surgeons demand in the
smallest possible form factor.
The ideal surgical viewing system would
provide a high quality image of the retina while taking up a minimal amount of
space below the microscope and requir
ing little or no additional effort from the
surgeon to use it.

retina. The condensing lens shortens the
focal length of the microscope objective
lens by about 1 in, which allows the sur
geon to move the LPU in and out of the
optical path without having to move the
scope up or down. In combination,the
two components allow the surgeon to
quickly change between corneal views
(without the LPU in place) and retinal
views (with the LPU in place) without
making any adjustments to the micro
scope.

The electromechanical design process
wasn't entirely straightforward. Translat
ing the lens required more torque than
the micro stepper motor could supply.
Instead, the team added a gearhead to
convert speed into sufficient torque to
move the lens.
The viewing system needed to perform,
first and foremost, but it also had to be
reliable. They’re expected to last for years,
so the whole design had to be a robust.
The gearhead connects to a pulley and a
belt drive actually moves the lens carriage.
An optical sensor built into the bottom of
the CLA detects the position of the LPU
and the controller sends the command to
the stepper motor.

Conventional viewing systems are either
completely manual or require the surgeon
to use a foot switch to move the condens
ing lens into position. With the help of
a controller and a Precistep micro stepper motor from FAULHABER, the MERLIN
performs this task automatically as soon
as the surgeon begins to swing the LPU
into position.

One of the key focuses of the design team
was to keep the depth occupied by the
MERLIN as small as possible. “Doctors
are very sensitive to the height of the
Typically, they're accessories to the stand microscope above the patient”, says Bill
ard surgical microscope. The MERLIN, for Hudgins, manager of product engineer
example, is positioned between the lower ing at Volk. “They don’t want us chang
end of the microscope and the patient's ing that too much. To fit into the exist
eye. It consists of two parts, the lens posi- ing enclosure, we really needed a small
tioning unit (LPU), holding the surgical motor that we could put a gearhead on
lens, and the condensing lens assembly to get the speed and torque that we
(CLA) with a condensing lens. The sur- needed. In this area, the drive experts of
gical lens modifies the optical system of FAULHABER's sister company MICROMO
the microscope such that it shows the in the U.S. helped us a great deal."

Further information
MICROMO, USA
www.micromo.com
Volk Optical, Inc., Mentor, USA
www.volk.com
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Technology

Brushless DC-Servomotor
with integrated Motion Controller
1

Connecting cable

2

End cover

3

Thermal coupling pad

4

PCB with flexboard

5

Flange, electronics side

6

Flange, motor side

7

Housing
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Brushless DC-Servomotor

New drives with integrated functions

The universe
in a nutshell
For years, electric drive technology has known motors that literally fit into 
the proverbial nutshell. Now it's about integrating drive electronics or sensors
into the very limited construction space.
Small, mini and micro drives - motors
with just a few millimetres in diameter
that manage to overcome more than
just their own friction torque have long
become standard items. With respect
to the basic motor technologies, little
happens at the boundaries these days.
The only effort made here is to increase
the performance and torques of these
drives further by optimising the materials
used, such as the magnet. When looking
at integrating additional functionality,
however, the trend towards miniaturisation continues unabated. Feedback
sensor technology for determining the
rotor position or speed and motion controllers are fundamental components
that turn a mere motor into a complete
drive system. With a continuously re

10
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duced construction space, the challenge
of the miniaturisation today is thus to
integrate these components more often
directly into the motor. Such an integration, which has been state of the art for
larger drives for some years, now also
takes place in the boundary areas of mini
and micro drives.
Form follows function. Back in the
1990's, FAULHABER already attracted
attention in the market with an integrat
ed magnetic encoder, which increased
the overall length of the motor by just
1.4 mm. For the first time ever, this permitted the design of a positioning system
with almost the same space requirement
for the drive, such that the entire space
could essentially be used for a motor that
was as powerful as possible.

1
2

Imprint

3
5

Publisher / editorial:
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FAULHABER
7

Brushless
DC-Servomotor
with integrated
Absolute Encoders

Dr. Fritz Faulhaber
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GmbH & Co. KG
Schönaich · Germany
Tel.: +49 (0)70 31/638-0

1

Cover with encoder PCB

2

Sensor magnet

3

Encoder flange

4

Flex cable

5

Ball bearing

6

Magnet

7

Shaft

8

Coil

9

Ball bearing

Fax: +41 (0)91 611 31 10

10

Housing with stator laminations

E-Mail: info@minimotor.ch
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Fax: +49 (0)70 31/638-100
E-Mail: info@faulhaber.de
www.faulhaber.com
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Faulhaber Minimotor SA
Croglio · Switzerland
9

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

www.minimotor.ch
MicroMo
Clearwater / Florida · USA
Phone: +1 (727) 572 0131

Over time, the diameters of such drives
decreased while the number of pulses
from these encoders continuously in
creased. In control electronics, integration into the drive also began. At first,
speed controller which had hitherto
been connected as an electronic unit via
cable to the motor were reduced in size
through a smaller circuit board layout
and directly coupled to the motor in an
attachment housing. This removed the
cabling effort, and a brushless DC servomotor with integrated speed controller
could be operated and controlled like
a standard DC motor via direct voltage
applied to two contacts. With the socalled sine motor FAULHABER presented
for the first time a compact, highly dynamic and low-maintenance DC servomotor with integrated positioning controller, high-resolution encoder, speed and
current control, which has proven itself
excellently in numerous applications in
factory automation, robotics, video and
camera technology and instrumentation.
Highest performance in the smallest
size. By integrating a magnetic encoder
as a 3 channel encoder with 1024 pulses
or as an absolute encoder with 4096 steps
into a brushless DC servomotor with an
8 mm diameter, FAULHABER uniquely
underlines its successful tradition in the

area of micro drive technology. Thisintegrat e d encoder with its high res olution is currently the smallest system in
the world. In cooperation withasemiconductor manufacturer, FAULHABER
has developed a special chip which combines the intelligence and the sensor in
a single unit. With a special folding technique, the electronic unit is folded onto
the motor along its flexboard.
The extension of the bus connections by
a full CANopen interface in FAULHABER's
range of control electronics provides
even more functionality in minimal
space. This new communication op-
tion, which is of particular interest in the
synchronous operation of several axes,
runs as part of the construction kit together with all other drive electronics
and drives by FAULHABER. The full CAN
open interface is offered matched to the
particular drive power, as a 'stand-alone'
version, and in the world's smallest integrated CANopen motion controller, dia
meter compliant at a motor diameter of
22 mm.

Fax:

+1 (727) 572 7763

E-Mail: info@micromo.com
www.micromo.com

Layout:
Regelmann Kommunikation
Pforzheim · Germany
www.regelmann.de
FAULHABER info is sent to
customers, interested parties,
employees and friends of
FAULHABER free of charge.
If you have not yet received
your personal copy of the
magazine and are interested
in receiving future issues,
please register your name
on our distribution list by
sending a brief e-mail to one
of the addresses above.
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New Products

Highest performance
in the smallest size

Brushless DC-Servomotors
Series 0824 … B and 1028 …
The two new extremely compact drive series
combine power, robustness and high-re
solution positioning in a unique way. Their
innovative future-oriented drive concept
underlines FAULHABER's successful tradition in micro drive technology in the range
of 6 to 12 mm motor diameter in the family
of brushless "mini" DC servomotors of the
FAULHABER product program.

High torques of up to 1.1 and 2.1 mNm at a flat slope of the 
n/M motor characteristic curve and very small volume
Available with a high-resolution integrated encoder without
additional cost
Your choice of encoder design, either as incremental 3 channel
encoder with a resolution of up to 1024 pulses per revolution or 
as a 12 bit (4096 steps) absolute encoder
To be combined as complete system solution with matching 
speed and motion controllers and a wide range of highly precise
planetary and spur gearheads

Incremental Encoder

12

Faulhaber info 1 | 2013

Absolute Encoder

Integrated
communication

Flexible 
software

for flexible automation

for speed and motion controllers

The family of Motion Controllers
with full CANopen interface

FAULHABER Motion Manager 5

With the new interface, FAULHABER offers its complete Motion Control product range with the preferred field bus for multi-axis applications in automation technology. In addition to the standalone version,
complete systems are also available. With a diameter
of just 22 mm, FAULHABER presents the world's smallest integrated CANopen motion controller. Ideal for
networked applications in factory automation and
industrial machinery.

The powerful 'FAULHABER Motion Manager' software
is available for the commissioning and configuration of
drive systems with motion and speed controllers.
The new Version 5 with an updated user interface supports RS232, USB and CANopen interfaces and facilitates
the configuration with numerous assistants.

Full CANopen functionality acc. to CiA 402 for
operation on higher level controllers such as PLCs

Connection assistant

Highly efficient networking via dynamic PDO
mapping

Controller tuning assistant

Motor selection assistant

Multiple axes can be controlled synchronously
Easy configuration via the new FAULHABER
Motion Manager 5

MOTION
MANAGER

Faulhaber info 1 | 2013
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Internal

FAULHABER honoured as

„Best Innovator“

The jury includes:
Ernst Burgbacher, Parl. Secretary
of State in the German Ministry
for Economics and Technology
and Federal Government Commissioner for SMEs and Tourism
Hans-Jörg Bullinger, Senator of
the Fraunhofer Society
Roland Tichy, Editor in Chief of
WirtschaftsWoche
Dr. Kai Engel, Partner at management consultancy A.T. Kearney
and Head of the Innovation and
R&D Management Sphere of
Competence

14
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For the eighth time, management consultancy A.T. Kearney together with WirtschaftsWoche hosted the "Best Innovator"
competition, sponsored by the German
Ministry of Economics and Technology.
On February 7, 2013, Dr. Fritz Faulhaber
GmbH & Co. KG, among other prize winners, received the renowned honour for
which over 100 companies had applied.
The awards ceremony for the 2012/2013
competition was opened by Secretary of
State Dr. Bernhard Heitzer in the German
Ministry of Economics and Technology.
In his speech, Secretary of State Heitzer
emphasised the significance of innovation and explained that the prize winners
are trailblazers in this area.
"When it comes to innovation, the winners of this competition are one step
ahead of other companies. They show
that Germany can still achieve world
class performance where innovation is
needed", says Dr. Kai Engel, Partner at
management consultancy A.T. Kearney
and initiator of the competition: "Innovation management as a core competence
has steadily increased in importance over
the past nine years. Not until the inter
operability of all functions has been ex
perienced in the framework of an effective innovation management system can
profitable growth result for a company

– our Best Innovator prize winners show
proof of this".
The Best Innovator competition awards
successful and sustainable innovat ion
management. In doing so, the prize
winners are chosen in a transparent p
 rocess. First and foremost, quantitative key
performance indicators and qualitative
capability characteristics, gathered using
a survey, are taken into account. Then
an expert jury evaluates the surveys and
determines the finalists. In the next step,
the finalists are visited on-site by members of the jury. Finally, the winners are
chosen in a final meeting of the jury.
The good balance between market pull
and technology push, a sophisticated
solution screening process and the timely initiation of technology development
with suppliers played in FAULHABER's
favour in the awarding of prizes. Thanks
to innovation management which was
honoured here with the "Best Innovator" prize, the basic technologies and pro
ducts from FAULHABER are continuously being developed further and coordinated so that they can be combined with
each other, all with a view to future re
quirements.

Vibrations and Sounds of Electric Microdrives

Reference Book - English edition
There are specifications for large electric
machines and drives that dictate how
the noises and vibrations they produce
should be measured and assessed. On
its own, a microdrive is considered to
be ultra-silent due to its small dimensions, while its vibrations are generally
not seen as troublesome. Such drives are
therefore generally first noticed within
the context of the device to which they
are attached or installed in and often
only then subjectively assessed. Many
engineers and technicians regularly have
to deal with acoustical issues stemming
from the electrical microdrives installed
 roducts they have developed.
in the p
The FAULHABER reference book "Vibrations and Sounds of Electric Microdrives",
now available in English, should provide
assistance in efficiently and effectively
approaching vibration- and acousticsrelated issues. Furthermore, it should
provide a common basis for discussing
sound-related issues and act as a foundation for constructive communication
between customers and suppliers. The
book is based on practical industrial experience and is therefore better classified
as a practical handbook than an instructional textbook.

The book is available from:
Süddeutscher Verlag onpact GmbH
ISBN 978-3-86236-035-2
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Trade Fairs

Trade Fairs & Events 2013
HMI - Hannover Messe

08.04. – 12.04.2013

Hanover

Fenasucro

27.08. – 30.08.2013

Sertãozinho

BIOMEDevice East

10.04. – 11.04.2013

Boston, MA

hi [13]

03.09. – 06.09.2013

Herning

China International
Medical Equipment Fair

17.04. – 20.04.2013

Shenzen

Fitabes

15.09. – 18.09.2013

Goiânia

Festival Robotique 2013

20.04. – 20.04.2013

Lausanne

Analítica Latin America

24.09. – 26.09.2013

São Paulo

KEPES 2013

23.04. – 25.04.2013

Goyang City

ALIHANKINTA

24.09. – 26.09.2013

Tampere

MEDTEC

01.05. – 02.05.2013

London

ITMF 2013

24.09. – 27.09.2013

Moscow

IDEF International
Defence Industry Fair

07.05. – 10.05.2013

Istanbul

Teknologia'13

01.10. – 03.10.2013

Helsinki

LASER World of
PHOTONICS

13.05. – 16.05.2013

Munich

Engineering Design
Show

02.10. – 03.10.2013

Coventry

IMDEX ASIA 2013

14.05. – 16.05.2013

Singapore

Motek

07.10. – 10.10.2013

Stuttgart

FCE Pharama

14.05. – 16.05.2013

São Paulo

OTD Offshore
Technology Days 2013

23.10. – 24.10.2013

Stavanger

sps ipc drives ITALIA

21.05. – 23.05.2013

Parma

RoboBusiness

23.10. – 25.10.2013

Santa Clara, CA

EPMT

11.06. – 14.06.2013

Genf

FMB Zuliefermesse
Maschinenbau

06.11. – 08.11.2013

Bad Salzuflen

Consulfarma

04.07. – 06.07.2013

São Paulo

Robotics Alley

12.11. – 13.11.2013

St Paul, MN

Semicon West

09.07. – 11.07.2013

San Francisco, CA

productronica

12.11. – 15.11.2013

Munich

XIII – Encontro Estadual
Saneamento

19.07. – 20.07.2013

São Paulo

Elmia Subcontractor

12.11. – 15.11.2013

Jönköping

Fenasan

30.07. – 01.08.2013

São Paulo

METALEX 2013

20.11. – 23.11.2013

Bangkok

AUVSI

12.08. – 15.08.2013

Washington, DC

COMPAMED

20.11. – 22.11.2013

Dusseldorf

The 7th Shanghai
International Assembly

20.08. – 22.08.2013

Shanghai

sps ipc drives

26.11. – 28.11.2013

Nuremberg

MDM – Medical Design
Manufact

27.08. – 28.08.2013

São Paulo

Precisiebeurs

03.12. – 04.12.2013

Velhoven

Hagar the Horrible

