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The Diamond Standard.

Our mission is to reliably equip our

customers with the safest, highest quality
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CIeanpower_ Recap . 1840 Jarvis Avenue
CleanPower 2021 in Salt Lake City brought together Elk Grove Village, IL 60007
industry and thought leaders to unite and move clean Phone: (847) 437-6604

Fax: (847) 437-6618

energy forward in-person at the most anticipated clean
energy trade show in years. Here are some highlights
from the December event. Here’s a quick recap:

Publisher & Editor-in-Chief

www.powertransmission.com/videos/CleanPower- Randy Stott
2021-Recap/ stott@agma.org
Senior Editor
Matthew Jaster
jaster@agma.org

Art Director
David Ropinski
ropinski@agma.org

Advertising Sales Manager
& Associate Publisher
Dave Friedman
friedman@agma.org

Materials Coordinator
Dorothy Fiandaca
fiandaca@agma.org

Schaeffler Provides Space Drive )
Technology at the Indy Autonomous Circulation Wanager
Challenge tratar@agma.org
Schaeffler congratulates the Luann Harrold
TUM Autonomou; Motorsport harrold@agma.org
team from Technische
Un1ver§1tat Munchen - S'.chool President
of Engineering and Design for Matthew Croson
winning the Indy Autonomous croson@agma.org
Challenge Powered by Cisco!
The team recorded the fastest Michael Goldstein founded Gear
2-lap average speed of 135.944 Technology in 1984 and Power
on the Indianapolis Motor Transmission Engineering in 2007, and he

: served as Publisher and Editor-in-Chief
Speedway and went home with from 1984 through 2019. Michael contin-

the $1 million grand prize: ues working with both magazines in a con-

www.powertransmission.com/videos/Schaeffler-Provides- 5“'“”% r°_'eha”f' can bte 'ﬁac?ed via e-mail
Space-Drive-Technology-at-the-Indy-Autonomous-Challenge/ at michael@geartechnology.com.

/AN %

Event Spotlight:
MiM2022

MIM2022: International Conference
on Injection Molding of Metals,
Ceramics and Carbides is a global
conference and tabletop exhibition
highlighting advances in the metal
injection molding (MIM) industry,
with two days of technical sessions
focusing on the latest innovations in
metal injection molding. For more
information, visit:

www.powertransmission.com/news/11665/MIM-2022/

o
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Randy Stott
Publisher & Editor-in-Chief

What Are the <

Limits?

Power Transmission components are pretty
mundane, right? Gears and bearings can only be ar-
ranged so many ways, after all. You'd think by now that we'd
have discovered every possible way to make mechanical de-
vices as strong and efficient as possible.

But that’s not so. In fact, this issue we have a rare treat for
you. It’s a technical article that’s really more of a think-piece.
The article I'm talking about is “Machine Elements - Shaping
the Future through continuous Evolution,” which you can
find on page 30. The article is written by some of the world’s
top researchers working in the area of mechanical power
transmission components.

The authors propose that we still have plenty of gains to be
made with those components. In fact, they argue that there’s
something akin to Moore’s Law that can be applied in our
industry. Moore’s Law famously predicted the doubling of
semiconductor capacity every year since 1965—a prediction
that has largely held true.

And although there’s no evidence of anything approach-
ing anywhere near an annual doubling of capacity in any of
the capabilities of mechanical components, the authors have
demonstrated that there have been significant increases in
certain areas every year.

For example, the toque densities of wind turbine gear-
boxes have increased by about 5% per year since the 1990s.
Similarly, the authors have shown how frictional losses in ta-
pered roller bearings have decreased by about 4% per year
since 2011. And while those improvements are more in the
range of 4-5% per year, they're still improvements, built on
the previous year’s improvements.

A skeptic might argue that these researchers are sim-
ply promoting their work in order to secure the next round
of funding and projects. But the gains are real, and they're
being implemented in products you use every day.

Better designs produce better efficiencies. Better materials
provide better strength. Improved manufacturing technolo-
gies create tighter tolerances.

FEBRUARY 2022

6 Power Transmission Engineering

Perhaps most importantly, components are no longer
considered as just components. They're part of a system, and
the system is being investigated as a whole. Computer mod-
eling has advanced to the point where those systems can be
analyzed and optimized in ways that were never before pos-
sible. Sensors and electronics add new data that continues to
feed the progress.

So what does this mean for those of us who work in me-
chanical power transmission components? To me, it means
the future is bright. New products and technologies continue
to be introduced every day. Some of it comes from academic
research. Some of it comes from industrial R&D. But some
of it comes from good old-fashioned creative engineering—
something our readers have in abundance.

We'll keep bringing you information about the latest ad-
vances, no matter where they originate. You keep reading,
and creating, and advancing the capabilities of power trans-
mission components.

Just like with Moore’s Law and computer chips, there prob-
ably are physical limits to what'’s possible. But we haven'’t

reached them yet.
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SDP/S| offers the industry’s most comprehensive selection of precision

gears, timing belt & pulley drives;; mechanical components, motors,
gearheads, and motion control products.

Facing a design challenge? SDP/SI engineers
provide problem solving, customized solutions.
With over 70 years of engineering development
and precision manufacturing experience,
SDP/Sl is a proven partner to the most
recognized names in medical, aerospace,
defense, and robotics industries.

From prototype to high-volume production,
SDP/SI high-quality components and
subassemblies provide the reliable performance
your application requires. Our products are
found worldwide in surgical gear drivers,
pharmaceutical processing & packaging,
robotic surgery, patient positioning,

drug delivery, pumps, and aerospace &
defense applications including
actuation/positioning systems, instrumentation,
door releases, stabilization systems,

camera positioning, weapons targeting,

and cargo movers.

* 88,000 Stock Components

¢ Custom Gears and Gearboxes
¢ Custom Timing Belt & Pulley Drive Systems
e Couplings

¢ Bearings & Linear Motion Products
¢ Brushless DC Motors

e Integrated Motor Drive Controllers
¢ Frameless Motors

¢ Miniature Gearheads

¢ Planetary Gearheads

Call Us at 516-328-3300 or Shop SDP/SI at www.sdp-si.com '
We have the expertise, state-of-the-art CNC machinery

and world-class manufacturing facility you need.
STOCK DRIVE PRODUCTS/STERLING INSTRUMENT
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Heidenhain

INTRODUCES NEW VERSION OF STATEMONITOR

In answer to requests from machine
tool users around the world, Heiden-
hain introduces version 1.4.0 of its
popular StateMonitor software plat-
form enabling remote monitoring and
data evaluation during real-time man-
ufacturing. First introduced in 2019,
StateMonitor has become an impor-
tant option with Heidenhain TNC con-
trols to digitally connect and evaluate
machine tool data on company net-
works as part of the Industry 4.0 initia-
tive to boost efficiencies. Connected
devices could include CNC control
systems of varying brands as well as
PCs and Web-based mobile devices
such as tablets or smartphones.

Designed to highlight data usage
and encourage time-saving workflow
methods using clear-cut charts and
graphs, the new StateMonitor V1.4.0
now offers even more benefits. One of
the many new features often requested
and now available in StateMonitor
V1.4.0 is the ability to monitor tools
within a connected machine. This
now allows users to collect current
tool usage data and avoid unnecessary
costs due to premature tool replace-
ment. The new software also now can
view countdowns for any programs
running.

Other important new functions in-
clude the ability to now view moni-
tored signals on the Machine

8 Power Transmission Engineering

Status page, as well as String Signal
data. Also, users can now customize
the machine status by adding addi-
tional ones and changing to their lik-
ing when the machine is considered
“Productive”. All these were added per
past users’ requests.

And unlike in past, an interested cus-
tomer now has the option to purchase
a single machine license and can add
on the more common five-machine
license (StateMonitor Option 1) later
if desired. The StateMonitor Single
Machine license already contains the
“OPC UA Interface” so machines with
3rd-party CNCs can be connected as
well.

Another significant offering with this
new version is a provision of additional
StateMonitor Software Maintenance
and Support from Heidenhain. This
software maintenance plan gives cus-
tomers the ability to easily upgrade
the software each time a new release is
available.

www.heidenhain.us
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Mach Il

CUSTOM TORQUE LIMITERS
ELIMINATE DAMAGED BELTS

Mechanical Friction Torque Limiters
from Mach III are designed to slip so
that the torque never exceeds a pre-set
amount during momentary overload,
protecting the drive and other com-
ponents from damage. A recent appli-
cation involving pharmaceutical ma-
chinery demonstrates these principles
and also highlights the company’s abil-
ity to design and deliver custom torque
limiters quickly.

~

J

Friction Creates Challenges on
a Conveyor Belt

The company, a pharmaceutical
equipment manufacturer, contact-
ed Mach III after breaking four belts
while testing a new machine they had
designed for a customer. The issue in-
volved a section of the conveyor where
packaged pharmaceutical products
accumulated against a hard stop. From
there, a suction device was supposed
to lift the products to another station
for transport. However, whenever the
products reached this hard stop, fric-
tion between the pharmaceuticals and
the rollers created a spike in torque,
causing the 20 mm textured belt that
drove the rollers to break. This belt was
driven by a pulley that connected to
the output shaft on the gearbox.

After investigating the motor, gear-
box and belting, engineers determined
that a torque limiter, placed on the
gearbox output shaft, would prevent
the belt from breaking when set to a
slip torque of approximately 100 lb-
in. A big challenge, however, was the
small amount of space available for
this component. The output shaft of
the gearbox had a diameter and length
of 30 and 80 millimeters, respectively.

In addition, the torque limiter had to
be able to withstand washdown.

Achieving the Required
Torque in a Limited
Installation Space
To meet these requirements, Mach III
designed a torque limiter that utilizes
a stack of Belleville springs to provide
the required torque capacity. They
mounted the pulley that drives the belt
directly on the torque limiter. Due to
this design, the company didn’t have
to alter the machine frame or reposi-
tion any existing components. Rather,
the torque limiter fit within the existing
space on the gearbox shaft. Outfitted
with an enclosed aluminum housing,
the torque limiter also successfully met
the application’s washdown require-

ments.
www.machiii.com

Eaton

INTRODUCES VARIABLE VALVE
ACTUATION TECHNOLOGIES FOR
COMMERCIAL TRUCK INDUSTRY

Eaton has announced its Vehicle
Group has introduced a complete
portfolio of variable valve actuation
(VVA) technologies to help com-
mercial vehicle manufacturers meet
forthcoming emissions regulations in
China. The regulations are expected
to be significantly more stringent than
current standards.

“Automakers that manufacture vehi-
cles for the China market are research-
ing how to achieve future emissions
regulations,” said Fabiano Contarin,
product director, Commercial Vehicle
Valvetrain, Eaton’s Vehicle Group.
“Eaton is the right partner to support

1@ Power Transmission Engineering—[ 2022

this effort because of our considerable
experience helping European and U.S.
auto and truck makers develop emis-
sions-reducing technologies.”

Eaton’s VVA solutions are based on
two building blocks: 1) a rocker with
a switchable capsule, and 2) a split
rocker for full deactivation. By com-
bining these two building blocks, sev-
eral VVA strategies can be utilized in
virtually any engine architecture-sin-
gle and dual overhead cam, as well as
cam-in-block engines-and engine dis-
placement ranging from 2.0 liters to
15.0 liters.

Vehicle Group’s CDA
technology lowers CO, and
NOx simultaneously
Cylinder deactivation (CDA) is a VVA
technology that involves deactivating
the intake and exhaust valve opening,
as well as the fuel injection on some cyl-
inders when an engine is running atlow
load. This increases the temperature of
the exhaust gases, allowing the nitrogen
oxide (NOx) aftertreatment to remain
efficient at low load and decrease car-

bon dioxide (CO,) emissions.

CDA is an ideal solution for com-
mercial vehicles that make frequent
stops, such as sanitation or deliv-
ery trucks. It decreases both NOx and
CO; simultaneously, making it more
efficient than other technologies that
cut NOx at the expense of increased
CO,. CDA can reduce NOx by more
than 40% and CO. by 5%-8%.

Late intake valve closing
technology reduces emissions
Eaton also offers Late Intake Valve
Closing (LIVC), which delays the clos-
ing of the intake valve, so the effective
compression ratio is lower than the
expansion ratio. LIVC increases the
thermal efficiency of the engine, im-
proving fuel economy and reducing
CO. emissions. Reducing the amount
of airflow through the engine with a
shorter intake stroke raises the exhaust
temperature by 40 degrees Celsius,
contributing to the thermal manage-
ment of the aftertreatment. Overall,
LIVC can reduce CO; by 1%-2%, and is
most efficient for applications such as
over-the-road trucks.

www.eaton.com

WWW.F’CIWERTRANSMISSIDN.CCIM]i


http://www.machiii.com
http://www.eaton.com
http://WWW.POWERTRANSMISSION.COM

SEPT. 12-17, 2022 « MCCO

/]

A
[ 8
<

[ \ s '
Technology @émonstrated by Ma'zak'MegaS’tir . rg ) HYBRID MACHINING

INTERNATIONAL MANUFACTURING TECHNOLOGY SHOW
DIGITAL MANUFACTURING. IMPLEMENTED.

EXPER'ENCE MAZAK MEGASTIR

Hybrid multitasking technologies can add immediate value

THE POWER OF | through efficiency increases inherent in additive, hotwire, gear

turning, and friction stir welding. Experience Mazak MegaStir

HYBRID MACHINING and the complete Mazak Hybrid product line at IMTS 2022.




| PRODUCT NEWS]

Miki Pulley

COUPLING MODEL SUITABLE FOR BALL SCREW APPLICATIONS IN MACHINING CENTERS

Miki Pulley’s latest model SFF Coupling is ideal for large ball screw ap-
plications on high performance machining centers. These couplings
have a robust design providing high torque and high RPM operation.

The SFF Coupling offers exceptional torsional stiffness and strength.
These couplings have rugged designed steel hubs with black oxide
finish. This proven Miki Pulley coupling design assures accurate ma-
chining center shaft rotation with precise control. The coupling’s flex-
ible element gap dampens conductive heat transfer from motor to
output shaft. Also important, the coupling provides limited shaft mis-
alignment to alleviate premature system bearing wear.

The coupling’s aerodynamic pro-
file decreases noise while optimizing
performance at high speeds. Simple
yet reliable, SFF couplings are avail-
able in single and double element

® configurations. Bores can be arranged
LAFE RT with clamp, taper-lock or keyed styles
nORTH AmE RICA for specific application requirements.

Basic SFF coupling specifications are:
¢ Maximum RPM: 18,000

YOUR BEST SOURCE FOR METRIC + Masimum llovabl orque: 221 27
MOTORS, GEARBOXES & COOLANT PUMPS ¢ Bore size range: 0.709"-3.15" (918

mm-80 mm)
e Backlash: Zero

¢ Ambi i .
RIGHIE R

www.mikipulley-us.com
Available with stainless steel
output shaft

Hollow, or solid output shaft in
single or double design

Single & double reduction available

Ratios of 5:1 to 100:1
(single stage reduction)

Ratios up to 10000:1
(combination gearboxes)

Variety of input and output
mounting combinations in
each frame size.

AMERICAN

CLEAN

PQWER
Py

Toll Free: 1-800-661-6413 www.lafertna.com
Fax: 1-905-629-2852 sales@Iafertna.com
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NORD

OFFERS RELIABLE TECHNOLOGY FOR AIRPORT BAGGAGE HANDLING SYSTEMS

NORD’s introduction of the DuoDrive
integrated gear unit and motor, IE5+
synchronous motors, and NORDAC
ON/ON+ variable frequency drives
add to their intelligent drive solutions
that satisfy the specific demands of the
airport industry.

NORD is committed to committed
to meeting demands of existing and
future airport baggage handling sys-
tems. Their units deliver reliable op-
eration and control that is required in
airport applications such as lifts, con-
veyors, pushers, and indexers. For ap-
plications such as angled belt convey-
ors, NORD decentralized electronic
control products with external brak-
ing resistors control both speed and
positioning with extreme precision.
These complete, single-sourced units
are also compact and easy to service
and maintain, benefiting areas where
space is limited.

NORD solutions for the airport in-
dustry include:

IE5+ Synchronous Motors
NORD'’s new generation of IE5+ mo-
tors utilize a reduced noise, high ef-
ficiency design suited to areas in air-
ports that are acoustically sensitive,
such as check-in or baggage pick up.
The motors present flexible mounting
solutions whether it is direct mounted
to a gearbox or mounted to a NEMA
or IEC adapter. These motors meet
the highest efficiency standards and
are designed for reducing variants
and lowering operating costs. The two
frame sizes, 70 and 90, offer a power
range from 0.5-3 hp and a speed range
from 0-2100 rpm. IE5+ synchronous
motors are outfitted with an integrated
encoder that can be programmed for
precise control over speed, synchroni-
zation, and position.

DuoDrive Gear Unit and Motor
in One Design

NORD’s DuoDrive is an innovative

unit that combines the high efficien-

cy of IE5+ motors with a single-stage

helical gear unit, all in one housing.

DuoDrive is optimized for the airport

industry through the significant high
system efficiency of up to 92%, high
power density, and quiet operation.
The compact, smooth design allows
for easy installation and optimal space
utilization. Thanks to the integration
of IE5+ motor technology, this design
results in reduced Total Cost of Own-
ership and fast Return of Investment.
DuoDrive provides power ranges from
0.5-2 hp and has flexible attachment
options of a B5 flange or B14 flange.

NORDAC ON/ON+ Compact
Variable Frequency Drive
An economic solution for lloT environ-
ments, NORDAC ON was developed
with the specific requirements of hori-

zontal conveyor technology in mind as
well as complete interaction with the
new IE5+ synchronous motor (NOR-
DAC ON+). This frequency drive can be
wall-mounted or motor-mounted and
comes equipped with an integrated
Ethernet interface and full Plug-&-Play
capabilities for fast and simplified in-
stallation. Airport conveyor lines must
operate with precision and reliability

to ensure baggage is not getting lost,
damaged, or backed up. A breakdown
in a baggage handling system could
result in a backlog as well as costly
repairs and delays. NORDAC ON pro-
vides the ability to customize the elec-
tronic controls specifically to airport
application and conveyor needs, re-
sulting in a highly reliable and efficient
system with less downtime.

NORDAC PRO SK 500P
Variable Frequency Drive
The NORDAC PRO is a compact, cen-
tralized variable frequency drive that
provides versatility for all applications.
The integrated Ethernet interface can
be configured for each parameter, al-

lowing for precise control of drive sys-
tems. A USB interface allows for volt-
age-free parametrization and is usable
even if the main power is disconnect-
ed. The parameter structure is compat-
ible with all NORD variable frequency
drives and there is an SD card slot for
storage and transfer of the parameter
data.

FEBRUARY ]—Power Transmission Engineering 13
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LogiDrive Complete Drive
System Solution

The LogiDrive solution combines a
highly efficient 2-stage bevel gear unit
with an IE5+ Permanent Magnet Syn-
chronous Motor (PMSM), and a de-
centralized variable frequency drive.
This modular system reduces the
number of variants and saves on Total
Cost of Ownership through standard-
ization of geared motor versions. The
inclusion of the IE5+ motor minimiz-
es overall costs for the lifespan of the
unit, achieves greater efficiency, and
provides a faster return on investment.
NORDAC LINK provides a decentral-
ized VFD solution that has full Plug-&-
Play capabilities for easy commission-
ing and low maintenance. LogiDrive
works especially well with baggage
handling systems due to maintaining
high efficiency even in partial load
ranges and low speeds.

NORDCON APP with NORDAC
ACCESS BT

The NORDCON APP is a visualization
solution that enables drive monitor-
ing, fault diagnosis, analysis, and quick
access to parameters from a Bluetooth-
enabled device. The app also features
a Help function, video tutorials, and
direct contact options to send service
requests straight to the NORD support
team. In combination with the NOR-
DAC ACCESS BT Bluetooth stick, this
solution offers convenient mobile vis-
ibility of drive data while still granting
full drive control. The Bluetooth stick
also allows users to access and upload
parameters drive to drive, drive to PC,
and PC to drive.

Condition Monitoring for
Predictive Maintenance
NORD'’s condition monitoring solu-
tion records drive and status data with
the objective of maintaining machines
and plant productivity. Data is collect-
ed from analog, digital, or virtual sen-
sors to determine when there is a drive

issue and allows for scheduled down-
times before they turn into unplanned,
costly repairs. This system is also able
to calculate the optimal time to change
the oil by measuring its temperature
over time. This enables the drive to run
effectively and efficiently with minimal
wear on the components.

Two-Stage Helical Bevel Gear
Units Performance and Design
NORD'’s two-stage helical bevel gear
units feature a significant power range
of 0.16-12.5 hp, making them ideal
for conveyor applications where high
speeds are required. Two-stage helical
bevel units support high axial and ra-
dial load capacities with a torque range
of 443-5,842 Ib-in and the innovative
high-strength aluminum alloy design
enables a wash-down ready surface
at a remarkably light weight. NORD’s
two-stage helical bevel gear units are
robust, reliable, and offer high effi-
ciency with smooth operation ideally
suited for airport baggage systems.

www.nord.com
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Beckhoff Automation

ANNOUNCES COMPACT, COST-EFFECTIVE STEPPER MOTOR TERMINAL

With the new EL7062 dual-channel EtherCAT Terminal, Beckhoff enables the direct connection of
two stepper motors in the medium power range of up to 3 A and for a voltage range of 8-48 V. With
flexible parameterization and minimized channel costs, the flexible motion interface is ideal as a
low-cost drive for a wide range of stepper motor applications.

In an extremely compact form factor, the 24-mm-wide

EL7062 EtherCAT Terminal contains two stepper motor out-
put stages, two digital inputs for limit switches and one en-
coder interface per channel for a wide range of 5 V encod-
ers. Via parameterization, the EL7062 flexibly adapts to the
connected stepper motor and its corresponding application
requirements. With regard to the input encoder signal, the
module supports the entire spectrum of TTL encoders (5 V
differential, single-ended/open collector). Very high-reso-
lution microstepping ensures extremely smooth and precise
motor operation.

The maximum total output current is 6 A, typically to oper-
ate two 3 A stepper motors. This can also be configured vari-
ably-for example, the motion interface could be configured
for a 2 A and 4 A motor. With the ZB8610 fan module, which
is available as an accessory, the maximum power even in-
creases to 5 A per channel. The dual channels in the EL7062
significantly reduce the price compared to single-channel
solutions.

www.beckhoff.com

High-Speed Bearing Testing

North America’s Independent
Bearing Testing & Inspection Facility

Bearing Testing in support of
Evaluating: Electric Vehicles of the future
with NES High-Speed Testers

v~ Power Loss

v Fatigue Life

v’ Cage Design

v" Accelerated Wear

v~ Surface Treatments

v  Lubricant Efficiency : - -

Napoleon €ngineering Services/
sales@nesbearings.com U
nesbearings.com

Olean, NY USA
(877) 870-3200
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NTN

RELEASES CERAMIC BALL BEARINGS FOR ELECTRIC MOTOR APPLICATIONS

NTN Bearing Corporation of America is pleased to announce ceramic ball bear-
ings for electric motor applications as its latest product offering. NTN’s new se-
ries of ceramic ball bearings has been specifically designed to prevent electrical
arcing in a variety of applications.

“We are elated to offer yet another high-quality bearing solution to our cus-
tomers,” exclaimed James Misch, director of marketing and technical services,
NTN. “The electric motor industry in particular presents numerous challenges
due to the nature of the industry and the potential exposure of bearings to stray
electric currents. This new product innovation is designed to combat multiple
potential failure modes, giving our customers peace of mind that their opera-
tions will not be impacted by unexpected downtime.”

Robustly designed with steel rings and cages but featuring ceramic balls in-
stead of standard steel balls, NTN ceramic ball bearings are useful in many differ-
ent applications found within a variety of industries including the electric motor
industry. Due to ceramic being nonconductive, the material is ideal for applica-
tions where stray currents are present.

NTN’s ceramic ball bearing offering comes with two shields, electric motor

grease, and C3 clearance as standard. We stock
some of the most common bearing sizes
while offering bearings with bore diame-
ters up to 65mm, and our entire offering has
ISO standard dimensions for easy inter-
changeability. Additionally, the ce-
ramic material of these bearings
generate less heat allowing lon-
ger service intervals than the
steel ball equivalents. NTN'’s
ceramic ball bearings offer
a cost-effective solution to
combat stray electric currents
and other harsh operat-
ing conditions.
Additional informa-
tion on ceramic ball
bearings can be found
on Bearing Finder.
Designed to aid distrib-
utors, design engineers,
and end users in finding
the perfect bearing or re-
lated product to use in any ap-
plication, Bearing Finder is hosted
on a proprietary platform that offers a
customizable part search tool, interactive and downloadable CAD illustrations,
comprehensive part interchanges, and exhaustive data sets.
NTNamericas.com
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It took the combined strengths of our new company to develop complete
industrial powertrain solutions, custom designed and built for applications across
the full spectrum of horsepower and torque. From start to finish, Regal Rexnord™
electromechanical industrial powertrains are designed, configured, integrated
and optimized for your unique applications, opening the door to new ideas and
unlimited possibilities.

Read about Regal Rexnord and our prominent brands. Go to regalrexnord.com.

that drive

endless potential

The new Regal Rexnord introduces
engineered-to-order industrial
powertrains, delivering power

for the most demanding of
applications
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Creating a better tomorrow™ ...
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The Art of the Balance

Nathan Maxwell, Motion

While sitting at a tire shop a
while back, | could not help but
overhear a customer tell the
mechanic he could only afford
to pav for the new tires, but
not to pay the extra twenty
dollars to get them balanced.
I thought to myself, “I hope that this
mechanic explains that the extra twen-
ty dollars spent to balance is going to
save this person hundreds of dollars
down the road” Even vehicle tires re-
quire balancing to keep them from vi-
brating and damaging the other drive
train components. In the near future,
without balancing the tires, this person
is going to be stuck buying all new tires
and possibly drivetrain components.
The average cost to buy tires today is
not exactly cheap. So, when you think
about it, the extra twenty dollars to bal-
ance is well worth it.

The same goes for impellers and ro-
tors for pumps and motors. Many of us
feel that balancing impellers, rotors,
etc. is not that important of a proce-
dure. In fact, it is quite the opposite.

Importance of balancing
Impeller and rotor balancing are a cru-
cial part to keeping our pumps and
motors running. Why do we balance?
There are many reasons that balancing
is important, but here are some major
ones:

o Extended product life
 Increased safety

o Lower operating cost

o Improved performance
 Increased bearing life

o Reduced noise/vibration
¢ Reduced stress/wear

¢ Reduced power loss

o Reduced repair cost

Reasons for unbalance
What causes unbalance? Any of the
following can cause an unbalance in
your rotating equipment:
¢ Design
o Heat
e Assembly errors

o Misalignment

o Flexing

¢ Density changes

¢ Nonsymmetry (oval or egg shaped)
o Environmental conditions

¢ Damage to the impeller

o Bearing Failure

How is balance corrected? This is
done by adding material, material re-
moval and shifting of material. Let’s
dive in deeper to get a better insight on
what types of balancing are applicable
to your rotating equipment.

If an impeller or rotor is out of bal-

Types of unbalance conditions
Static unbalance is the condition in
which the central principal axis is dis-
placed only parallel to the shaft axis.
For example, a large pulley or an im-
peller on a single shaft with bearings is
considered static unbalance.

Dynamic unbalance is the condi-
tion in which the central principal axis
is not parallel to and does not intersect
the shaft axis. For example, a rotor out
of an electric motor or a split-case im-
peller assembly is considered dynamic
unbalance.

Exploding bearing.

ance, bearing failure can result from
the consequential vibration. Vibration
is thenumber one cause of bearing fail-
ure. The center of the shaft (or center of
gravity) is where the impeller, when it
is properly balanced, will want to spin.
If it is not properly balanced, the cen-
ter of gravity will move to the principal
axis of inertia, which runs parallel to
the center of gravity line. Corrections
can be made anywhere on the impel-
ler or rotor, provided the net effect is in
line with the rotor’s center of gravity.
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Couple unbalance is the condi-
tion in which the central principal axis
intersects the shaft axis at the cen-
ter of gravity. For example, a railroad
wheel assembly is considered couple
unbalance.

Quasi-static unbalance is the condi-
tion of the unbalance for which the cen-
tral principal axis intersects the shaft
axis at a point other than the center of
gravity. For example, a great scenario
for quasi-static unbalance is an electric
motor and blower wheel assembly.

The two main types of balancing on
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rotating equipment are static and dy-
namic. How do we determine what
type of balance procedure must be
done for the correct application? Most
impellers will be static balanced to a
G-6.3 per ISO 21940-11 standard, and
rotors will be balanced to the same
standard as impellers. We determine
static balance by focusing on the im-
peller itself and nothing coupled to it
(shaft, bearings, etc.). That is due to the
impeller being larger/heavier than the
bearings. That is when you will want to
static balance.

The best scenario to dynamically
balance would be rotors that go in a
motor because there is equal weight
on both sides. Rotors can also be clas-
sified as couple unbalance. In addi-
tion, on each side of a rotor shaft will
be the bearings that the rotor will spin.
You will also want to dynamically bal-
ance a split-case impeller assembly
(the shaft is coupled on both sides by
bearings and bearing housings) for the
same reason. It acts almost identically
to rotors in terms of how they operate.

When dynamic balancing, you will
be removing/adding material on ei-
ther side of the rotor/impeller to create
equal balance on both sides. This will
create smooth operation with vibration
being almost nonexistent. It will also
increase performance, as the rotor/im-
peller will spin without straining the
bearings. With less strain, you will have
minimal power loss when it comes to
an impeller under aload. Loads on im-
pellers consist mainly of water pres-
sure fluctuations. A load on a rotor will
consist of a blower attachment or fan
to help cool the motor down. However,
the main cause of stress on a rotor is vi-
bration. If the rotor cannot spin freely
without vibration you will experience
power loss as the rotor will not be able
to output the torque needed to operate
whatever it is coupled to.

For Related Articles Search

maintenance

at www.powertransmission.com

Cooling fan balance.

Balance for Maximum
Performance
Balancing impellers and rotors will
save hundreds, even thousands of dol-
lars in downtime, keep repair costs low,
improve performance—and above
all else—improve safety. This is why
balancing is so important. We all want
better product quality, bearing life and
optimal performance. After all, good
money is spent on the pumps and ro-
tors to keep your business going. Your

pumps and rotors are assets and should
be treated with care. PTE

For more information, visit Motion.
com/pte or discover Motion’s pump
solutions blog here: Motionind.
biz/3EzqzE?7.

~

Nathan Maxwell is a shop technician at
Motion’s Process Pumps location in Omaha,
Nebraska. A certified welder, Maxwell has 16
years of experience in welding, fabrication,
machining, CNC and lathe operation, drilling,
and plasma cutting, as well as five years in
robotic welding and programming, and five

\_ years in process pumps.

Impeller and rotor balancing are a crucial part to keeping pumps and motors running.
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Energy Initiative

The need for smart, sustainable and efficient components

Matthew Jaster, Senior Editor

With a global population pro-
jected to grow to almost 97
billion by 2050, accessing
energy remains a significant
challenge around the world.
For energy applications like wind, so-
lar, oil/gas, and hydropower, compo-
nents need to be smarter and more
sustainable. They need data-driven
metrics to prevent downtime and out-
ages. Smarter components will con-
tinue to increase in the coming years,
particularly in the energy market.

Regal Rexnord Optimizes
Gearboxes for Energy
Applications
“Conserving our planet’s resources
and using them efficiently are ex-
tremely important to Regal Rexnord’s
customer base,” said Joe Bierschbach,
technology manager - gearing, Regal
Rexnord. “Using a gearbox with opti-
mal efficiency for each application is
also essential. We know a solar power
application requires rigorous gearbox
specifications to properly take advan-
tage of the finite amount of sunlight
while using the minimal amount of

power to articulate the panels.”
Bierschbach said that the oil and gas

industry is trending toward more effi-

cient electromechanical solutions that

The Regal Rexnord Perceptiv services team is an extension of the maintenance team on the ground.
This partnership ensures that each customer maximizes uptime (courtesy of Regal Rexnord).

will leave a smaller footprint while not
compromising productivity.
“Historically, a customer had two
options. The first option was to rebuild/
replace gearboxes on a prescribed
maintenance cycle based on historical
failures. The second was to wait until
the gearbox broke during operation
and the customer experienced down-
time. Neither option is ideal when you

EO Power Transmission Engineering—[ 2022

consider the cost of unplanned down-
time and unnecessary rebuilds,” he
added.

Today, Regal Rexnord highly recom-
mends that a customer take advantage
of Perceptiv intelligence diagnostics
and monitoring for their gearbox and
use this data made available through
this system to plan downtime, rather
than react to unplanned downtime.
In this regard, Bierschbach said that
Regal Rexnord is a one-stop shop for
gearbox users in the energy industry.

“Our experts are available to specify
the initial gearbox selection, monitor
that gearbox while in operation, notify
the customer of any necessary mainte-
nance, and deploy to the field to per-
form that maintenance. If a full rebuild
is needed, Regal Rexnord has an in-
dustry-leading rebuild facility that can
restore a customer’s assets to like-new
condition,” he said.

The level of monitoring for gear-
boxes has increased exponentially over
the last several years. Regal Rexnord is
at the forefront of this advancement
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with its Perceptiv intelligence of-
fering, which allows users to proac-
tively predict any issues before they
occur. Customers partner with Regal
Rexnord to perform predictive main-
tenance and can forecast when rotat-
ing elements need to be serviced. This
approach allows maintenance to be
scheduled proactively at times where
it will cause the least disruption, rather
than to interrupt normal production.
Regal Rexnord is committed to staying
at the forefront of new and more accu-
rate ways of monitoring the health of
our customers’ most critical assets.

According to Bierschbach, gear-
boxes fail for numerous reasons, but
one of the most prevalent is inade-
quate maintenance. “Users typically
perform the prescribed oil changes
but unfortunately ignore other com-
ponents of the gearbox. While mainte-
nance teams have the best intentions,
some of the most critical components
such as the bearing, seals and gears are
overlooked. In the past, these compo-
nents could only be monitored visu-
ally. At Regal Rexnord, we pride our-
selves in taking the subjectivity out of
predicting maintenance and gearbox
failure. The Regal Rexnord Perceptiv
services team is an extension of the
maintenance team on the ground.
This partnership ensures that each
customer maximizes uptime and is
warned early of pending gearbox fail-
ure,” Bierschbach said.

Efficiency, uptime and extended
maintenance intervals will be drivers
for innovation in the coming years. At
Regal Rexnord, these trends will be
monitored by sophisticated Perceptiv
services packages that will become a
standard offering customized for each
gearbox.

“Regal Rexnord’s ability to offer the
complete industrial powertrain to cus-
tomers in the energy sector will hit
each driver,” he added.

www.regalrexnord.com

For Related Articles Search

energy

at www.powertransmission.com

Philadelphia Gear Focuses on a Sustainable Future

With the emergence of the movement
to reach Net Zero emissions by 2050,
the role of Philadelphia Gear as part of
the larger network of nationwide gear
and motor repair facilities that make
up Timken Power Systems has never
been more vital. Timken Power Sys-
tems’ broad electromechanical knowl-
edge and capabilities help its custom-
ers save money and, most importantly,
contribute to a more sustainable econ-
omy by extending the lives of mission-
critical equipment and parts that are
essential to keeping the world in mo-
tion.

“Greater efficiency has always been
a core value of our gear operations and
innovations, and now this legacy has
been expanded to include aftermarket
repair services for motors, bearings,
and control systems,” said Carl Rapp,
group vice president, Timken Power
Systems. “Our new offering allows our
customers to leverage our engineering
capabilities to develop more sustain-
able solutions that extend the life of es-
sential machine parts while reducing

cost, waste, and the downstream car-
bon footprint. And we've seen these
efforts make a big difference as our
industrial repair and service business
helps to reduce the environmental im-
pact by recycling more than 1,000 tons
of steel and 75 tons of copper each year
from service parts that can’tbe reused.”
Rapp said customers often ask them-
selves two important questions when
deciding between buying a new gear-
box or repairing it: Is the equipment
salvageable? What is the opportunity
cost of removing critical equipment
from service and waiting for a new re-
placement versus having it repaired?
“Downtime, for many of our cus-
tomers, first and foremost means the
loss of power for millions of homes
during times when they need it most.
Secondarily, those types of outages
can translate into mounting financial
losses for energy companies ranging
in the hundreds of thousands of dol-
lars each day their equipment is out of
service. And with lead times for new
equipment that could span up to four

e

Philadelphia Gear drivetrain system includes new electric motor, right-angle pump drive,

and control system.
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months (in many cases), the decision
becomes simple, and the need for a
high-quality, versatile repair facility
that offers onsite service and superior
manufacturing capabilities can quickly
become evident,” Rapp said.

And how is data-driven manufactur-
ing and IloT solutions helping gearbox
customers today?

“The importance of collecting, un-
derstanding, and continuously moni-
toring critical data has always been
a crucial part of our business. Those

Optimize your operations ana
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when your sprocket needs to be replace
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efforts can be traced back before com-
puters, where we recorded customer
equipment information into logbooks
which we've since scanned and added
to a searchable database that’s now
part of our massive electronic data ar-
chive. Some of that information dates
back to the 1950s and 60s, and remark-
ably our engineers will still often refer
to it to help service equipment that
continues to run in the field today. So,
whether it's expanding our network
capabilities, adding more advanced

7 TsUBAKI

LEADING THE MOVEMENT
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instrumentation, or investing in new
machinery, we see the role of tools like
these only growing in the decades to
come.

An excellent example of this effort,
throughout the past year and a half
during the COVID outbreak is that
our facilities offer customers 100% re-
mote, real-time witnessing of gearbox
inspections, load testing, and progress
monitoring through video and online
conferencing technology.

The most common answer the com-
pany hears regarding gearbox failure is
lubrication challenges. Rapp said that
continued reliability, successful opera-
tion, and the long life of power trans-
mission equipment are largely de-
pendent upon the constant supply of
lubrication oil of the proper quantity,
quality, and condition.

“So, whether it’s the wrong type of oil
to match the operating requirements,
an improperly specified lube system,
or the lack of a proper routine main-
tenance plan, lubrication issues can
cause anything from minor to cata-
strophic gearbox failures. Thus, when
designing a gearbox, the importance
of selecting the appropriate lubricant,
type of lubrication system, and inte-
grating the proper instrumentation
for condition monitoring cannot be
understated and are vital factors that
will affect the longevity and perfor-
mance of every gearbox,” Rapp said.
“During the design phase of our gear-
boxes, our engineers find it essential
to work closely with customers to gain
a deeper understanding of the appli-
cation and the environmental condi-
tions to design the optimal system type
and recommend the best maintenance
schedule to increase the performance
and longevity of their equipment.”

Trends in recent years include cus-
tomers moving from “off-the-shelf”
products to working with compa-
nies that offer superior manufactur-
ing capabilities and can also serve as a
trusted advisor to provide more com-
prehensive solutions. Rapp antici-
pates this trend to continue to evolve
and grow as energy customers are now
tasked with not only adapting their
technology but retuning their pro-
cesses to fit within the Net Zero 2050
agenda.
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“As a result, we've seen energy pro-
viders moving towards developing
more complex hybrid systems to fill
the gap until they achieve fully sustain-
able carbon-neutral solutions. So, in a
nutshell, this translates to the need for
companies to be closer to their custom-
ers, understand their evolving needs,
and develop a fully customized solu-
tion that’s adaptable, efficient, and af-
fordable. And most importantly, we see
this as a core competency that doesn’t
end just inside the gearbox but extends
across all electrical and mechanical
systems, including electric motors,
generators, and control systems that
help support their rotating equipment,”
Rapp added.

Philadelphia Gear and Timken
Power Systems will continue to ad-
vance its products and technologies in
the future.

“We’'ve implemented several soft-
ware tools to help meet this need, in-
cluding finite element analysis, com-
putational fluid dynamics, parametric
modeling, and online configuration
tools to aid in shortening lead times
and developing more efficient and
better-designed equipment. We've ap-
plied this training and these principles
across our entire network of Timken
Power Systems facilities, so our gear,
motor, and control systems experts are
versatile and prepared to adapt and
grow with our customers’ evolving
needs,” Rapp said.

www.philagear.com

Dunkermotoren, Part of AMETEK, Inc., Provides Auxiliary Drive
Solutions for Energy Applications

Dunkermotoren delivers solutions for
the fields of combustion, wind, solar
and water energy. “We are not doing
the main drives, but auxiliary drives
such as actuators (solar tracking),
locks and valves. We are also provid-
ing motion solutions for equipment
such as the autonomous solar panel
cleaning robot from SolarCleano, or
for equipment of the maintenance of
wind turbines,” said Stefan Trondle,
product manager at Dunkermotoren.
The SolarCleano is a solar panel clean-
ing robot that can be managed by one
person using a remote control. It can
clean a solar panel in a single pass re-
turning the solar cells to full produc-
tivity.

Dunkermotoren is committed to
providing more efficient and produc-
tive technologies for the energy mar-
ket like the motion solutions it pro-
vides for the SolarCleano.

“Our DC-motors are not addressed
by the existing energy standards but
do exceed the requirements in terms
of efficiency. When a pneumatic so-
lution is replaced by an electrical
motor and gearbox solution from
Dunkermotoren, the efficiency is im-
proved from approximately 5 to 70
percent,” Trondle said.

The most common answer the com-
pany hears regarding gearbox failure
in energy applications includes select-
ing the wrong-sized products based
on unclear requirements, according to
Trondle.

Solar panel cleaning robot (courtesy of SolarCleano 2021).

“Our new planetary gearbox series
PLG xx SL and the spirotec gearbox
STG 65 with exceeded lifetime, might
be a suitable solution for less gearbox
failure,” he added.

The PLG series, for example, has the
highest continuous torque capacity
of all types of gearboxes; at the same
time, they have a very compact design,
low weight, and excellent gear effi-
ciency of typically 97%. The planetary
gearboxes are also maintenance-free.
The STG series has gearboxes with
right-angled output. The core element
of the series STG is the spiral wheelset.
It enables to reliably transmit high mo-
ment with comparatively small center
distance in a small space.

Dunkermotoren’s components are
monitored using a variety of IIoT so-
lutions. With the IIoT functionality of
Dunkermotoren’s motor and gearbox
combinations, for example, it is pos-
sible to read the current consump-
tion and the temperature. If one of the
values is going up, this can indicate
that the product is wearing out and
needs to be replaced within the next
overhaul.

It is already possible to read infor-
mation such as temperature, current
draw and hours of operation (operat-
ing hours counter).

Trondle believes the trends in the
energy market in the future are clear.
“All motion products will have an IIoT
interface. Dunkermotoren has the
right interfaces for the motors and
gearboxes,” he added. “These trends
will include more efficient solutions
with higher power density as well as
more sensing capabilities via IIoT”

www.dunkermotoren.com

The Optimal Path
The path forward is to optimize plants
and processes by upgrading the in-
dividual components as well as the
complete electrical and mechanical
systems. Digital solutions will continue
to play a significant role in the energy
market as the gearboxes, motors and
drives continue to evolve. PTE
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Solar-Powered Waste
Management

Finbin implements sustainable waste
containers with igus bearings

igus GmbH

An overflowing waste bin in
a park: pizza boxes piled up,
coffee cups, napkins and beer
cans on the ground. Cities all
over Europe have been fighting against
such a deluge of waste for years. Co-
rona exacerbates the problem because
people spend more time outdoors.

“With classic rubbish bins, waste
management in most cities is now
reaching its limits. Many metropoli-
tan areas in Finland, for example, had
to empty public waste bins up to four
times a day even before the pandemic,’
said Antti Kinnunen, marketing man-
ager at Finbin.

The Finnish company’s answer: a
waste bin called CitySolar, which com-
presses waste and thereby has a much

higher capacity. A waste bin that is
connected to the Internet and triggers
an emptying before reaching the maxi-
mum fill level.

“With CitySolar, we are making a
contribution to reducing disagreeable
waste scenes in cities and improv-
ing the CO, balance in waste manage-
ment. Up to four out of five trips can
be avoided with the networked waste
bin,” Kinnunen added.

Less emptying: solar-powered
compactor compresses waste
Visually, CitySolar is reminiscent of
the robot R2-D2 from Star Wars — only
somewhat larger, more angular and
less noisy. Its operation is simple: a
passer-by opens the waste flap by hand

or by foot. Once the flap has closed, an
electric press compresses the waste.
It is done so effectively that a con-
tainer with a capacity of 240 liters can
hold 1,500 liters of waste —with a to-
tal weight of up to 600 kilograms. The
waste bin can do this work anywhere,
independent of the public power grid.
Because the engineers have installed
solar panels on the roof. In addition, a
lithium-ion battery that stores power
for cloudy periods and the night. This
means that energy is available for the
waste compactor around the clock.
Indoors, CitySolar is not dependent
on solar energy. The waste bin can be
connected to the conventional power
grid here.

Finbin’s bins compress waste by a factor of six and report their fill level via the Internet.
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As soon as the flap is closed, the waste compactor starts working. The energy is

supplied by the solar module on the roof of the bin.

Maintenance-free components
To increase the sustainability of the
novel waste bins further, the engineers
have made every effort to use compo-
nents that do not require maintenance.
After all, every maintenance operation
causes CO, emissions — solely through
travel to the site. Finding such compo-
nents was not always easy. An example:
the plain bearings for the mechanics of
the press and the skirting board. Clas-
sic bearings made of metal were out
of the question for the job. Why? First,
because there would be a risk of corro-
sion with high humidity. Second, be-
cause the lubrication of metal bearings
can lead to several problems. It would
combine with dust and dirt and, over
time, become a paste that reduces the
bearing’s sliding ability, making the
system less smooth and, in the worst
case, leading to failure.

To avoid these problems, the engi-
neers set out to find lubrication-free
plain bearings made of high-perfor-
mance plastic. “We looked at bearings
from different manufacturers thor-
oughly,” Kinnunen recalled. “Durability
and reliability were the main crite-
ria and the reason why we chose plain
bearings from igus.”

Durability proven on the
testrig
Iglidur G plain bearings (GFM-1214-
12) are used in the mechanics of the
pressing plant. A test in the igus in-
house laboratory, the largest test lab-
oratory in the industry, proves how

wear-resistant the bearings are com-
pared to classic metal bearings. In the
test, the bearings were pivoted on a
gas-nitrided, St52 steel shaft—with a
load of 30 Mpa and a speed of 0.01 me-
ters per second.

“In the case of the metal bearings,
the sliding layer was already worn after
60,000 cycles,” said Stefan Loockmann-
Rittich, head of the iglidur bearings
business unit. “The iglidur G plain
bearings, on the other hand, showed
almost no signs of wear even after
200,000 cycles. They are ideally suited
for reliable and maintenance-free use
in wind and weather for many years.

The plain bearings are therefore also
installed in the skirting board and in
the waste flap—here in combination
with double flange bearings of the igli-
dur M250 series.

Waste bin reports filling level
via the Internet
However, the electric waste bin from
Finbin is not only low-maintenance,
but also smart. Sensors are installed
inside the container to measure the fill
level. In addition, a SIM card connects
CitySolar to the Internet. The bin can
continuously transmit the fill level to

FinbinCare.

The cloud-based waste management
software works with GPS tracking tech-
nology and shows waste companies
what the fill level of individual bins
is on a map. Via an API interface, the
waste bins can alternatively be con-
nected to waste management systems.

THIN ENOUGH?

BXR Brakes
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- 19 watts or less

- Produced for over 10 years
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reducing weight and saving
space.

For more information:

Call: 800.533.1731
www.mikipulley-us.com
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“CitySolar’s fill level information is
based on a patented measuring system
developed in-house, which is one of
the most accurate systems on the mar-
ket,” said Kinnunen. “Thanks to this in-
formation, companies can deploy per-
sonnel resources in a more targeted
manner, and unnecessary trips to al-
most empty bins are a thing of the past.
So are bins that overflow.”

Finbin’s internet-linked waste bins
can be admired in more and more cit-
ies—no longer just in Scandinavian
cities such as Oslo, Helsinki and
Finland, but now also in Hvarin Croatia
and Verona in Italy. Cities are flexible
when it comes to costs. You can either
buy CitySolar for around 5,000 euros
each or rent it for a monthly fee. Finbin
therefore offers enough flexibility for
further applications. “The facilities
make them ideal for events or festivals,
for example,” said Yrjo Ojanen, the de-
signer of the Finbin. “They can actually
make the world a bit greener” PTE

www.finbin.fi
WwWw.igus.com

For Related Articles Search
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at www.powertransmission.com
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SOLAR-POWERED WASTE MANAGEMENT}

A passer-by opens the waste bin via a skirting board. Plain bearings made of high-performance polymers
from igus ensure long-lasting and maintenance-free operation without external lubricants.
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Machine Elements — Shaping the
Future through Continuous Evolution

E. Kirchner, A. Hasse, M. Hofer, G. Jacobs, S. Puchtler,
B. Schlecht, K. Stahl, M. Weigand

The well and the wheel —some of the
oldest inventions of mankind —were
themselves already dependent on ma-
chine elements. Over the years, ropes
as the oldest class of machine elements
enabled numerous innovations such
as draw wells, sailing and later aircraft
construction. Machine elements have
always been at the center of numerous
innovations. More than ever, the fur-
ther development of classic machine
elements, such as gears and bearings,
enables innovative solutions for tomor-
row’s problems: a stocktaking.

Machine Elements Are
Everywhere
In everyday speech, even techno-
phobes use machine elements in many
places to figuratively represent their
opinions. Sayings such as “Don’t rein-
vent the wheel” or “Sand in the gears”
are ubiquitous, generally understood
and accepted. It is also impossible
to imagine everyday life without the
symbolism of machine elements. Just
imagine searching for the settings on a
smartphone without the stylized gear
wheel, the Mainz coat of arms without
the wheel, or the Rotary Club without
the machine elements in its trademark

A
Figure 2

Figure 1

Machine elements in everyday life as a symbol for the settings on the smartphone, in heraldry

using the example of the Mainz wheel, and as a symbol of charitable organizations.

(Fig.1). Many people are not aware of
the fact that many machine elements
originate from a development span-
ning thousands of years and that today
it is impossible to imagine modern me-
chanical and plant engineering prod-
ucts without them.

This article, developed by the
Wissenschaftliche  Gesellschaft  fiir
Produktentwicklung (Scientific Society
for Product Development, WiGeP),
analyzes the evolution of two selected
classes of machine elements, formu-
lates a law to describe their devel-
opment in terms of Moore’s law and
extrapolates into the future. While tran-
sistors, for whose architecture Moore’s
law was originally formulated (Ref.1),

Improved performance of the wheel bearing. From the unlubricated plain bearing to the

lifetime-lubricated double-row angular contact ball bearing in back-to-back arrangement with
form fit connection to the cardan shaft (right-hand image courtesy of SKF, Ref. 2).
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have now physically reached the high-
est spatial density, the authors believe
that much is still achievable in ma-
chine elements due to the possibili-
ties for synthesizing new system solu-
tions. Despite the very long history of
individual machine elements, they are
constantly being developed further and
digitalization offers machine elements
a high potential for innovation.

Continuous Power
Enhancement

The evolution of machine elements and
their future as an element of design are
analyzed here using the example of
rolling bearings and gears. Due to the
bearing as a functional unit, the inven-
tion of the wheel about 6600 years ago
became a sustainable innovation. With
the wheel centered and guided by the
bearing, the acting forces were sup-
ported (Fig.2, left). A modern wheel
bearing has the same basic functions,
can also transmit the drive power prac-
tically without loss and, in many cases,
also provides high-resolution rotational
speed information via specific sensors
(for example, in a modern ABS system).

A similar development can be ob-
served in the example of linear guides
(Fig.3). Whereas about 4600 years ago
wooden rollers as rolling elements fa-
cilitated the construction of pyramids,
with modern slides guidance accura-
cies in the range of micrometers are
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possible due to advances in manufac-
turing technology for the hardened and
precision-ground rolling elements as
well as the preload of the rolling con-
tacts. An integrated position measure-
ment system can resolve the same
accuracy. Low-friction seals and op-
timized rolling contacts have made it
possible to continuously reduce friction
losses over the past decades.

Moore’s Law

In 1965, Gordon Moore made a predic-
tion about the development of semi-
conductor technology (Ref. 1). His pre-
diction is known as Moore’s law and
states that the number of transistors per
unit area will double every year, corre-
sponding to an exponential increase.
Moore’s law has so far proven to be
largely correct. However, the further re-
duction in the size of transistors is likely
to reach its limits in the coming years.
Alternatives to conventional transis-
tor design or new approaches to chip
architecture are needed for the future
(Ref.3).

Whether Moore’s law can also be ap-
plied to machine elements will be con-
sidered in this section. In order to be
able to assess the further development
of machine elements and the technical
systems assembled from them, suitable
quantification on the basis of technical
characteristics is necessary.

Torque Density of Gearboxes

for Wind Turbines

In wind turbines, the increasing rotor
diametersled to an increase in the rated
power. At the same time, a reduction of
the rotor speed is necessary to maintain
the permissible blade tip speed (Ref. 4).
This results in a high increase in input
torque. To evaluate the development of
gearboxes for wind turbines, the torque
density as a quotient of the rated torque
of the gearbox and the weight of the
gearbox is suitable (Refs. 5, 6).

Figure 4 suggests an annual increase
in torque density of about five percent.
This corresponds to an exponential in-
crease as in Moore’s law, although at a
lower growth rate.

The development of torque density
is due, among other things, to light-
weight construction, new materials and
coatings, and optimized macro- and

Approx. 2600 BC Slide Today
Lubrication 3 g o
g |
—~

Track

Rolling
Element

Figure 3 Performance increase using the example of the linear guide. On the left with wooden rolling
elements and sand as an adhesive in the open system, on the right with grease-lubricated
precision rollers as a closed system. (Left image copyright Vladimir Filipovic, ZUNS, Belgrade / La
main a la pate. Right image courtesy of Schaeffler).
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Figure4 Development of torque density of gearboxes for wind turbines (based on Ref.6).
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Figure 5 Development of friction losses of tapered roller bearings (TRB) (based on Ref. 8).

micro-geometries (Ref.6). Smaller friction losses of tapered roller bear-

plain bearings allow higher power den-
sities by load sharing on more planets
and enable new gear concepts (Ref. 7).

Frictional Losses of Tapered
Roller Bearings
In addition to the increase in load car-
rying capacity, today ever greater de-
mands are being formulated for the
energy efficiency of machine elements.
Figure 5 shows the development of

ings over time. Friction decreases expo-
nentially and roughly follows the plot-
ted curve of an annual decrease of four
percent.

Improvements were achieved, among
other things, by improving the surface
quality of bearing rings and rolling ele-
ments, adapting the flange and cage ge-
ometry and the lubricants. To reduce fric-
tion while maintaining the necessaryload
carrying capacity, application-related,
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computer-aided design optimizations
are carried out (Ref. 8).

Significance of the Validity
of Moore’s Law for Machine
Elements
For the two examples presented, a sim-
ilar exponential development can be
seen, albeit one that extends over a lon-
ger period of time, as with Moore’s law.
In the case of other industrial gear units,
too, it has been possible over the years
to significantly increase calculation ac-
curacy and to incorporate application
knowledge and findings from a wide
variety of application areas into devel-
opment, which has led to an increase
in torque density and an increase in
bearing service life and efficiency (Refs.
9, 10). In summary, the continuous fur-
ther development is based on the one
hand on an improvement of individual
machine elements, and on the other
hand on the development of new con-

cepts for technical systems.

Machine Elements Open Up

New Possibilities
The further development of machine
elements goes well beyond increasing
power density or reducing friction loss-
es. Innovations in the field of machine
elements also open up entirely new
possibilities for increasing the func-
tionality and sustainability of machines
and plants.

Figure 6 Geared turbofan — planetary gear stage (left) and comparison of Airbus A320-200 and Airbus
A320 neo (right). (Left image courtesy of Pratt & Whitney, Right image courtesy of Airbus).

Geared Turbofan
In aircraft engines of the latest genera-
tion, a planetary gear stage as shown in
Figure 6isused between the core engine
and the fan to reduce the speed of the
fan to about 1/3. Due to the lower cir-
cumferential speeds of the fan blades,
the fan can be made larger and thus the
bypass ratio can be increased consider-
ably, which reduces fuel consumption
by up to 20%. In addition, the larger
bypass ratio results in noise emissions
that are also up to 20% lower. The first
generation of these engines is already
on the market; the second generation
of these engines — currently under de-
velopment—will be able to achieve
the same reductions once again and
is expected to run on up to 100% syn-
thetic fuels. The large number of aircraft
equipped in this way is already making
a significant contribution to the envi-
ronment. Since the economic efficien-
cy is also increasing at the same time,

HCPSense

&

Figure 7  Sensor bearing for measuring force, lubricant condition and speed (courtesy of HCP Sense).
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this technology is rapidly gaining wide-
spread acceptance.

Figure 6 on the right shows the Airbus
A320 neo (neo=new engine option)
equipped with geared turbofans com-
pared with the A320-200. The signifi-
cantly larger diameters of the new gen-
eration of engines compared with the
older generation can be clearly seen.

The gears thus make a major contri-
bution to achieving today’s important
environmental and climate protection
goals.

The Rolling Bearing
as a Sensor

The integration of sensor technology is
becoming increasingly importantin the
era of Industry 4.0 and poses challeng-
es for design engineers, particularly in
the case of limited installation space.
Therefore, various approaches are be-
ing researched to integrate sensor func-
tions into machine elements.

The rolling bearing has emerged as
the preferred source of process data for
parameterizing digital twins in order to
obtain high-quality data with compara-
tively little effort. For example, conclu-
sions can be drawn about the operating
condition of the bearing by measuring
the electrical properties (Fig.7). Since
the lubricant film thickness and the
deformation in the contact depend on
the load, the electrical properties of
the rolling element raceway contact
change measurably as a function of the
load. The determined load data can be
used, for example, for process monitor-
ing or incorporated into a real-time ser-
vice life model that enables improved
estimation of the remaining life span.
In addition, a statement can be made
about the lubricant condition, which
exhibits altered electrical properties as
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aging progresses.

Further research and subsequent
market introduction of these ap-
proaches have the potential to make
the benefits of Industry 4.0 easier and
more cost-effective to harness. Desig
engineers can resort to a familiar cat-
alog of machine elements and at the
same time integrate additional sensor
functions into the product.

Additive Manufacturing of
Rolling Bearing Rings
Elsewhere, new manufacturing pro-
cesses favor potential innovations in
the field of machine elements. Additive
manufacturing is a case in point: A pro-
cess has been developed for selective
laser melting of M50NiL steel, which
is used, for example, in the high-tem-
perature bearings of the main shaft of
aircraft engines. Additive manufactur-
ing of the outer ring allows targeted and
efficient cooling of the bearing (Fig.8).
By separating cooling and lubrication,
the weight, coolant flow and operating
temperature of the bearing can be re-
duced and the efficiency of the engine

significantly increased (Ref. 11).

Future Applications
Based on the analysis of the previous
performance increase of machine ele-
ments in chapter 2, the confirmation
of a Moore’s law and the discussion
of examples which have enabled con-
tinuous performance or functionality
increases through continuous further
developments in the field of machine
elements, a look at the medium-term
future will now be taken on the basis
of an electric vehicle drive, because
electric vehicles will always require ma-
chine elements and in the vast majority
of cases also transmissions. If we take
Moore’s law as a basis for the continu-
ous increase in the maximum speed of
electric motors, which is driven by the
need for powerful and cost-optimized
drives with a simultaneous reduction in
magnetic material for both economic
and ecological reasons, we quickly rec-
ognize the growing challenges for roll-
ing bearings, seals, gear teeth and, not
least, lubricants. Rolling bearings, seals
and gear teeth must be upgraded to
cope with the increasing speeds in the
30,000 rpm range. The faster switching

Figure 8 Additively manufactured outer ring with integrated cooling channels (Ref. 11).

times of the converters must notlead to
spontaneous discharges as a result of
significantly greater voltage gradients
in the functional surfaces of gear teeth
or rolling bearings. In the case of the
intended joint cooling and lubrication
of the electric machine and reduction
gearbox, the lubricant must not age to
a significantly greater extent as a result
of the shorter thermal load changes
when passing through the drive system
and oil cooler; furthermore, the reliable
functioning of the lubricant must be en-
sured even at voltages in the kV range.
Last but not least, in order to meet the
demand for energy efficiency, further
work should be done on friction reduc-
tion, because the ecological leverage is
huge (Ref. 12).

Conclusion

Many developments that are described
in public as disruptive are based on the
constant progress in machine elements.
The next innovation push through the
digitization of machine elements is cur-
rently being prepared in basic research
(Ref.13). The measurement of previ-
ously hardly accessible quantities in
direct proximity to the process will lead
to a steady increase in new functions
at the system level. The ability to syn-
thesize architectures and topologies,
which, as shown in the previous sec-
tions, build on the improvement of ma-
chine elements to open up significant
functional progress at the system level,
must include the new possibilities of
machine elements in the education of
students. The future validity of Moore’s
law for machine elements requires that
the fundamentals be maintained or im-
proved; only then can technical prog-
ress be achieved as a necessary means
of solving the current environmental
challenges.
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Engineering at the TU Dresden
until 2007 and received his
Dr.-Ing. degree from ETH
Zurich at the Laboratory of
Composite Materials and
Adaptive Structures in 2011. After Post-doctoral
research within the Pioneer Fellowship Program at
ETH Zurich until 2012, he was Co-founder and head
of engineering at Monolitix AG. From 2014, he was
professor for mechatronic systems in mechanical
engineering at the chair of Engineering Design of
the department of Mechanical Engineering of the
Friedrich-Alexander-University Erlangen-Nuremberg.
In 2018 he was appointed professor for machine
elements and product development and head of the
Institute of Design Engineering and Drive Technology
at Chemnitz University of Technology.

Michael Hofer is currently a
Research Associate at the Gear
Research Center (FZG) at the
Technical University of Munich.
His research focus is on the
development of computational
models for gear boxes,
especially for planet gears with
consideration of the elastic
deformation of the gear wheel body. He studied
mechanical engineering at the Technical University
of Munich.

Prof. Dr.-Ing. Georg Jacobs studied Mechanical
Engineering with a major in Engineering Design at
the RWTH Aachen University
and received his Dr.-Ing. degree
at the Institute for Fluid Power
Drives and Controls (IHP, today
IFAS) in 1993. He then was
chief engineer at the institute
until 1996 when he began his
industry carrier at the Miiller
Weingarten AG. Later he worked
for Mannesmann Rexroth AG in Lohr and later for
Bosch Rexroth AG in Ulm in the end as Executive Vice
President R&D Business Division Hydraulics. In 2008
he was appointed professor at the RWTH Aachen
University and is today Head of the Institute for
Machine Elements and Systems Engineering (MSE)
and Director of the Chair for Wind Power Drives
(CWD).
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Steffen Puchtler is a research
associate at the Institute for
Product Development and
Machine Elements (pmd) at the
Technical University of Darmstadt.
His field of research is modeling
and simulation of electrical
characteristics of rolling bearings.
He graduated in Mechanical and Process Engineering
at the Technical University of Darmstadt.

Prof. Dr.-Ing. Berthold Schlecht
studied Mechanical Engineering
at the Universitat Duisburg,
Germany, and obtained his Dr.-
Ing. degree in 1993. He worked
for Krupp Fordertechnik, in the
end as Head of Design for Open
Pit Mining Technology. From
September 1999 to April 2002 he
was appointed Managing Director of Maschinen- und
Stahlbau Dresden and of Schlosser-Pfeiffer GmbH.
Since January 2001 he has held the Chair of Machine
Elements at the TU Dresden with specialization in
drive technology, fatigue strength calculation and
multibody system simulation.

Prof. Dr.-Ing. Karsten Stahl
studied Mechanical Engineering
at the Technical University of
Munich (TUM) and received
his Dr.-Ing. degree in 2001. He
joined the BMW group holding
management positions in
Dingolfing, Oxford and Munich.
In 2011 he was appointed
Chair of the Institute for Machine Elements, since
then he leads the Gear Research Center (FZG). His
research focuses on experimental, simulative and
analytical studies of fatigue strength, tribology,

NVH, materials and life analysis of gears and gear
elements with the aim of developing methods and
tools for reliable determination of life, efficiency

and vibration characteristics. Prof. Stahl is author

of several hundred scientific publications, board
member of several scientific associations, head of DIN
and ISO working groups, editor of several journals
and president of the VDI International Conference

on Gears.

Prof. Dr.-Ing. Michael Weigand
is full professor at Technical
University Wien in Vienna since
2008. Besides teaching Machine
Elements and Transmissions for
Aviation, his research covers
development of new helicopter
gearboxes (e.g. transmissions for
helicopter Ka-62 together with
Zorkler in Austria) and new concepts like transmissions
with variable ratio e.g. for new fast rotorcraft concepts.
He organizes the Working Group Aviation at Vienna
University of Technology and is representing Austria
in IFAR (International Forum for Aviation Research).

In IFAR he leads Initiative “Vertical Lift"in which 15
nations discuss future rotorcraft applications. Before
joining TU Wien Michael Weigand studied Mechanical
Engineering at TH Darmstadt (diploma 1985) and
finished his doctoral thesis 1991 also at TH Darmstadit.
He then worked for PL.V. transmission systems in
Germany and Taprogge Ges.mbH, a supplier of power
station equipment. From 2002 till 2007 he worked

for ZF Luftfahrttechnik GmbH in Kassel (Germany),
being responsible for several helicopter transmissions
including the Main Gearbox of the H-135 helicopter
of Airbus Helicopters and the business unit of test
stands for helicopter transmissions and helicopter
rotor blades.
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Improve Thermal Performance for Ironless

Brush DC and Brushless DC Motors

Daniel Muller, Application Engineer, Portescap

Designers of motor-driven systems
must account for thermal issues that
can hinder a system’s performance
and efficiency. As a motor converts
electrical energy into mechanical en-
ergy, power losses occur, and those
losses tend to be higher in magnitude
when the delivered mechanical power
is larger. Inside the motor, thermal en-
ergy creates a temperature rise that will
result in a heat transfer from warmer to
colder due to conduction and convec-
tion. Eventually the heat carries outside
the motor.

This article will examine heat trans-
fer and mitigation conditions and chal-
lenges for both ironless brushed and
brushless DC motors. Understanding
these considerations will help ensure
you select the best DC motor design for
your application.

Thermal Phenomena Dictates
Motor Performance
Electric motor manufacturers must
ensure that the internal temperature
of the motor never exceeds its various
components’ maximum allowable tem-
perature. Depending upon design and
materials used, the thermal phenom-
ena will dictate motor performance.
When it comes to improving perfor-
mance without overheating and dam-
aging internal components, designers

typically have two options:

e Minimize the losses: Improve power
conversion efficiency by generating
less heat for a given mechanical
power output, thus delivering greater
mechanical power without affecting
heat.

« Improve the motor’s ability to
dissipate heat by leading the
generated thermal energy to its
surrounding environment so that the
internal temperature rise lessens.
This allows greater thermal energy
creation for the same internal
temperature rise.

Heat transfer in a motor can be com-
pared to adding water to a bathtub that
is simultaneously leaking (Fig. 1).

Heat generation
(losses)

sl

AT

Thermal energy in motor

Max admissible temperature

Instant temperature

Ambient temperature

Heat dissipation

Figure 1

Water flow from the faucet corre-
sponds to the thermal energy gener-
ated inside the motor. As soon as water
collects in the bathtub, the pressure
at its bottom will cause water to leak,
similar to heat dissipation. The higher
the water level, the higher the pressure
at the tub’s bottom and, therefore, a
greater flow of leaking water.

Similarly, heat dissipation of a motor
is proportional to the delta between the
inside temperature of the motor and
the outside, or ambient, temperature.
But as water flow depends on the diam-
eter of the outlet hole, heat dissipation
also depends on thermal resistance,
which defines the difficulty involved in
transferring heat out of the motor. The
lower the thermal resistance, the easier
and faster the heat will carry outside the
motor, as shown in Equation 1:

(m

Tmotor —Lamb

p, dissipated = Rm
where:
P ussipaca Heat dissipation power (W)

Tootor M(otor internal temperature
K

T..,» Ambient temperature (K)
R,, Thermal resistance (K/W)

Heat transfer in a motor is analogous to adding water to a bathtub that is simultaneously leaking.

A bathtub has a finite capacity and
will overflow if its water level is ex-
ceeded. Similarly, motor components
have a given thermal capacity. When
the motor’s internal temperature ex-
ceeds a certain level, components can
suffer damage within seconds. The mo-
tor’s rated performance must also meet
the requirement of maintaining a tem-
perature within the allowable operating
range.

The coil is typically the motor’s most
critical component since this is where
Joule heating occurs. Excessive temper-
atures will cause the insulation coat-
ing around the copper wire to melt and
permanently harm the motor.

Steady-State Operation:
Ironless Brush DC Motors
A coreless brush DC motor is typically
designed as a self-supporting coil rotat-
ing in the air gap between a permanent
magnet and the housing, which are
both part of the stator.

The joule heating power produced
in the rotating coil is directly linked to
its electrical resistance and to the cur-
rent running through it. There is no iron
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loss since the rotor is ironless, as seen
in Equation 2:

Pioue+Rx P (2)
where:
P, Joule heating power

R Electricresistance of the coil (Q)

I Electric current flowing in the
coil (A), depending on the
torque constant of the motor
and on the load torque.

As the coil temperature rises, heat
transfers in two steps: from the coil to
the tube, and from the tube to the am-
bient environment (Fig.2). These two
steps have different thermal resistances
since individual materials have distinct
thermal conductivities, and the shape,
mass and surface area of each part also
influence heat transfer.

Heat generation and dissipa-
tion are balanced at steady-state.

Assuming the electrical current flow-
ing through the coil is not excessive, the
coil temperature will rise and the heat
dissipation will increase up to a point
where heat dissipation and heat gener-
ation will be balanced. At this point, the
thermal energy in the motor is constant
over time and component tempera-
tures will no longer vary.

Similar to the bathtub simultane-
ously losing exactly as much water per
second as the faucet is adding, the coil
stabilizes at a certain temperature as the
water level stabilizes at a given height.
Should the coil temperature be slightly
above this stabilized value, the slightly
increased dissipation power will allow
the temperature to return to the stabi-
lized value and reach steady state.

It is possible to calculate the steady
temperature of the coil as a function of

Ambient

f’/Tube

: 1©

[

+

Coil

+

+ ]
+

Figure2 Heat dissipation in a coreless brushed DC motor.

T o

coil —

Coil temperature over time
f(t)

Steady-state temperature

Temperature (°C)

Time (s)

Figure 3 The coil temperature stabilizes at a given temperature when the current is constant over time.
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the electric current, the electric resis-
tance, the thermal resistances and the
ambient temperature, since the heat
dissipation is balanced with heat cre-
ation at steady state (Eq. 3):

Tcnil - Tamh :Pd' ipated (3)
Ryy+ Ry~ 7
Tcoil =Rx 12 X (Rthl + Rth2) + Tamb

Plaule:RXIzz

Electrical resistance increases as
the temperature rises. Considering
that the electrical resistance of the coil
depends on its instant temperature,
and that the coil temperature is now
much higher than the ambient temper-
ature, the real electrical resistance of
the coil at a given temperature must be
taken into account (Eq. 4):

Rui=Rox(1+ax(Tw-22)) ¥
where:
Ri..i electrical resistance of coil (Q)

R,, electrical resistance of coil at

22°C (Q)
a temperature coefficient

of resistance for copper
(0.0039/°C)

T.n coil temperature (°C)

Over time, depending on the thermal
time constant, the coil temperature in-
crease slows down until it reaches its
final steady-state temperature (Fig.3).
If the electric current is now higher due
to, for example, a heavier torque load,
the coil stabilizes at a higher tempera-
ture. The highest acceptable stabilized
coil temperature must not exceed the
coil's maximum allowable tempera-
ture as specified by the copper wire
manufacturer. This defines a maximum
electric current value that can be back-
calculated with the previous formula,
which is usually referred to as “rated
current” or “maximum continuous cur-
rent” in motor specifications. Because
torque and current are proportional if
there isn’t saturation, it also defines the
“rated torque” or “maximum continu-
ous torque.”

Steady-State Operation:
Brushless DC Motor
Brushless motors use the same working
principle as brushed motors: Laplace
force applied to an electron moving in
amagnetic field. The brushless motor is
different in two ways: the coil is fixed in
the stator, and the permanent magnet

WWW.F’CIWERTRANSMISSIDN.CCIM]i


http://WWW.POWERTRANSMISSION.COM

rotates with the shaft. Phase commuta-  [th line Lamination stack
tion is performed electronically (Fig.4).

Iron losses also create heat inside
the motor. When a moving magnetic
field interacts with the stator, which
contains iron laminations in order
to close the magnetic field inside the
motor, iron losses occur. Iron losses
are caused by current circulating in the
lamination created by the magnetic flux
and create heatinside the stator, adding
to the joule heating already produced
in the coil. Since iron losses are pro-
portional to the motor speed, they can
be neglected at low speed. However,
they tend to become greater than Figyres Brushless DC motor construction.
joule losses at high speed. Therefore,
the torque must be kept lower at high Heat generation
speed.

Returning to the water analogy, the
bathtub would be supplied by two water
sources: one depicting joule losses and
the other iron losses (Fig. 5).

Brushless motors can reach much
higher speeds than brushed motors
because they are not limited by a me-
chanical brush-collector commutation
system. The split between the two heat- Instant temperature
ing sources can be seen as a trade-off Thermal energy in motor
between joule losses at high torque and
low speed, and iron losses at high speed
and low torque. However, the thermal
challenge remains the same: keep the Heat dissipation
coil temperature below its maximum,

allowable temperature. Figure5 A water analogy depicting heat transfer in a BLDC motor with dual heat sources.

Joule Iron
losses losses AT

Max admissible temperature

‘ | Ambient temperature

Thermal Resistance Impacts
Motor Performance
When heat travels from the coil to the
outside environment, one thermal re-
sistance is intrinsic to the motor design
and the other depends on both the mo- ' t@

tor’s design and surroundings. Creating
a contact between the motor and an-

other body having a high thermal con-

ductivity will help the motor dissipate

heat and operate at a cooler tempera-

ture. Options include:

o Wrapping the motor body with an
additional tube or sleeve.

o Adding an air flow around the motor
body to promote convection.

o Mounting the motor front face onto a
metallic body.

Depending on the configuration and
more importantly the material thermal
conductivity, those surrounding ele-
ments can either help or prevent the

Figure 6 Heat dissipation through external elements in contact with the motor body.
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motor from dissipating its heat to the
outside environment.

In most cases, a motor is installed on
metallic parts and mounted from its
front face onto a metal stand or frame.
The favorable thermal conductivity of
metal will help drain heat out of the
motor (Fig.6), providing better cooling
than surrounding the motor with air
only. For this reason, the thermal resis-
tance value can be modified to reflect
greater cooling capability. This modi-
fication will depend on the motor’s
mounting configuration in the appli-
cation as well as material, size, surface
area and thermal capacity. Similarly, a
bathtub with a larger outlet diameter
can drain water faster, without a higher
water level (or pressure) (Fig. 7).

While every application is different, a
good rule of thumb is to consider half
the Ry thermal resistance value in the
thermal calculation. This results in a
higher rated torque —and maximum
continuous torque — for the same max-

imum coil temperature.

Motor designers and manufactur-
ers like Portescap engage with custom-
ers early in their development process
to assess the dissipation capability of
a motor or a motor-gearbox assem-
bly—once installed in the applica-
tion —to ascertain the working condi-
tions and leverage the full potential of

the motorized system.

Heat generation

s

AT

Thermal energy in motor

Max admissible temperature

Instant temperature

Ambient temperature

Enhanced heat dissipation
(with lower thermal
resistance)

Figure7 A water analogy depicting increased heat dissipation due to lower thermal resistance. Because the

water level is lower, more torque can be used with more heat generation before the level reaches

its maximum allowable temperature.

Heat generation
(losses)

o

AT

Max admissible temperature

Instant temperature

Ambient temperature

l No heat

dissipation

Figure 8 A very high current is considered for a short time, to the extent that

designers neglect the dissipation.
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Peak Torque During Transient
Operation

Some applications require high torque
for a short duration only. Industrial
screwdrivers require speed during the
run-down phase and then peak torque
during the tightening phase which lasts
approximately a second or less. You
can supply a motor with an electric
current that exceeds the motor’s maxi-
mum continuous current as long as the
coil temperature does not exceed its
maximum allowable temperature. This
means that the duration of this opera-
tion should be limited.

In our parallel bathtub, the faucet
opens suddenly with a very strong flow
of water. The prevalent choice of con-
sidering a peak torque for a short du-
ration of just a few seconds typically
allows a designer to neglect the heat
dissipation due to its longer time con-
stant and consider the system adiabatic
(Fig. 8).

The water level quickly rises, and the
bathtub fills within seconds. Similarly,
the coil temperature will reach its max-
imum allowable temperature within
seconds. This formula gives the tem-
perature of the coil over time when heat
dissipation is neglected for a short time:

Rx ©)
C X+ Tumb
th

Tcai( t) =

where
t time (s)
C., Thermal capacity of the coil (J/K)

This shows that the thermal capacity
of the coil also matters. A higher ther-
mal capacity allows the coil to with-
stand a peak current for a longer time
or a higher peak current for the same
duration. Indeed, the larger a bathtub,
the longer it takes to fill.

Slotless brushless motors are particu-
larly well-suited motors for short peak
torques:

o The slotless stator design makes it
possible to reach hi%h torque with
high current, typically 10 times
the motor’s maximum continuous
torque with 10 times higher current.
Different slotted designs have the
torque limited due to magnetic
saturation, making such a high
current pointless as it pertains to
torque outcome.

« Slotless coil designs can accumulate
a large amount of thermal energy
thanks to their higher thermal
capacity.
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Motor suppliers should have an en-
gineering team that engages with cus-
tomers interested in peak torques to
help define the best solution, given
each application’s specific challenges.

Periodic Duty Cycle During

Transient Operation
In some cases, the application’s torque
requirement is a given torque profile
that is repeating over time. To some
extent, the highest torque during the
cycle can exceed the motor’s maximum
continuous torque, depending on the
torque profile and the duration of each
step in the cycle.

If the duration of one cycle, or repeat-
ing period, is significantly shorter than
the thermal time constant, designers
typically consider an equivalent con-
tinuous torque value, or current value,
that can be calculated as a quadratic
mean (RMS, root mean square), due to
joule heating being proportional to I*:

[ O)
IRMS = Tjo 15 (t)dt
where:

Irus Root mean square value of
the current (equivalent to a
continuous current, in terms of
heat generation) (A)

T Duration of a given duty cycle (s)
i(t) Instant electrical current (A)

Once the root mean square (RMS)
current is defined, it can be considered
a continuous value over time as long as
it is not greater than the motor’s maxi-
mum continuous torque. Remember
that the impact of the thermal resis-
tance — depending on the motor’s en-
vironment in the application—also
plays a role, since we are assimilating
this case to a steady-state operation
while still supposing the period of the
duty cycle is shorter than the thermal
time constant.

Brushless DC Motor with Active
Air Flow Cooling
Because heat management is key to a
motor’s performance, engineers have
found alternative ways to further im-
prove the way motors handle heat. For
example, some stator designs have an
integrated air path so that air flow can
carry heat away from the motor. This
would focus on the massive heat con-
vection inside the motor instead of re-

lying mainly on heat conduction. This
additional heat sink can be viewed as a
reduced thermal resistance as it helps
drain heat out of the motor.

In some cases, the air flow can be
driven by an external source such as
compressed air. But when the motor
is embedded in a portable device or
in any environment with no com-
pressed air available, a fan integrated
on the motor shaft can drive the airflow
through the motor body as it is operat-
ing. In this case, the higher the motor
speed, hence fan speed, the stronger
the airflow and the lower the thermal
resistance. Therefore, the torque capa-
bility of such motors can be surprisingly
higher at high speed than at low speed
since the heat dissipation is drastically
improved when the fan runs faster. This
is true, to some extent, because the fan
driving air applies a load torque to the
motor and eventually creates addi-
tional heat at very high speed.

For Related Articles Search

dc motors

at www.powertransmission.com

Look for a Motor Supplier That
Understands Your Challenges
When it comes to electric motor per-
formance, heat management is criti-
cal. Motors can be improved to address
many challenges, according to each ap-
plication’s duty cycle, environment and
critical success factors such as deliver-
ing the highest torque, highest speed,
best energy efficiency to prolong battery
life, or operating at the coolest possible
temperature. Be sure to seek a motor
supplier that offers extended support,
understands customers’ challenges and
can drive their customers’ success by
helping them choose the best fitting DC
motor for each application. PTE
www.portescap.com

Daniel Muller joined
Portescap in 2014 as an
application engineer, working
closely with customers from
various industries in Europe to
define motion solutions that
best meet their application
needs. He graduated from
the Ecole Nationale Supérieure en Génie des

\_ Systémes et de I'lnnovation in Nancy, France.
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When high torque gear failure is not
an option, engineers call on Spiroid.

Spiroid’s skew-axis,

high torque gears enable
world-class power density
in a small footprint.

HIGH TORQUE GEARING

Learn more at: SpiroidGearing.com e 320-762-7133
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Schaeffler

CELEBRATES 75™ ANNIVERSARY

It is one of the greatest “Made in Germany” success stories:
The global automotive and industrial supplier Schaeffler is
celebrating its 75th anniversary. Dr. Wilhelm Schaeffler and
his brother Dr.-Ing. E.h. Georg Schaeffler laid the foundation
for today’s company when they founded Industrie GmbH in
Herzogenaurach in 1946. This marked the starting point of a
company that today employs more than 83,900 employees at
around 200 locations in more than 50 countries. Three origi-
nally independent companies - INA, LuK and, FAG - grew
together to form a global technology leader with the DNA of
a family business. Accordingly, Schaeffler is celebrating 75
years of progress, technological innovation, and economic
success with a virtual anniversary ceremony for all its em-
ployees as well as selected industry and government guests.

4 )
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Success based on pioneering spirit,
innovations, and strategic acquisitions
From 1950 onwards, the company’s rapid rise was made pos-
sible by the cage-guided needle roller bearing, a brilliant inven-
tion by Dr.-Ing. E.h. Georg Schaeffler, which revolutionized mo-

tion and mobility in the automotive and industrial sectors.

This invention laid the foundation for the company’s con-
tinuing global success. In 1965, the Schaeffler brothers de-
cided to invest in LuK Lamellen und Kupplungsbau GmbH
in Biihl (Baden), where the Automotive Technologies di-
vision is now based. The company became a technologi-
cal leader with innovative products such as the diaphragm
spring clutch, dual-mass flywheel as well as a variety of en-
gine components. Since 1999, LuK has been a fully owned
entity of Schaeffler.

In 2001, Schaeffler took over FAG Kugelfischer Georg
Schiéfer AG in Schweinfurt, making Schaeffler the world’s
second-largest manufacturer of rolling bearings. The suc-
cessful IPO of Schaeffler AG followed in 2015. Today, the
three product brands INA, LuK, and FAG are united under
the Schaeffler corporate brand.

“Schaeffler’s pioneering spirit has always been crucial to
the success of the company. Even throughout its challenging
phases, the company has demonstrated a high degree of re-
silience and a constant willingness to view profound change
as an opportunity. As shareholders, we are particularly
aware that this success, spanning several decades, is primar-
ily driven by our committed employees around the globe, as

4@ Power Transmission Engineering—[ 2022

well as our customers and suppliers,” explains Georg F. W.
Schaeftler, family shareholder and chairman of the supervi-
sory board of Schaeffler AG.

Transparent and scientific handling of the
company’s history

To mark the company’s anniversary, the Schaeffler fam-
ily arranged for their history, which is inextricably linked
to the company’s history, to be systematically researched.
To that end, the family successfully engaged the services of
renowned historian Prof. Dr. Gregor Schollgen. As part of
the anniversary celebrations, Schaeffler is presenting the re-
sults of the research, which also covers the period prior to
the company’s founding in 1946, on a newly designed web-
site that showcases not only the history, but also the people
and the technological innovations they represent (link be-
low). The comprehensive description and analysis entitled
“Schaeffler. A biography of a family and their company” by
Prof. Dr. Schollgen will be released by the publishing house
Deutsche Verlags-Anstalt in early December.

“Schaeffler has always demonstrated an extraordinary ca-
pacity for innovation and a high level of social responsibil-
ity,” says Prof. Dr. Schollgen. “The curiosity and future-ori-
ented focus that drove the two founders still remain the key
strengths of this traditional family company today.”

Establishment of the Schaeffler Foundation
To mark Schaeftler’s 75th anniversary, Schaetfler AG and IHO
Holding are establishing the Schaeffler Foundation in an ef-
fort to emphasize the social responsibility of the Schaeffler
Group and its family shareholders. The Schaeffler Foundation
will receive an initial foundation capital of 3 million euros,
which will be established in equal parts by Schaeffler AG and
IHO Holding. This capital will be increased each year through
additional donations, in combination with the simultaneous
incorporation of existing activities, such as the Schaeffler FAG
Foundation. The Foundation will be active worldwide and
concentrate primarily on three focus areas: 1) Climate and
Environmental Protection, 2) Research and Science, and 3)
Education, Qualification and Equal Opportunity.

With its Roadmap 2025, the Schaeffler Group has clearly
positioned itself strategically with a view to the future. It con-
sistently focuses the company, with its three divisions, on
transformation in ten customer sectors in order to remain
the preferred technology partner for its customers in the fu-
ture. Sustainability and digitalization are at the center, sup-
ported by five focus areas around topics such as CO,-efficient
drives and renewable energies.

“As long as there is motion, there will be Schaeffler. At
Schaeffler, innovation, quality, an understanding of systems,
and manufacturing excellence combine to form a common
and strength. With this strength and the DNA of the family-
owned company, we are optimally equipped for the future,’
says Klaus Rosenfeld, CEO of Schaeffler AG.

www.schaeffler.com/history
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Atlanta Gear Works

GROWS TEAM WITH GEORGIA TECH GRADUATE

Atlanta Gear Works has grown its
engineering team — again — with
its first Georgia Tech gradu-
ate, COrinna Draghi. Draghi
comes with two other firsts for
the company: she’s the first wom-
an engineer and the first with a
degree in aerospace engineering.

Draghi’s first full-time job after
graduation was as a mechani-
cal engineer working with the
inventor of the directly driven
centrifugal shot-blast wheel. Her responsibilities included
2D- and 3D-mechanical design and project management
of custom-designed heavy industrial shot-blasting machin-
ery used for finishing structural rebar, propane tanks, heavy
earth-moving equipment components and other steel and
aluminum components requiring a specific finish.

In addition to hands-on experience and knowledge of fab-
rication and fit-up processes for heavy industrial machinery,
she wrote reference and maintenance manuals, cost analy-
ses and multi-million-dollar quotes.

“I learned a lot about hardware and grades of steel and
spent a lot of time in steel mills,” she said. “All of that is appli-
cable to what we do at Atlanta Gear Works.”

In reality, her mechanical engineering training started in
childhood.

“I grew up with a machine shop in my basement,” she
said, referring to the shop her father operated in the base-
ment of the family home, manufacturing labeling and fill-
ing machines for chemical companies that use bottles and
CONveyors.

“He built everything from memory,” she said. “Ironically,
what I didn’t know as a child was that he was also doing gear-
box repair”

Draghi joined AGW during the pandemic and immedi-
ately took advantage of every opportunity offered to her.
Since joining the company, she has achieved OSHA certifi-
cation and was a speaker on the Women in Manufacturing
panel at the AGMA 2021 Motion & Power Technology Expo
in St. Louis in September.

“I was impressed with her mix of hands-on experience
and mechanical design/CAD capabilities,” said Chris Dale,
VP-Engineering at AGW. “Rarely do we find an engineer who
has both gear and gearbox experience. Since we know we
will have to train them, we look for someone who is willing
to learn and will fit in with our family of engineers.”

Atlantagear.com

Piezo Motion and
iMotion Inc.

ANNOUNCE DISTRIBUTION PARTNERSHIP

Piezo Motion and iMotion Inc. together announce a distri-
bution partnership. Piezo Motion is a developer and leading
manufacturer of precision motor technology. iMotion Inc.,
based in Colorado, is a manufacturer’s representative serv-
ing leading original equipment manufacturers (“OEMs”) for
over 15 years.

Piezo Motion’s unique technology will enable iMotion to
provide their customers with unmatched accuracy in a com-
pact motor. Piezo Motion’s multifaceted rotary and linear
motors are built to provide a stable, accurate motor that is
designed specifically for OEMs that require ultimate speed,
size and accuracy.

“The value of the Piezo Motion’s unique technology fills
a big gap in the market,” explains Darl Gagliano, president
of iMotion. “With traditional piezo technology, the cost was
always a factor. What is exciting is Piezo Motion brings this
technology into a cost-competitive mode. We are very ex-
cited for this partnership.”

Piezo Motion motors are used globally for a variety of ap-
plications. These include laboratory instruments, biomedi-
cine, optics, semiconductors, nanotechnology industries,
and industrial electronic and automotive systems, along
with an expanding portfolio of products that combine per-
formance with dramatically lower cost over conventional
piezo solutions.

“We are thrilled that Piezo Motion’s distribution network
continues to grow and this partnership will provide local ser-
vice to major OEMs,” said Hassan Kotob, chairman and CEO
of Brain Scientific. “Piezo Motion’s technology continues to
disrupt the market, and we are pleased to have iMotion’s ex-
pertise to further expand our reach.”

Piezomotion.com

FEBRUARY ]7P0wer Transmission Engineering 41



INDUSTRY NETH|

CC-Link

REACHES MILESTONE FOR OPEN INDUSTRIAL NETWORK
COMMUNICATION

The CC-Link Partner Association (CLPA) has reached new
heights in its aim to promote and advance state-of-the-art
open industrial communications technologies. With over
4,000 active members currently enrolled, the organization
offers a clear example of the key role that industrial partner-
ships play in the successful creation of smart factories, also
known as e-F@ctories.

The CLPA, one of the fastest growing industrial automation
technology organizations in the world, is well-known for de-
veloping the CC-Link IE family of open industrial networks,
which are specifically designed to enable digital manufac-
turing strategies at the core of the e-F@ctories of the future.

The high quality and advanced technologies leveraged by
the CC-Link IE range, which drive next-level performance
and functionality in automation devices, is one of the main
reasons behind the association’s continuous worldwide ex-
pansion over the years. In effect, product vendors can rely
on proven industrial communications solutions while users
can benefit from a broad range from certified, interoperable
automation components.

In particular, the open industrial network technologies
offered by the CLPA are used as default within the entire
Mitsubishi Electric portfolio. Therefore, businesses can de-
velop automation solutions that are compatible with those of
a leading industry giant. Also, they can benefit from its sup-
port to drive sales by means of global marketing activities of-
fered through the company’s e-F@ctory Alliance.

Roy Kok, senior partnerships and alliance specialist at
CLPA, comments: “We couldn’t be prouder to see our orga-
nization becoming increasingly popular as well as our so-
lutions being broadly adopted to support futureproof digi-
tal transformation strategies. As we continue to add more
partners and users, we look forward to helping companies
worldwide create highly interconnected e-F@ctory systems
that drive productivity.”

www.cc-link.org/en/clpa/members/index.html
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Siemens Digital
EXPANDS COLLABORATION WITH AWS FOR CLOUD-BASED
DIGITAL TRANSFORMATION

Siemens Digital Industries Software and Amazon Web Ser-
vices, Inc. (AWS) have announced an expansion of their
collaboration, which combines Siemens’ deep industry
expertise with cloud services from AWS to help industrial
companies accelerate digital transformation in the cloud.
Together, AWS and Siemens plan to drive adoption of Sie-
mens’ Xcelerator as a Service and make Siemens’ Xcelera-
tor portfolio of integrated software, services, and application
development platform more accessible, scalable, and flex-
ible. Xcelerator as a Service acts as a catalyst for fast and pre-
dictable digital transformation—including by gaining new
manufacturing insights, automating processes, and deploy-
ing connected services—and offers customizable solutions
for any starting point on the digital journey.

“Siemens and AWS are coming together to help companies
speed engineering efforts, optimize factory operations, and
enhance customer experiences from chip to edge to cloud,
said Tony Hemmelgarn, president and chief executive offi-
cer at Siemens Digital Industries Software. “We're excited to
combine our proven cloud and industrial experience in this
expanded partnership and simplify the journey for our mu-
tual customers to become digital enterprises.”

The strategic collaboration agreement between AWS and
Siemens will see the companies cooperate to support cus-
tomers; expand cloud capabilities in Siemens’ Xcelerator
as a Service portfolio; explore opportunities for innovation;
and develop and take to market new solutions. One area of
collaboration is digital twin technology, where Siemens and
AWS will accelerate adoption and democratize new digital
twin solutions using AWS IoT TwinMaker, a newly launched
AWS service that makes it faster and easier to create digi-
tal twins that incorporate multiple data sources. Siemens'
Xcelerator portfolio is already integrated with over 60 AWS
services, and with the addition of AWS IoT TwinMaker, cus-
tomers can apply AWS IoTTwinMaker to develop increas-
ingly powerful digital twin solutions that are compatible with
Siemens’ design, simulation and manufacturing software.

“Working together, Siemens and AWS will make it easier
for industrial customers to use Siemens’ comprehensive dig-
ital twin technology and AWS'’s cloud services to deliver new
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manufacturing insights, automation, and connected ser-
vices,” said Bill Vass, vice president of engineering at AWS.
“Together, we'll bring new cloud-based digital transforma-
tion solutions to market that will help companies of any size
address industrial complexity and turn it into competitive
advantage.”

WWW.SW.Siemens.com

Xometry

ACQUIRES THOMAS

Xometry has announced the acquisition of Thomas (Thomas-
net.com), aleader in product sourcing, supplier selection and
digital marketing solutions. The cash and stock transaction,
valued at $300 million, is expected to close this week. Xom-
etry’s rapidly growing digital marketplace provides real-time
access to global manufacturing capacity and demand, help-
ing accelerate the digitization of the manufacturing industry.

Nometry

The acquisition of Thomas is expected to rapidly expand
Xometry’'s buyer and seller base, significantly enhancing
Xometry’s global digital marketplace for manufacturers.
Xometry also expects to leverage Thomas' marketing and
data services to deliver an unmatched suite of end-to-end
services for sellers with additional fintech and digital mar-
keting products.

“Xometry and Thomas share a common mission of cham-
pioning the digital transformation of the manufacturing
industry, one of the largest sectors of the global economy
and the foundation for innovation everywhere,” said Randy
Altschuler, CEO of Xometry. “Thomas brings strong brand
equity, trusted and extensive relationships, proprietary data
and advanced full-funnel marketing services - assets that
perfectly complement our digital marketplace. Together, we
will introduce new services, cross-sell to our combined base
and expand our suite of products, particularly in fintech and
digital marketing.”

“Thomas has a long and proud history of bringing active
buyers and sellers together on our Thomasnet.com plat-
form and providing the data and marketing services that
inform decision-making,” said Tony Uphoff, President and
Chief Executive Officer of Thomas. “In joining forces with
Xometry, we're uniting our products with the power of the
Xometry marketplace so we can do even more for industry
together”

Anindustryleader in on-demand manufacturing, Xometry
connects enterprise buyers across industries such as aero-
space, consumer products, defense, industrial, automotive,
medical, energy, robotics, green-tech and more with sellers
of custom-manufactured parts worldwide. At the end of Q3
2021, Xometry had 26,187 active buyers, including nearly
30% of the Fortune 500. Leveraging Al and machine-learning

technology, the Xometry marketplace provides immediate
pricing, delivery lead times and quality assurance in a highly
fragmented environment, as well as a suite of financial prod-
ucts that enable manufacturers to grow their businesses.
Thomas brings deep relationships with highly qualified
enterprise buyers and engineers. The company’s industry
leading Thomasnet.com platform boasts more than 1.3 mil-
lion registered users (including 93 percent of Fortune 1000
companies) and more than 500,000 commercial and indus-
trial sellers, including 45,000 diversity certified sellers. Every
year, more than 20 million sourcing sessions are initiated on
Thomasnet.com, generating extensive first-party buyer in-
tent data across multiple sectors.
Xometry.com

Regal Rexnord

ACQUIRES ARROWHEAD SYSTEMS

Regal Rexnord recently announced that it has completed the
strategic acquisition of Arrowhead Systems (“Arrowhead”),
based in Oshkosh, Wis.

Arrowhead is a global leader in providing industrial pro-
cess automation solutions, including conveyors, palletizers
and depalletizers to the food and beverage, aluminum can
and consumer staples (household goods, hygiene products,
among others) industries. Arrowhead’s broad and deep ca-
pabilities in palletizing and conveying include a full suite of
aftermarket services and solutions, which have been aug-
mented through robust digitization investments to support
industrial internet of things (IIoT), artificial intelligence (AI)
and predictive maintenance capabilities.

\
ARROWHEAD SYSTEMS LLC

A Regal Rexnord Company

Commenting on the transaction, Regal Rexnord CEO,
Louis Pinkham, said, “Strategically, Arrowhead is everything
Regal Rexnord looks for in an acquisition. It increases our ex-
posure to attractive, high-growth end applications. In addi-
tion, its highly engineered products and solutions, including
digital capabilities, are differentiated and highly valued by
its customers. Arrowhead’s growth strategy is also consistent
with our mindset of driving innovation with purpose — pur-
poseful for our customers and for our planet— considering
its offering directly supports rising consumer demand for
more environmentally friendly packaging, particularly a mi-
gration away from single-use plastics to aluminum cans.

“Regal Rexnord and Arrowhead have highly complementary
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offerings that are expected to deliver enormous value to our
customers. We are particularly excited about the complemen-
tary nature of Arrowhead and our ModSort modular transfer
and diverter stations, which are fast becoming important ‘last-
mile’ components in e-commerce warehouse applications,
but have much broader applicability in other end uses,
including those where Arrowhead focuses,” added Pinkham.
Regal Rexnord’s innovative ModSort modular transfer and
diverter stations can be easily added into new or existing con-
veyor systems to provide high-precision, 360-degree steering
functionality for very lightweight items, such as polybags.
ModSort modules, along with Regal Rexnord’s offerings
of conveyor belts, chains, guides and components —now
coupled with Arrowhead’s conveying and palletizing sub-
systems and its design, fabrication and assembly capabili-
ties — position the company to offer more value-added so-
lutions to its customers, and do so in a broader array of end
applications.
www.regalrexnolrd.com

Motion

COMPLETES ACQUISITION OF KAMAN DISTRIBUTION
GROUP

Motion Industries, Inc. has completed the purchase of Ka-
man Distribution Group for a purchase price of approxi-
mately $1.3 billion in cash, effective January 3, 2022.

The strategic addition of KDG to Motion will significantly
boost the latter’s concenration in core industrial products
and services as well as in the growing technical/automation
arenas, including precision engineering. As a leading power
transmission, automation and fluid power industrial distrib-
utor and solutions organization with operations through-
out the U.S., KDG provides electro-mechanical products,
bearings, power transmission, motion control and electri-
cal and fluid power components to MRO and OEM custom-
ers. Headquartered in Bloomfield, Connecticut, KDG’s 1,700
employees serve more than 50,000 customers.
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“It’s a very exciting time; this transformative move will be
highly beneficial to everyone involved, especially for cus-
tomers of our combined entities,” said Motion President
Randy Breaux. “Our customer service will be the best it’s
ever been with deepened and expanded capabilities. In ad-
dition, KDG shares many of our same cultural beliefs, prin-
ciples and ambitions, including our commitment to provid-
ing superior service and value to our customers. We look
forward to welcoming the highly talented KDG associates to
the Motion team.”

www.motion.com

Nook Industries

SELLS FAMILY BUSINESS TO ALTRA INDUSTRIAL MOTION
CORP.

Nook Industries, Inc. has announced that it has sold the
family-owned business to Braintree, Massachusetts based
Altra Industrial Motion Corp. The Nook business, which
will be integrated into Altra’s Thomson operating company
in its Automation & Specialty (“A&S”) segment, expands the

IINOOK.

breadth of Altra’s linear products offering. Altra was deemed
an excellent strategic fit as the Nook family evaluated poten-
tial suitors to acquire the 52-year-old business founded by
Joseph H. Nook Jr. in 1969.

“The Nook family is pleased to have found a strong stra-
tegic buyer with a history of not only preserving, but also
building upon the products, brand equity and core compe-
tencies of their acquisitions. We are excited about the tre-
mendous opportunities created by joining Altra’s industry
leading suite of motion control products and brands. It was
important for us to find a buyer that would build upon my
father’s legacy” said Joseph H. Nook III, Nook’s chief execu-
tive officer and president. “We also want to thank the Nook
employees, past and present, that helped build my father’s
dream into the Company it is today. Our family will be for-
ever grateful to the dedicated and hard-working employees
of Nook Industries.”

KeyBanc Capital Markets, Inc. acted as financial advisor
to Nook and Calfee, Halter & Griswold LLP served as legal
advisor.

N

www.altramotion.com
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March 5-12—1EEE Aerospace
Conference 2022
Big Sky, Montana. The International IEEE Aerospace
Conference, with AIAA and PHM Society as technical
cosponsors, is organized to promote interdisciplinary
understanding of aerospace systems, their underlying
science and technology, and their applications to govern-
ment and commercial endeavors. The annual, week-long
conference is set in a stimulating and thought-provoking
environment. The 2022 conference will be the 43rd
in the series. Plenary sessions feature internationally
prominent researchers working on frontiers of science
and engineering that may significantly impact the
world we live in. Registrants are briefed on cutting edge
technologies emerging from and intersecting with their
disciplines. Each year, a large number of presentations are
given by professionals distinguished in their fields and by
high-ranking members of the government and military.
www.aeroconf.org.

March 16-18—EPTDA Annual
Convention 2022
Warsaw, Poland. EPTDA’s Annual Convention is highly
acclaimed by PT/MC professionals as the leading event in
the industry, providing outstanding time- and cost-saving
solutions for expanding business networks and enhancing
knowledge. The event attracts 350—400 entrepreneurs
and leaders of well-respected PT/MC distributor and
manufacturer companies, together with their guests.
Offering invaluable opportunities to network with peers
and potential contacts, both formally and informally,
this renowned event also presents inspiring and thought-
provoking educational programs and business case
studies for the member and non-member attendees.
www.eptda.org/event/eptda-2022-abc-warsaw/

March 21-24—-Gear Dynamics and
Gear Noise Short Course 2022
Columbus, Ohio. The purpose of this unique short course
is to provide a better understanding of the mechanisms
of gear noise generation, methods by which gear noise
is measured and predicted, and techniques employed in
gear noise and vibration reduction. Over the past 40+
years about 2,450 engineers and technicians from over 380
companies have attended the Gear Noise Short Course.
The course is of particular interest to engineers and
technicians involved in the analysis, manufacture, design
specification, or utilization of simple and complex gear
systems. Industries that find this course helpful include
the automotive, transportation, wind-energy, process
machinery, aircraft, appliance, general manufacturing, and
all gear manufacturers. The course material is covered in
such a way that the fundamentals of gearing, gear dynamics,
noise analysis and measurements are covered first. This
makes the course appropriate to the gear designer with
minimal knowledge of noise and vibration analysis as well
as to the noise specialist with little knowledge of gears.
www.nvhgear.org.

March 22-24—Gearbox CSI

Concordville, PA. A good understanding of individual

failure modes and the failure scenarios that led to the

actual system failure is an essential skill to designing

gear/bearing systems that will operate properly for their

full design life. In this course, instructors will define and

explain the nature of many gear and bearing failures and

discuss and describe various actual failure scenarios. In

addition, a detailed primer on bearing technology prefaces

the failure scenario discussions. Attendees will gain a better

understanding of various types of gears and bearings.

www.agma.org/education/advanced-courses/2022-
gearbox-csi/.

April 4-8—AGMA Basic Training

for Gear Manufacturing - Spring

Chicago, IL. Learn the fundamentals of gear manufactur-

ing in this hands-on course. Gain an understanding of

gearing and nomenclature, principles of inspection, gear

manufacturing methods, and hobbing and shaping. Utilizing

manual machines, develop a deeper breadth of perspective

and understanding of the process and physics of mak-

ing a gear as well as the ability to apply this knowledge

in working with CNC equipment commonly in use.

www.agma.org/education/advanced-courses/2022-
basic-training-for-gear-manufacturing-spring/

April 25-29—Hannover Messe 2022
Hannover, Germany. Hannover Messe 2022 focuses on
industrial transformation, which is driven by two mega-
trends: digitalization of industry and a reduction of C02
emissons. Digitization covers topics such as networking,
data analytics, the Internet of Things, platforms, artificial
intelligence and IT security. Companies that want to remain
globally competitive must take advantage of digitalization
to develop, manufacture and sell products faster and more
efficiently. In Hanover, companies from the electrical en-
gineering, mechanical and plant engineering, software and
IT sectors will be demonstrating how the automation and
digitalization of entire production and business processes
can succeed. Innovative solutions enable industry to react
responsibly to growing political and social debates about
environmental protection. At Hannover Messe, companies
from the energy sector, among others, will be presenting
how industrial companies can significantly reduce their
energy consumption and CO2 emissions. With these future
technologies, industry makes a significant contribution
to reaching national and international climate goals.
www.hannovermesse.de
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/" CALL FOR PAPERS! )

Are you sitting on an idea for a
technical paper but wondering
where to present it? Do you
have one already written,
sitting on your desk, gathering
machine dust?

How about Power Transmission
Engineering? We are always
looking for gearing- and power
transmission component-
relevant technical papers for
publication in the magazine
and in its digital version.
Having your work appear in
Power Transmission Engineering
guarantees you an audience

of the most experienced and
discriminating industry players.
You say your work has not
been peer-reviewed? Not a
problem, as we are lucky—and
thankful—to have on-hand
some of the most experienced
and brilliant minds in the
industry—our technical editors.
So if your work “passes muster”
and is published, you'll know
you were reviewed by the
best—and most demanding.

Chances are you'll be creating
the paper under the auspices
of the company for whom you
work or own, or for one of
the various industry-relevant
associations. That means
they as well will bask in the
reflected glory that accrues
with publication in Power
Transmission Engineering.

For publication guidelines
and more information, please
contact Randy Stott at

stott@agma.org j
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POWER PLAY

Motorizing a Hand-Cranked

Street Organ

Joseph L. Hazelton, Contributing Editor

Ron Walters became interested in hand-
cranked street organs when he saw one play-
iNg in a video. He summed up his reaction with: “How
cool is that”

He wasn’t interested in just listening to the organ, though.
He wanted to build one — and motorize it. He wanted to take
the organ, a mechanical device, and make it more mechani-
cal by adding power transmission components.

A hand-cranked street organ is, of course, a
pneumatic device. But, it’s also a mechanical de-

vice. Its parts include bearings, clutches, and a
drive system that consists of a belt and two pulleys.

Adding more power transmission parts was nat-
ural for Walters. Although retired for 25 years, he
spent his professional career as a mechanical en-
gineer. “I've been building stuff all my life,” he said.

Walters decided to build a specific type of street
organ, a John Smith Senior 20. Now, playing a
Senior 20 manually is straightforward. You turn
the organ’s handwheel, which operates two bel-

Ron Walters built a type of hand-cranked street organ that’s
called a John Smith Senior 20 organ. He also motorized it
by adding power transmission parts.

see the video: https://youtu.be/LuxJI20DBOM

lows. They accumulate air, compress it, and force
it into a regulator. The regulator uses that air to
pressurize a box.

Inside the box is the organ’s music roll, a strip of perfo-
rated paper wrapped around a spool. There’s also a second
spool for taking up the roll as it’s played. When played, the
roll moves from one spool to the other, passing over a tracker
bar. Connected to this bar are 20 hoses, each one leading to an
organ pipe. Working together, the roll and bar release pressur-
ized air through one or more pipes at a time, playing the organ’s
music.

To motorize this process, Walters installed a 24-volt DC
motor inside the organ’s case, running the motor at just 12
volts. He also installed a motor controller.

Normally, as a manual machine, a Senior 20 has one belt
drive, which is for the music roll’s rewind mechanism. The
rewind drive is on the organ’s back panel and has two pul-
leys, one manually driven, for rewinding the music roll.

To motorize the organ, Walters created a second belt drive,
one with three pulleys. The drive pulley is connected to
the DC motor. The driven pulley is the organ’s handwheel.
And the third pulley is an idler, which redirects the belt so it
doesn’t rub against a nearby part.

However, Walters wanted the motor to play the music and
rewind it. So, he made a ‘rewind’ belt that loops around the
rewind mechanism’s two pulleys and around the motor’s
pulley, and he installed his motor controller with a forward/
reverse switch. Also, for up-tempo playing of the music, the
controller includes a speed control.
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To play the music roll, you loop a second,
longer belt around the motor’s pulley, the
handwheel, and the idler pulley. Then, you flip the forward/
reverse switch to its forward setting.

To rewind the roll, you take off the ‘play’ belt and put on
the shorter rewind belt. You disengage the mechanism’s
clutch by pushing down on the clutch’s lever and pulling it
towards you. At that point, the take-up spool can spin freely;
the musicroll can be rewound. Then, you flip the switch to its
reverse setting. To re-engage the clutch, you push the lever
away from you.

Walters powers the motor with a 12-volt battery that he
keeps in a small, wooden box. He connects the motor and
battery by taking the organ’s power cord and plugging it into
the battery box’s electrical socket.

To modify his Senior 20s, Walters used his imagina-
tion and drew on his experience as a mechanical engineer.
To build them, he worked from plans bought on the web.
However, he described the plans as not detailed. So, to help
other builders, he created a series of videos for his YouTube
channel, Ronald Walters, which is at www.youtube.com/c/
RonaldWalters2010. The series is 33 videos, a step-by-step
process for making a Senior 20. He also created seven other
videos on motorizing the organ.

Today, Walters keeps his Senior 20s in his backyard work-
shop, but he’ll take friends out there and play the organs for
them. That's when the benefit of motorizing them is clear.
“It’s quite easy to just turn it on and let it play for somebody,”
Walters said. PTE
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