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The best protection

you may never need

‘ ‘ Brother Gearmotor makes such an
outstanding product that they offer
a 5-year limited warranty...we've
never had to use the warranty.

RYAN MILLER,
Owner and Engineer Manager
Southeastern Technology Automation

Brother leads the way, by shielding its entire line of standard gearmotors with the industry’s
best warranty. No matter how far the journey or how rough the path, rest assured you've

got the protection you need right “at your side.”

Il f i
Call us today for a at your side

sample gearmotor
to try out. 866.523.6283

BrotherGearmotors.com
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Wind turbines are being installed

on the high seas with nacelle

heights of more than 100 meters

and rotor diameters of nearly 170

meters. This increases both the

electricity yield and economic

efficiency. Freudenberg is aiding wind power’s conquest
with high performance components and materials.

powertransmission.com/blogs/1-revolutions/
post/8798-freudenberg-aids-high-flying-wind-farm

According to his Dew Tour
online profile, Oskar Rozenberg,
or Oski as he prefers, comes to
the skateboard world by way

of Sweden where the first thing
people typically think of when
you say “skate” is ice.

powertransmission.com/
blogs/1-revolutions/post/8788-
skf-has-professional-skater-
covered
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We’'ve Got

You Covered

Our goal with Power Transmission Engineering is to provide
you with the most complete coverage of mechanical power
transmission and motion control systems available anywhere.
We home in on the details of the components that make things
move to give you the best possible resource, whether you are
a designer, buyer or end user of machinery for virtually any
industry that uses power transmission components.

I'm pleased to say this issue has a little bit of something
for everyone.

Starting with our focus on aerospace, we've taken a look
at several key suppliers who provided the moving compo-
nents for the Mars Perseverance Rover. Read Senior Editor
Matt Jaster’s article on page 32 to learn more about how
Forest City Gear, maxon and Cobham Advanced Electronic
Solutions all contributed motion components to this com-
plex project where failure was not an option.

With Pack Expo right around the corner (October 23-26
in Chicago), we also have a focus this issue on packaging
equipment. Bosch Rexroth has provided an excellent look
at how smart mechatronic systems are helping provide
plug-and-play systems for packaging machinery develop-
ers (p. 22). Also, we invite you to take a look at Senior Editor
Aaron Fagan’s Pack Expo preview (p. 26), highlighting many
of the power transmission component suppliers who will be
exhibiting at this year’s show.

We also have some really solid technical content this
issue, starting with “Noises in the Night,” by our regular con-
tributor and motion control expert, Don Labriola. In his arti-
cle, Don details the causes of electric motor noise and what
can be done to reduce it (p. 38).

We're pleased to welcome back Norm Parker, who has
been contributing to the “Bearings Blog with Norm” feature

6 Power Transmission Engineeringg[ 2022
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on our website since 2014. In his current article, Parker takes
an in-depth look at bearing thermal speed rating and deci-
phering the differences between the standards and manu-
facturer catalog definitions (p. 42).

Lastly, we've got a serious research study from WZL-
RWTH Aachen on the calculation of dynamic tooth root
stresses in gears (p. 46).

Of course, that’s not all. As always, we round out our cov-
erage in our news sections by providing information on the
latest technology from leading suppliers of power transmis-
sion components so that you can make informed decisions
when it comes to buying or specifying the right gearboxes,
couplings, motors and more.

Last issue, I implored you to consider writing for us. We're
working hard to continue developing our roster of experts,
and those efforts are definitely beginning to pay off. But
I'd like to reiterate that suggestion by pointing you toward
our 2023 Editorial Calendar and Contributor’s Guidelines,
which you can find online at powertransmission.com/
adinfo. We welcome your contributions. Maybe next issue,
you'll be one of the experts I'm talking about here.

Fo it

P.S. If you found this issue’s content o be inter-
esting, helpful and important to you, | urge you

to renew your subscription by visiting
powertransmission.com/subscribe2022.
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Force Control

CRANE BRAKES ELIMINATE DOWNTIME

Force Control Industries presents a
maintenance-free, no-adjustment crane
brake that virtually eliminates crane
downtime as well as the need to perform
maintenance and adjustment at height.
The MagnaShear motor brake employs
oil shear technology, providing longer
service life in demanding applications
like the frequent start/stop cycles seen
on cranes, hoists, and winches. Proven
oil shear technology transmits torque
between lubricated surfaces—thereby
eliminating wear on friction surfaces. A
patented fluid recirculation system dis-
sipates heat—eliminating heat build-
up which is the most common problem
in dry braking systems. Elimination of
the wear significantly increases service
life and virtually eliminates adjustment
which also elongates maintenance
intervals. MagnaShear Oil Shear Crane
Brakes are proven in demanding appli-
cations like anodizing plants, found-
ries, critical-line manufacturing plants,
and more.

The oil shear technology also pro-
vides a smooth “cushioned” stop
which reduces shock to the drive sys-
tem, further extending service life of
downstream components.

The totally enclosed MagnaShear
brakes are impervious to moisture, dirt
and dust that is common in concrete
block plants as well as asphalt shingle
manufacturing, coal, bulk materials
handling, forest products manufactur-
ing, and more.

How Oil Shear Works
Unlike dry brakes, oil shear tech-
nology includes a layer of automatic
transmission fluid between the brake
disc and the drive plate. As the fluid
is compressed, the fluid molecules
shear—thus imparting torque to the
other side. This torque transmission
causes the rotating discs to deceler-
ate against the stationary plates bring-
ing them down to stop. Since most of
the work is done by the fluid particles

8 Power Transmission Engineeringg[ 2022

in shear, wear is virtually eliminated.
Elimination of wear also eliminates
the need for adjustments which are
common for dry braking systems.

In addition to transmitting torque,
a patented fluid recirculation system
helps to dissipate heat which is the
major problem with traditional dry
brakes. Along with heat removal and
torque transmission, the fluid serves to
continually lubricate all components
of the oil shear brake, elongating their
service life. MagnaShear brakes with oil
shear technology provide significantly
longer service life, characterized by vir-
tually maintenance-free operations.

Suitable for a Wide Range of
Motor Sizes

These proven motor brakes are avail-
able to accommodate a wide range of
applications. Spring set torque ratings
from three to 1,250 foot-pounds are
available. MagnaShear motor brakes
are available in multiple torques for
the same motor frame.

MagnaShear motor brakes fea-
ture “quick mount” features for quick
and easy mounting to drive motors
in NEMA frame sizes 56 to 449. They
are shipped ready to install, with no
assembly or adjustments required.
They are also available pre-mounted
on a motor for severe duty applica-
tions. MagnaShear motor brakes can
be furnished to fit a NEMA or IEC
frame motor, as a complete motor
and brake assembly, or to mount on
a machine frame or other special
mounting configuration.

These proven motor brakes are
totally enclosed from outside contam-
inants, with seal integrity for harsh
and washdown environments. A mod-
ular design/assembly allows for ease
of servicing and maintenance.

forcecontrol.com

PBC Linear

EXPANDS MINIATURE METRIC BALL
SCREW ASSEMBLIES

PBC Linear has expanded its compre-
hensive portfolio to include Miniature
Metric Ball Screw Assemblies. Build-
ing on their lead screw technology,
this combination of precision-rolled
screw and compact nut is driving
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MADE IN THE

USA

No Fine Print.
No Premium.

At McInnes Rolled Rings, we
provide quality products,
shipped fast. And we partner
that with exceptional
customer service to forge the
perfect partnership with our
customers.

C
ROLLED RINGS

1.877.736.4409

www.McInnesRolledRings.com

exceptional performance from an eco-
nomical package. Manufacturers of
sophisticated laboratory equipment,
medical devices, semiconductors, and
other automation applications will
find these high-precision ball screws
a valued solution to their small-scale
linear motion needs.

Inaddition, PBCLinear offersshorter
lead times, which is accomplished
through their ball screw production
process and central Midwestern loca-
tion, where many of their products are
engineered and produced.

As with lead screws, ball screw
assemblies are used to convert rota-
tional motion to linear motion. They
typically include a ball nut, threaded
shaft, and a recirculating system that
utilizes a continuous movement of
balls to transfer forces and propel the
nut along the screw. Each ball screw
and nut are engineered with gothic
arch threads that define the track of
the nut and screw thread, offering high
rigidity, durability, and duty cycles.
The main benefit of ball screws is
higher efficiency and accuracy, mak-
ing them ideal for a variety of indus-
trial and automotive applications.

PBC Linear currently offers minia-
ture ball screws in diameter sizes of 6
mm, 8 mm, and 10 mm, with options
for lead length and nut type. In addi-
tion, standard and special machined
journals can be provided for unique
customer requirements. Other options
include fixed or floating end blocks.

The other half of the ball screw
assembly consists of the nut. Miniature
metric ball screw nuts from PBC Linear
feature two types of ball return systems
to accommodate shorter or longer

1@ Power Transmission Engineeringg[ 2022

leads. Short leads are synonymous
with internal multiliner returns, and
long leads are represented in the com-
pany's endcap return system. Each
are available in flanged or cylindrical
configurations, with optional end sup-
port blocks and bearings. Flange style
nuts can often be easier to remove and
install in an assembly, provided the
assembly can be designed so that the
mounting screws or bolts can be eas-
ily accessed. Cylindrical nuts allow for
a more compact assembly design as
there is no flange.

Dynamic load ratings are an impor-
tant factor when determining the
correct miniature ball screw for an
application. PBC Linear will provide
conservative dynamic load rating val-
ues within this product family, based
on 1,000,000 Rev (N). This ensures
trusted, reliable performance for those
looking to implement miniature ball
screws into their systems. Ball screws
from PBC Linear come standard with-
out preload (backlash clearance held to
0.05 mm). They offer a preload option
that offers higher rigidity and better
positional accuracy, but at the expense
of slightly diminished load capacity.
This P-type preload uses oversized balls
to preload the assembly up to three
percent of dynamic capacity.

PBC Linear ball screw assemblies
meet the standard ISO accuracy for
grades 10 and 7. In addition, cus-
tomers can contact an application
engineer regarding Class 5 accu-
racy. To meet industry requirements,
PBC Linear utilizes high-end testing
equipment such as Keyence optical
comparators, Mitutoyo thread form
tracers, and custom dynamic lead

WWW.POWERTRANSMISSIDN.COM]*
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Industrial
powertrains

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:

regalrexnord.com/powertrain

Rexnord® | Sealmaster® Steams*""""‘ Kop-Flex® | Link-Belt® Regall l,
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Performance
Plus Savings With
Powder Metal
Gears

GEARS
FROM

SYMMCO,

Powder Metal Technology allows a
more cost-effective production of
gears. Plus, it eliminates the waste
in resources and energy that more
costly casting and machining
methods require. We can

help with your spur,

helical, bevel,

ring, miter and

compound

gears.

l.s" mm

i — y— Inc c_o

N Engineering PM Solutions
Z .

40 South Park Street
Sykesville, PA 15865
814.894.2461

sales@symmco.com

www.symmco.com Q

checkers that analyze up to 15,000
points per meter.

PBC Linear uses a high-precision
CNC roll threading process for the
most consistent thread forms and high
accuracy rate. They also measure and
record 100 percent positional accu-
racy along the entire travel length of
the screw.

pbclinear.com

Mitsubishi
Electric
Automation

RELEASES SERVO AND MOTION
SOLUTIONS

Mitsubishi Electric Automation, Inc.
has introduced Economy Solutions,
packaged servo and motion bundles
that allow for high precision motion
control in a way that is quick and
affordable to integrate.

Three different bundles are cur-
rently available—compact motion,
basic motion, and pulse motion.
Compact motion delivers premium
performance and is available in up
to 7.0 kWs. It offers up to eight axes
of synchronized motion per module
and operates on the new CC-Link
IE Time-Sensitive Network (TSN)
allowing for improved communica-
tions speed.

Basic motion is the most affordable
option and uses the integrated net-
working of the iQ-F compact PLC to
control servo amplifiers and motors
at a very low cost. It operates over
the CC-Link IE Field Basic network
and allows the integration of other IE
Field Basic compatible devices. It is

12 Power Transmission Engineeringg[ 2022

best suited for small systems and sup-
ports up to 16 stations.

Pulse motion allows for easy inte-
gration with third party PLCs. It oper-
ates over pulse train communication,
which makes it able to communicate
with almost any PLC. Also suited for
smaller systems, it does not require a
motion module.

“This is our first step towards build-
ing our portfolio of solutions to improve
the customer experience,” said Curtis
Sylliaasen, associate product manager
at Mitsubishi Electric Automation. “By
offering preconfigured options, we will
be able to target specific customer pain
points with solutions that can be cus-
tomized to each individual project”

us.mitsubishielectric.com/fa/en

REGENT

ADOPTS SIEMENS DIGITAL
PORTFOLIO FOR SEAGLIDER

Siemens Digital Industries Software
recently announced that REGENT has
adopted the Siemens Xcelerator port-
folio of cloud-based software and ser-
vices to help pioneer a new category
of vehicle called the seaglider. The
seaglider is a high-speed zero emis-
sion vehicle that operates exclusively
over the water to drastically reduce the
time and cost of moving people and
goods between coastal cities.

With 40 percent of the world’s pop-
ulation living in coastal communities,
REGENT'’s electric seagliders will be
the first vehicles to offer safe, low-cost,
high-speed, zero-emission vehicles
for this segment. As a manufacturer
or OEM, REGENT's launch custom-
ers span aviation, ferry, and logistics
transportation operators.

WWW.POWERTRANSMISSIDN.COM]*
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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

e Custom Timing Belt & Pulley Drive Systems
e Couplings

e Bearings & Linear Motion Products

¢ Brushless DC Motors

e Integrated Motor Drive Controllers

¢ Frameless Motors

¢ Miniature Gearheads

¢ Planetary Gearheads
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and\world*classimanufacturingsacility yourneeds
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CALM SERIES WORM
GEAR REDUCERS

WoRLDWIDE

ELECTRIC CORPORATION

When your application requires a lightweight speed reducer, WorldWide Electric’s
aluminum right angle CALM Series worm gear reducers are a durable, reliable, and highly
compatible option.

Features include a hardened worm shaft for increased durability, two bearings on all input
and output shafts for reliable performance, and multiple mounting holes for all angle
mounts. A wide variety of NEMA input flange and hollow output bore sizes will ensure

compatibility with many applications.

Sealed Durable 4
Al shafts use Hardenedworm CALM Accessories
Zhaf(bfl?i{ ymcreased

double lip seals to
Maintenance-free

prevent oil leaks
and contamination

Pre-filled with Mobil
Flexible SHC632 synthetic oil,

- no vent plug or
Imperial dimension breather needed

hollow output bore

accepts plug-in

output shafts

available in both Output Flanges Output Covers

Slhn \e‘andgouble
t
EREGgS Protected

Coated inside and out
with epoxy paint to
protect against corrosion
Compatible
Multiple mounting
holes for all angle
mounts A
Torque Arms Drain Plugs
Lightweight Solid Construction

One-piece cast aluminum All input/output shafts have

alloy housing for a two ball bearings. Sizes 75 & .

lightweight, reliable design 90 have tapered roller Single Output Shafts ~ Double Output Shafts
bearings on the output shaft

THESE ARE ALL IN STOCK AND READY TO SHIP!

Ready to order, or need help figuring out which version would
be best for your application?

Visit worldwideelectric.com or call us at 800-808-2131!
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The REGENT seaglider operates
exclusively over the water as an all-
electric wing-in-ground-effect (WIG)
vehicle. It travels the sea in one of
three modes—floating on its hull near
the dock, foiling on its hydrofoils at up
to 40 knots (kts) as it comes in and out
of port, or flying above the waves at 160
kts while cruising to its destination.

When in flight, it operates a few
meters off the surface of the water, rely-
ing on the ground effect phenomenon,
flying on a cushion of air. It combines
the high speed and comfort of an air-
plane with the low operating cost of an
electric vehicle. Seagliders differ from
past WIGs due to their hydrofoils, dis-
tributed electric propulsion, and aero-
space fly-by-wire controls. These ele-
ments enable safe harbor operations,
increased wave tolerance, and a com-
fortable passenger experience.

At the heart of its design, engineer-
ing and development toolset is the
Siemens Xcelerator portfolio, which
has been fundamental to REGENT
since its founding in 2020.

“At REGENT we are focused on
bringing a revolutionary new vehicle
to the transportation market with the
potential to change how both people
and freight move over the water,” said
Mike Klinker, CTO and cofounder of
REGENT. “As our seagliders approach
certification and full-scale commer-
cial production, we need a robust,
modern digital tools platform that
supports the pace of our innovation
cycles with the rigor to encompass a
product as complex as ours. Siemens
Xcelerator as a Service was a per-
fect fit for a digital-first startup like
ours. Cloud native solutions, such as

WWW.POWERTRANSMISSIDN.COM]*
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Teamcenter X, minimize administra-
tive overhead and allow us to focus
100 percent on design, engineer-
ing, manufacturing, and innovation.
Siemens’ valued collaboration and
the subscription model provide sig-
nificant cash flow benefits that are
vital to any startup.”

REGENT's flagship seaglider, the
12-passenger Viceroy, will be built to
the highest safety standards. It will be
able to service routes up to 180 miles
with existing battery technology and
routes up to 500 miles with next-gen-
eration batteries, all via existing dock
infrastructure. Additionally, its opera-
tion as a wing-in-ground effect vehicle
above the water enables maritime test-
ing and certification. This is an efficient
pathway to entry-into-service, allowing
customers to experience high-speed,
zero-emission coastal mobility sooner
than electric aviation options, while
maintaining similar levels of safety.

“The revolution of both mobility and
electrification is continuing at an excit-
ing pace across the entire spectrum of
the industry, but it’s not often that the
two combine with such spectacularly
innovative product design to address
a specific challenge like the one faced
by coastal communities across the
globe,” said Dale Tutt, vice president
of industry strategy, Siemens Digital
Industries Software. “REGENT is pio-
neering innovative high-speed coastal
transportation while targeting net zero
from the very beginning. Our Xcelerator
as a Service portfolio is instrumental in
helping them get there faster”

sw.siemens.com

KISSsoft and

Timken

COLLABORATE ON BEARING
CALCULATION AND DESIGN

KISSsoft and Timken have teamed
up to add more value and insight for
design engineers.

Bearing calculations from Timken
can now be easily generated in
KISSsoft for the software’s registered
users. Although the data is not vis-
ible in KISSsoft, it can be used in
the background for calculation and
design purposes.

In the KISSsoft Release 2022, Timken
is now providing internal macroge-
ometry for more than 7,000 Timken
tapered, spherical, cylindrical roller
and deep groove ball bearings. This
allows KISSsoft users to perform more
accurate ISO TS 16281 life calcula-
tions, giving them more confidence
when designing and specifying bear-
ings for their equipment. The inner
geometry data for the rolling bearings
in use is retrieved via Timken's cloud
service solution.

@ LAFERT

NORTHAMERICA

kisssoft.com

SITI

YOUR BEST SOURCE FOR METRIC
MOTORS, GEARBOXES & COOLANT PUMPS

RIGHT ANGLE
WORM GEARBOXES

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.

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

AMERICAN
CLEAN
POQWER

EASA)
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SKF

INTRODUCES HYBRID DEEP
GROOVE BALL BEARING

SKF has developed a new hybrid
deep groove ball bearing for high-
speed applications. The new bear-
ing is aimed at applications such as
rail industry traction motors, as well
as electric machines and drives. SKF
already has three pilot customers, all
of them OEMs.

A new lightweight cage helps to
boost the limiting speed by at least
60 percent compared to traditional
designs. Additionally, the polymeric
cage helpstoreducefriction, leading to
quieter operation and allowing higher
power density in the application.

“Our new cage design helps our
customers to get more power from
electric motors, which enables down-
sizing,” says Andreas Pichler, busi-
ness and project engineer at SKE.

By improving the efficiency of elec-
tric machines and drives, the new
bearing can cut energy consump-
tion, increase reliability, and reduce
the total cost of ownership.

Its two-piece cage is made from

PEEK and PA66, making it 80 per-

Prove n 5 Wo r ld - C la S S cent lighter t.han a brass cage. As

well as running more quietly, the

> > bearing operates at a lower tempera-

H Ig h To rq ue Gea rl ng ture, which prolongs grease life and

extends relubrication intervals. This

can give engineers more flexibility in
their design choices.

In addition, its limiting speed is
twice that of a single-piece polyam-
ide cage, and 60 percent higher than
a brass one.

Rigidly connected cage bars ensure
robustness, which helps to lengthen
service life in harsh conditions. The
optimized geometry also eliminates

radial deformation from high cen-

SPIRO E trifugal forces, the ‘umbrella effect,

that typically occurs on snap-type
[ HIGH TORQUE GEARING < cages running at high speed.

E\ The new bearing is targeted at

S

OEMs in rail, off-highway vehicles,
e-mobility, and industrial/electrical
(3 applications.

~ARson skf.com

ROBOTICS * AEROSPACE ¢ DEFENSE * TRANSPORTATION * MEDICAL
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When Maintenance Goes Up,
Production Goes Down and
There’s No Time for That.

(IR Scan Here to Learn More at
[a];  continental-industry.com
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Curtiss-Wrigmht
EXTENDS HYBRID AND PURE

ELECTRIC VEHICLE RANGE WITH
TRACTION INVERTER PORTFOLIO

Curtiss-Wright’s Industrial Division
recently confirmed its continued com-
mitment to its long-term strategy of
advancing the electrification mar-
ket with the extension of its traction
inverter product portfolio. These lat-
est CWTIs offer the most highly effi-
cient and innovative design for use in
hybrid and pure-electric applications
for on-highway and off-highway com-
mercial vehicles.

“Having successfully logged over
two billion on-road kilometers since
launching the first production units,
these second generation CWTI mod-
els have been engineered to be the
very best performing and most effi-
cient IGBT inverters on the market
today, using state-of-the-art technol-
ogy to design and ensure end users
receive peak performance from a
CW engineered solution,” said Jason
Watkins, general manager, Curtiss-
Wright Industrial Division.

The advanced motor control soft-
ware within a CWTI ensures adap-
tive tuning works to create the high-
est efficiency between the inverter
and motor, delivering a system that is
both powerful and superior in perfor-
mance. Results from extensive testing
on some of the world’s most power-
ful and efficient electric motors have

demonstrated improvements of up to
38 percent on peak torque and power.
Furthermore, using the CWTI can
improve the efficiency of the drive sys-
tem (motor plus inverter) by two per-
cent resulting in an increase of up to
14 percent in vehicle range from a sin-
gle battery charge.

The latest CWTI models launch
as 420 kW vehicle-grade traction
inverters for single (CWTI-S420) or
dual (CWTI-D420) motor applica-
tions. To provide ultimate flexibil-
ity, the enhanced functionality of
both models operates with multiple
motor technologies, including AC
induction, permanent-magnet syn-
chronous (PMS) and interior perma-
nent-magnet (IPM) types, to ensure
improved range, longer battery life
and lower running costs.

CWTIs offer full fault protec-
tion and a high level of self-protec-
tion with both current and tempera-
ture measured directly on the IGBTs.
These accurate temperature mea-
surements deliver higher power from
the motor, while current measure-
ments offer superior short circuit
protection to the system.

curtisswright.com

Moticont

RELEASES LATEST MINIATURE
VOICE COIL SERVOMOTOR

Moticont has released the miniature
GVCM-016-019-01M Linear Voice

18 Power Transmission Engineeringg[ 2022

Coil Servo Motor. Smaller in diam-
eter than a U.S. Dime this 15.9 mm
(0.625 in.) diameter servomotor, also
called an electric cylinder, features a
high force-to-size ratio of 1.5 N (5.3
oz) continuous force and 4.6 N (16.6
oz) of peak force. The compact hous-
ing is just 19.1 mm (0.63 in.) long
and in the fully extended position
the shaft extends 20.0 mm (0.79 in.)
beyond the face of the housing. The
end of the shaft has an M2.2X0.45
thread by 4.0 mm long for backlash
free connections.

Non-commutated, these brushless
miniature linear servomotors are clean,
quiet, and feature high acceleration/
deceleration, high speed, high reliabil-
ity, cog free linear motion and improved
reliability. The ideal choice for: hep-
tic feedback and pipetting in medical
devices, laser, machining and drilling,
work holding and clamping, scanners
and laser beam steering and filtering,
optical focusing, dynamic vibration
absorption, testing, sorting, and assem-
bly. Additionally, they should be con-
sidered as low-cost replacements for
pneumatic linear actuators.

The housing and coil end of
the GVCM-016-019-01M has two
M2.2X0.45 threaded mounting holes
on 6.4 mm centers for easy integration
into new and existing applications.

NORD

RELEASES LATEST INDUSTRIAL GEAR
UNITS

NORD DRIVESYSTEMShasannounced
the latest addition to their industrial
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ustsubaki.com

YOUR ESIDEKICK FOR
ROLLER CHAIN SOLUTIONS

THAT OPTIMIZE OPERATIONS.

No matter how tough the challenge, our complete range of innovative
roller chain products can help you keep your business running smoothly.

That's what you can expect from your trusted, reliable sidekick.

A PERFECT USE
FOR THE

SUPER
STAINLESS™
CHAIN

Stainless steel chain with
carbon steel strength

Up to 6x stronger than
ordinary stainless chains

Want us to optimize your operations? A ///TSLI BAI(I®

That's what we do. Call us today to schedule

an on-site visit 800-323-7790 LEADING THE MOVEMENT
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gear unit family, MAXXDRIVE XD.
These new, parallel shaft industrial
gear units have extended center dis-
tances engineered specifically for reli-
able operation of cranes and hoists.
Compared to NORD’s MAXXDRIVE
G1050 industrial gear units, the center
distance of the XD has been increased
by 35 percent to allow maximum space
for the U-shape arrangement of the
motor and rope drum on the same side
of the gearbox. The new series also fea-
tures five case sizes, three-stage and
four-stage reductions, and torque out-
put up to 991,300 lb-in.

MAXXDRIVE XD industrial gear
units utilize NORD’s proven and
trusted UNICASE housings to deliver
long service life and low maintenance,
as well as reduced standstill times for
increased efficiency and availability
of the entire system. The single-piece
housing ensures precise positioning
of bearing and shafts, protects internal
components, and is FEA-optimized
for overhang load—especially with
downwards forces. An inspection
cover is also included on top of the
gear unit for easy maintenance and
service access. Three-stage and four-
stage reductions share the same over-
all unit dimensions and center dis-
tances for a standardized design that
reduces system variants and lowers
Total Cost of Ownership (TCO). The
new MAXXDRIVE XD gear units also
deliver stable nominal torque rat-
ings throughout the total ratio range,
reducing drive weight up to 60 per-
cent. This decreases the number of

moving parts for lower energy con-
sumption and requires fewer invento-
ried wear parts.

Avariety of add-on options are avail-
able with the MAXXDRIVE XD series,
including foot or shaft mounting with
additional torque support, NEMA/
IEC motor adapters, and various
input/output coupling options. They
can also be equipped with thruster
brakes, brake consoles, or an input
flange for flange-mounted brakes.
Solid input shafts with keyways can be
single or double extended and output
shafts include solid or hollow options
with multiple shaft configurations
for each. Additional options can also
be included from NORD’s standard-
ized modular system such as oil heat-
ers, PT100, taconite seals, monitoring
devices, and sensors.

Crane applications require robust,
reliable gear units that won’t break
down. MAXXDRIVE XD industrial
gear units are engineered to func-
tion in a wide range of ambient con-
ditions including dusty atmospheres
and environments with high humid-
ity, heat, and large temperature dif-
ferences. Heavy duty paint can also
be applied to the drives for addi-
tional protection and extended sur-
face life. When paired with NORD'’s
high-efficiency electric motors and
intelligent variable frequency drives,
MAXXDRIVE XD gear units form a
specialized solution capable of high
precision, smooth operation, and
dynamic control.

nord.com
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SKF

MAINTAINS FARM EQUIPMENT
WITH AUTOMATIC LUBRICATION
SYSTEM

A new automatic lubrication system
from SKF Lincoln helps maintain the
performance of farm equipment by
increasing chain reliability.

The OCL-M system, which was
developed specifically for equipment
such as balers and combines, dis-
penses precise amounts of lubricant
to the moving chain. This reduces
wear on the chain - giving it a service
life up to five times longer than one
that is manually lubricated.

“Farmers don’t want distractions -
they just need their baling machines
to last the duration of the harvest,” said
Daniel Gonzales, SKF’s global lubrica-
tion manager agriculture. “By reduc-
ing chain wear, the OCL-M automatic
lubrication system lessens the chance
of downtime.”

As well as improving safety, by
avoiding manual lubrication, OCL-M
includes brushes that clean the chain
during operation. This further improves
equipment reliability by resisting the
effects of large amounts of dust and
hay. Accurate dispensing controls costs
in several ways: it reduces lubricant
use; it requires no manual application;
and it reduces maintenance by improv-
ing chain reliability.

OCL-M is available as pre-config-
ured kits, which vary in size depend-
ing on the number and type of
chains that need to be lubricated. It
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is mechanically driven, requiring no
hydraulic or electrical fittings and is
therefore easy to install.

The system is mounted directly
onto a machine’s shaft. A variety of
pump elements and outlets allows
a wide range of lubricant dosage.
Dosage is easily adjusted by mov-
ing an adjustment disk. This helps
the system to cope with varying
demands, such as larger machinery
or more extreme conditions.

While the farmer is the ultimate
beneficiary of the system, it can be
installed earlier in the process, for
example by the OEM. Here, it will give
the OEM a competitive advantage,
backed by SKF’s engineering network.
In addition, it allows dealers to offer a
simple, saleable product with no after-
market issues.

skf.com

spiral bevel gearboxes { The search is over!

Did you mean: DieQua Corporation? For quality spiral bevel gearboxes that provide
improved performance, high reliability and easy
maintenance, look no further than DieQua. %

JANDLER

=

9 sizes
e 15 ratios
¢ Power capacities
from 1-300 HP
e L ow Backlash
e Customizable
e Mounting on all 6 sides

To finally find what
you’re looking for,
check us out on the

web, orgiveusacall.  giequa.com/pte  800-363-2145

RJIEWUIZN

Corporation
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Plug-and-Produce

The faster, smarter way to put mechatronics solutions to_—
work In packaging automation

Richard Vaughn, Automation Engineering Manager, Bosch Rexroth

B

at www.powertransmission.com

For Related Articles Search

packaging

A new approach fo crealing mechatronics solutions, called “smart mechatronics” is widely available and leverages an array of online design tools and

advances in mechatronics controllers and software.

One of the most constant and consistent challenges con-
sumer packaging companies face is to find new manu-
facturing ’rechnoE)gies that can help them be responsive
and ready to face rapidly shifting consumer trends and
preferences. They need technology that can help them
improve productivity, achieve faster changeovers and
more sustainable production—while keeping their pro-
duction line footprints lean and flexible.

This isn’t all they're looking for: consumer packaging
companies also want manufacturing systems with inter-
faces, integrated sensors and software features that make
it easier to leverage the intelligence, connectivity, and pro-
ductivity enhancements that Industry 4.0 technologies and
automation solutions promise to deliver.

As a result, many packaging automation OEMs are incor-
porating smart, connected components and subsystems
into their next-generation machines. Built upon an array of
online design tools and advances in mechatronic control,
hardware and software, a new technology concept called
“smart mechatronics” is becoming more widely available.
Smart mechatronics focuses on intelligent ready-to-use sys-
tems that are more sophisticated, yet easier to specify, order
and deploy.

EE Power Transmission Engineeringg[ 2022

This new approach in automation can be used to improve
packaging machine applications such as package sealing,
embossing and package forming. It also has the potential
to improve the development and performance of Cartesian
robot handling and pick-and-place systems, which are criti-
cal elements in many automated packaging operations.

Mechatronics Packages Multiple Technologies
into Single Solutions

Mechatronic systems are already an essential part of this
manufacturing landscape—extending and expanding the
value of linear motion and automation technology. This
integration of linear components, electronic controls, soft-
ware, electric motors, and sensors provides a versatile tool-
box for machine builders to engineer and commission com-
plete manufacturing systems for demanding applications.

Mechatronic technology suppliers like Bosch Rexroth are
leveraging the advantages of intuitive interactive design
tools and improvements in digital controller technologies to
give packaging OEMs and end users the capabilities that let
them “plug-and-produce, perform and proceed.”

This outcome is driven, in part, by packagers who, more
and more, seek production machinery that offers both
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As part of its new Smart MechatroniX family of mechatronics solutions,
Bosch Rexroth recently launched the compact, plug-and-produce Smart
Function Kit for Pressing.

versatility and simplicity. The goal is to achieve quicker time
to market by simplifying the engineering task for systems
that can quickly shift to make different variants or add new
functionality on the same production line.

To satisfy this demand, packaging machinery OEM engi-
neers want to streamline how they specify, purchase and
commission mechatronic components, using online tools
that deliver complete, intelligent systems ready to operate
“out of the box” with minimal or zero machine programming.

At the same time, next-level mechatronics must support
transparent production processes, with features that auto-
matically capture process data and enable real-time condi-
tion monitoring and predictive maintenance.

Smart mechatronics technology is now available to satisfy
many of these requirements. Used widely in other applica-
tions ranging from product assembly and metal forming to
single- and multi-axis robots for material handling, these
systems are also particularly well-suited for packaging end-
of-line functions.

New Smart Mechatronics Solve Pressing and
Sealing Challenges

This coming-of-age for smart mechatronics is opening more
possibilities for customization in packaging equipment.
For example, Bosch Rexroth recently developed a compact,
plug-and-produce smart “function kit” for pressing. Suit-
able for many different industries, it can be easily imple-
mented for use in packaging applications such as bag seal-
ing in form, fill and seal (FF&S) production lines.

This type of smart mechatronics system can greatly
reduce the time, cost, and complexity of implementing new
or custom FF&S capabilities. The kit is offered as a complete
mechatronic system, from one supplier, that seamlessly
integrates an electromechanical cylinder (EMC), electric
servomotor and drive, motion controller and industrial PC,
power and communications interface and browser-based
HMI software compatible with standard HTML platforms.

The concept allows for versatility as needed, but it can be
used, for example, to precisely control electromechanical
pressure to seal filled bags or to join multiple bags in a single

group. Embossing product logos or promotional labels onto
existing containers is another application.

Until the advent of smart mechatronics, machine build-
ers may have developed their own mechatronic assemblies
by ordering and integrating separate components. However,
this process is often cumbersome and time-consuming.

In a typical scenario, the mechanical engineering group
may be responsible for specifying and ordering one set of
components, while the electrical group orders its compo-
nents. Not only is this more challenging for the purchasing
department, but the engineering staff is then tasked to make
it all fit together physically and program the functionality.
Smart mechatronics can eliminate that complexity, provid-
ing a complete realization of the plug-and-produce concept.

Bosch Rexroth has simplified the process to achieve this
concept. First, they are deploying advanced, well-designed
online configuration tools that make it possible to specify and
order all the components as a single part from one supplier.

The engineers at a packaging OEM can enter parameters
such as stroke, workpiece size, and cycle time, which then
generates an output that can be verified and includes a com-
plete set of CAD drawings that can be integrated into the
overall digital plan of the FF&S system. In this way, a com-
plete bag-sealing tool or subsystem can be ordered as one
partnumber with a single mouse click and shipped with pre-
programmed motion sequences ready for implementation.

In addition, a system like this can come with preinstalled
operating software and automatic parameterization of the
servo drive, so no motion control programming knowledge
is needed to bring it online. It features a drag-and-drop
graphical user interface that lets operators build production
sequences—e.g., for sealing together a set of juice bags—
simply and intuitively.

A key advantage the Smart Function Kit for Handling offers for packaging
systems integrators and end-users is ifs intuitive online configuration and
ordering tools.

The "smart” in smart mechatronics includes more than
justsimplifying ordering, integration, and startup. These sys-
tems can also incorporate force sensors that can track and
report each motion sequence: was the proper force applied,
for the proper length of time, to ensure a correct seal?
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As this sequence is typically repeated hundreds or even
thousands of times per hour, the system’s controller can
measure and record each motion cycle for quality control
purposes. This kind of information can give warning about
malfunctions or other issues, which can be used to drive
preventive maintenance programs, as well as incorporated
into overall equipment effectiveness (OEE) analysis.

This is the kind of critical, real-time data that’s essential to
Industry 4.0 production systems—and it is as easy to imple-
ment and utilize as the rest of the smart mechatronics kit
operating software.

Versatile New Handling Systems with

Smart Mechatronics
Many packaging lines use automated mechatronic han-
dling systems extensively, both linear robots and multi-axis
systems. Whether for transferring material from one part
of a production line to another, or for end-of-line applica-
tions such as case packing and palletizing, linear robots and
multi-axis mechatronic systems provide high performance
and reliability.

They are commonly built-in similar fashion to other
mechatronic systems: linear modules, servomotors, drives
and controllers ordered separately, along with individual
orders for items such as power and communications cabling
and the HMI (often pieced together from different vendors
at the best cost for each item).

Then the systems need to be integrated. One common
challenge for handling systems is connecting the x, y, and
z axis linear modules, especially if their physical connec-
tions don’t incorporate well-engineered physical interfaces.
Another time-consuming engineering step is planning and
implementing the cable runs in the system—including all
the engineering drawings that document these steps.

Similar to the Smart Function Kits from Bosch Rexroth for
pressing and sealing operations, the new generation of smart
mechatronic handling systems will also provide true “plug-
and-produce” platforms for Cartesian and multi-axis systems.

Smart mechatronic handling systems will utilize intuitive,
well-engineered online configuration and ordering tools
that streamline the process for specifying all the components

needed for a given packaging application. This is particularly
useful when multiple linear modules of different sizes and
weight-bearing capacities need to be ordered and integrated.

Without smart mechatronics commissioning systems, it
can be time-consuming to capture all these key specifica-
tion details when ordering linear modules and servomotors
separately. Equally valuable, smart mechatronics for han-
dling systems will come with preinstalled operating soft-
ware and automatic parameterization of the servo drives.
Drag-and-drop programming of motion sequences to con-
figure a range of common pick-and-place functions can also
be provided.

This will make it possible for packaging system OEMs to
quickly design and integrate single-axis or multi-axis han-
dling systems as part of a new installation. They will also be
able to rapidly update existing packaging end-of-line sys-
tems when changes in production or product mix call for
Cartesian functionality.

And as with other smart mechatronics solutions, these smart
mechatronic handling systems will support real-time data cap-
ture and integration with higher-level machine controls, as
well as the ability to export data via interfaces such as OPC UA
to provide valuable productivity and quality information.

Plug-and-Produce Technology

1§r’qnsforms Mechatronics
Smart mechatronics offers a new, Industry 4.0-ready way to
simplify the effort required to configure, order, integrate and
begin using high-value mechatronics systems in packaging
machine applications. Complete solutions, delivered in a
single package or “kit” that’s ready to plug-and-produce, has
the potential to reduce the time and cost required to build
packaging machines.

For packaging companies, as well as the OEMs supplying
their production systems, there are advantages to working
with a single mechatronics supplier with a complete port-
folio of products and components, easy-to-use online con-
figuration tools and a proven record of creating high-per-
formance smart mechatronic solutions specifically for the
demands of today’s packaging industry.

boschrexroth-us.com
PTE

Similar fo the Smart MechatroniX function kits for pressing and sealing operations, the new generation Smart Function Kit for Handling systems will provide frue

"plug-and-produce” platforms for linear robot and multi-axis systems.
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GEAR OILS WITH

TO PROTECT

Lubriplate’s complete line of premium quality
gear oils has been formulated to provide
unsurpassed performance in a wide

range of gear reducers.

Available products include...

100% SYNTHETIC
PAO-BASED GEAR OILS

SYN LUBE SERIES 150-1000

¢ High-performance, 100% synthetic, polyalphaolefin (PAO)-based gear oils.
e Compatible with petroleum-based oils and most seals for easy conversion.
e Available in ISO viscosity grades 150, 220, 320, 460, 680 and 1000.

SYN LUBE HD SERIES

e Super heavy-duty, polyalphaolefin (PAO)-based synthetic gear lubricants.
e Formulated to meet AGMA EP (Extreme Pressure) requirements.
e For Heavy-duty, high load applications where an EP oil is required.

SPO SERIE

e Petroleum oil-based anti-wear, rust & oxidation inhibited (R&0) gear oils.
e Can be used with silver alloy, copper, and copper alloy bearings.
e Premium quality, high-performance, petroleum oil-based gear oils.

SFGO ULTRA SERIE

e NSF H1 registered and NSF ISO 21469 certified food machinery grade.

¢ 100% synthetic, PAO-based fluids for food processing and bottling plants.
e Available in IS0 viscosity grades 150, 220, 320, 460, 680 and 1000.

o Fortified with Lubriplate’s proprietary anti-wear additive XTREMITY.D

HEAVY-DUTY, EXTREME PRESSURE (EP)
100% SYNTHETIC, PAO-BASED OILS

HIGH-PERFORMANCE, ANTI-WEAR FORTIFIED,
PETROLEUM OIL-BASED, INDUSTRIAL GEAR OILS

NSF H1 REGISTERED FOOD GRADE
100% SYNTHETIC, PAO-BASED GEAR OILS

LUBRICANTS

Newark, NJ 07105 / Toledo, OH 43605 / 800-733-4755
To learn more visit us at: www.lubriplate.com

ADVANCED 100% SYNTHETIC
PAG-BASED GEAR OILS

PGO & PGO-FGL SERIE

e Ultra high-performance, polyalkylene glycol (PAG)-based, gear lubricants.
¢ ECO-friendly- Inherently biodegradable, provides long service life,energy conserving.
® PGO-FGL Series is NSF H1 registered and NSF/ISO 21469 certified food grade.

SYNTHETIC WORM GEAR LUBRICANT

¢ 100% Synthetic, ISO 460 grade, polyalphaolefin (PAO)-based worm gear oil.
e Formulated especially for worm gear applications.
e Provides excellent lubricity and oxidation resistance.

e High-quality, petroleum-oil based, extreme pressure (EP) gear oils.
e Meets military specification MIL-PRF-2105E and MIL-L-2105D.
e Conforms to API categories GL-3, GL-4, GL-5, MT-1.

KLING GEAR OILS

e Heavy-duty, tacky, red, extreme pressure (EP) petroleum-based gear oils.

e These tacky, adhesive, extreme pressure oils cling tenaciously to gear teeth.
e Formulated for heavy equipment and heavy service industrial applications.
e Meets military specification MIL-PRF-2105E and API classification GL-5.

INCLUDED AT NO ADDITIONAL CHARGE

Lubriplate’s

ESP

Complimentary Extra Services Package
COLOR CODED LUBE CHARTS & MACHINERY TAGS
PLANT SURVEYS / TECH SUPPORT / TRAINING
LUBRICATION SOFTWARE / FOLLOW-UP OIL ANALYSIS
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Keep Up with Change at Pack

Expo International 2022

ars, the packaging and

After four y
processing show returns

Aaron Fagan, Senior Editor

At Pack Expo International, to be held at Chicago’s
McCormick Place from October 23-26, you'll find the
full spectrum of what the world has to o?f/er in innova-
tive packaging and processing technology, automation,
robotics, printing, supply chain solutions, and more all
at one show. The show delivers the opportunity to build
relationships with suppliers; engage with the experts behind
game-changing technologies and discuss applications for
your business; and expand your network of peers. Nothing
beats being able to examine technology in person to assess
the quality, try out the control panels and see how it func-
tions, so you can determine the best solutions for your line.
Assembled below is a sampling of the companies that will be
present and the solutions they have to showcase.

NORD DRIVESYSTEMS —
#N-4974 (North Building)

DuoDrive Integrated Gear Unit and Motor
DuoDrive is an ultra-modern integrated gear unit/motor
concept with a hygienic
washdown design. It com-
bines a high-efficiency
IE5+ motor with a sin-
gle-stage helical gear unit
in one housing. Due to
its optimized system effi-
ciency, high power den-
sity, and very low noise
emissions, it is extremely
well-suited for packaging
systems. Together with its
simple plug-and-play com-
missioning, the complete
DuoDrive solution results
in a significant reduction
in total cost of ownership
(TCO) compared to other drive systems.

o Latest generation permanent magnet synchronous
motor (PMSM) integrated in a single-stage helical gear
unit housing

e Reduced Total Cost of Ownership and fast Return on
Investment

EE) Power Transmission Engineeringg[ 2022
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Pack Expo

at www.powertransmission.com

o Compact, smooth body design for durability and space
savings

« Available with IP69K surface treatment and nsd tupH
Sealed Surface Conversion System

Nordac On/On+ Variable Frequency Drives (VFDs)

Nordac On/On+ VFDs were developed to meet the special
requirements of horizontal conveyor technology and for use
with the new IE5+ synchronous motor (Nordac On+). They
are characterized by an integrated Ethernet interface, full
plug-and-play capabilities, and a very compact design. Nor-
dac On/On+ variable frequency drives are a reliable, eco-
nomic solution for IIoT environments.

e Performance: Up to 1.27 hp

¢ Protection class: IP55, IP66

e Wall-mount or motor-mount

o Plug-and-play solution for fast commissioning

e Operation of asynchronous and synchronous motors

o PLC functionality for drive-related functions (PLC
onboard)

o Compact, space-saving design due to integration of
Ethernet communication

IE5+ Ultra High-Efficiency Synchronous Motors
The new generation of NORD IE5+ synchronous motors fea-
ture a compact, hygienic design with smooth surfaces for
high corrosion resistance and easy cleaning (TENV design)
or a finned version for optimized heat dissipation (TEFC
design). These motors are available with nsd tupH Sealed
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Surface Conversion or IP69K surface treatment (when sup-
plied as a complete gear unit). A motor-integrated encoder
comes standard and an integrated mechanical brake is
optional.

e Performance: 0.5-5.5 hp

e Worldwide approvals and acceptance

o Flexible motor mounting: direct mounting, NEMA, IEC

» Highest operational efficiency with IE5+ technology

o Reduction of variants through constant torque over a
wide speed range

« Easy to clean and corrosion-resistant

o Fanless motor design

e Available with nsd tupH Sealed Surface Conversion
System

e Reduced TCO and fast ROI

o Non-ventilated variant (TENV) for hygienic wash-
down areas

« Ventilated variant (TEFC) with a
high overload capacity

o Fully matched Nord modular
system solution with gear unit,
motor, and variable frequency
drive

LogiDrive
With LogiDrive, NORD delivers an energy efficient, low
maintenance solution with a flexible, modular design and
maintains efficiency event at partial load and low speeds.
This makes LogiDrive especially effective for high-volume
warehousing, manufacturing, and packaging systems. The
LogiDrive solution includes:

« High-efficiency 2-stage bevel gearbox

« IE4 or IE5+ permanent magnet synchronous motor

o Decentralized variable frequency drive

o Power plug connector

e M12 connectors

o Incremental encoder

e Pre-assembled cables

 High overload capacity

o Standardized hollow shaft diameters

As a complete package, LogiDrive provides flexibility,

increased energy efficiencies, and can reduce variants to
improve ROI The VFDs and IE5+ motors support large speed

ranges to deliver automation for stacker cranes, automated
guided vehicles, a wide variety of conveyors, and more.

Condition Monitoring for Predictive Maintenance

The Industrial Inter-

net of Things (IIoT)

isusheringin a new

era that focuses on the

acquisition and accessi-

bility of data from intelli-

gent, connected devices.

Analyzing this data can provide valuable insight to increase
operational efficiency, reduce costs, and accelerate processes.

With condition monitoring, drive and status data are

recorded periodically or continuously to optimize the

operational safety and efficiency of machines and plants.

Important information can be derived from the data analy-

sis to proactively maintain systems, reduce downtime, and

increase the efficiency of the entire plant.

o Early detection and avoidance of undesired operating
conditions

o Avoidance of unplanned downtimes

o Time-based maintenance is replaced by status-based
maintenance

o Machinery and plant downtimes can be planned based
on drive and process data

» Reduction of service and material costs
o Longer service life of components and machines

o Increased system availability

nsd tupH Sealed Surface Conversion System

This patented solution is not paint; it’s a chromate-free chem-
ical process that changes the physical properties of NORD’s
aluminum housings, creating a surface that is up to seven
times harder than the original aluminum. After the pro-
cess is complete, the housing receives an additional sealant
that is resistant to contact corrosion from acids and alkalis
(entire pH range), will not flake, and will not propagate dam-
age when impacted or scratched. This solution is ideal for
harsh environments involving chemicals or wash downs, and
where sanitation and cleanliness are the highest priority.

o Conforms to FDA Title 21 CFR 175.300

o Lightweight compared to stainless steel

e Does not flake or chip like paint

o No penetration of corrosion, even if damaged
o Cost-effective alternative to stainless steel

o Easy-to-clean surfaces
nord.com
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Festo—
#N-6213 (North Building)

Meeting the degree of protection IP65/67 for factory digitali-
zation, the decentralized IO system CPX-AP-I allows compact
and lightweight I/O modules as well as the decentralized valve
terminals from Festo to be integrated into major host systems
in a flexible and scalable way. Another advantage of CPX-AP-I
is its seamless connectivity from the field level right through to
the cloud, providing access to features such as predictive main-
tenance. This makes digitalization incredibly easy.

CPX-AP-I lets users from the general machine building,
automotive or electronic sectors transmit their machines' pro-
cess data in real-time. Up to 500 participants can be connected
to the main systems with a cable length of up to 50 m between
the modules. The benefit is that existing valve terminals from
Festo can be easily integrated into the new system, so that
nothing changes in terms of the pneumatic control sequence.
An aspect that is forward-looking but already a reality is the
system's connection to the IoT gateway CPX-IOT from Festo,
enabling status data to be exchanged in cloud systems.

This all-rounder among remote 10 systems is equipped
with I0-Link technology as well as 10-Link device tool,
simplifies commissioning without the need for additional
software tools, and has a plug-in for the Festo Automation
Suite and for using a web server, all tailored to each cus-
tomer's needs.

The system is designed for applications in which installa-
tion space, decentralization, and digitalization are key. Based
on the new AP system communication from Festo, CPX-AP-I
ensures fast and seamless communication in all common host
environments. This gives users a machine design that meets
the requirements of the digital factory of the future.

festo.com

JIE USA, INC.—
#LU-7512 (Lakeside Upper)

Established in 1988, JIE produces gearmotors and reduc-
ers that serve the needs of their business partners through
reliable designs and supply. Their ISO 9001 certified fac-
tories employ more than 650 people and produce over
800,000 units annually. From their US headquarters in
Chicago, JIE offers a variety of gearmotor options that can
be assembled in custom configurations and with short
lead times from their extensive inventory of finished and
component parts.

The JRTK helical bevel gearmotor is part of the JRT series of gearmotors from JIE.
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The JRT series of inline helical (JRTR), helical bevel
(JRTK), helical worm (JRTS), and parallel shaft (JRTF) gear-
motors can be configured with NEMA, IEC, or servomotor
inputs. This series allows JIE to quickly provide interchange-
able solutions to the marketplace. The whole series com-
prises AD-type solid shaft, AM-type IEC motor, AQS-type
servomotor, and AN-type input interfaces; solid shaft, spline
hollow shaft, locking disc, and flange output modules; and
foot, flange, and torque-arm installation. This product sup-
ports the modular combination and integration of multi-
stage gearboxes with different types of adapters.

The JRWND series worm reducer, like all of JIE's solutions, follows the
concept of modular design.

The JRWND series of worm reducers offer customers fast
access to universally adaptable solutions with various input
and output configurations. Applied in printing and dyeing
machinery, machine tools, textile machinery, automation
equipment and other industries.

The JRE series of stainless-
steel motors and gearmotors
provide IP69K protection and
are available in a wide range
of gearing styles from worm
to helical bevel, all from stock
atJIE headquarters. JIE stocks
NEMA motors in both alumi-
num and stainless-steel con-
struction from Y hp-10 hp.
The stainless steel gearmotors
are useful wherever machines

and systems are subject to particularly intensive cleaning.

Regardless of whether the gearmotors are used for mate-
rials handling, intralogistics or hygienic applications, their
hygienic properties, long operating life and maintenance
friendliness make them optimally suited to the specific pro-
duction conditions in the food and beverage industry, phar-
maceutical industry, and permanently wet environments.

jie-drives.com

IKO International —
#N-6069 (North Building)

Cam Followers
IKO cam followers feature exceptional rigidity, high load
capacity, easy mounting, and excellent rotational perfor-
mance thanks to an optimized design for outer ring revolu-
tion. IKO offers a comprehensive lineup of products that fit a
wide range of industrial applications such as robotics, elec-
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tronic parts production, and office automation equipment.
We also offer two unique technologies: ThrustDisk and
ThrustDisk Seals—a synthetic resin thrust washer that han-
dles axial loads with exceptional wear and heat resistance—
and C-Lube options, either built-in or as an attachment that
provides long-lasting, maintenance-free operation. IKO also
carries a large inventory of off-the-shelf cam follower prod-
ucts stocked in multiple U.S. locations to ensure delay-free
availability and worry-free ordering.

ML Series Linear Guides
IKO ML Series ball-type lin-
ear motion rolling guides
feature stainless steel con-
struction as standard. The
series also comes stan-
dard with C-Lube—a self-
lubricating system with a
built-in capillary element
to provide long-lasting maintenance-free operation and
cost savings. ML Series guides also provide stable accuracy
and rigidity—even if your application presents variable load
directions and sizes, or complex loads.

Crossed Roller Bearings
IKO Crossed Roller Bear-
ings are designed with roll-
ers alternately crossed at
right angles to each other
between inner and outer
rings. This arrangement
creates greater roller con-
tact with the raceways,
allowing the bearings to take radial, thrust and moment
loads from any direction at the same time with less deflec-
tion under load. IKO Crossed Roller Bearings also come in
a variety of styles to meet the needs for varied applications
including robotics, medical, semiconductor and food and
beverage to name a few.
ikont.com

JW Winco—
#LU-8249 (Lakeside Upper)

Longtime exhibitor at Pack Expo International, JW Winco, is
a leading supplier of standard industrial machine compo-
nents and assembly hardware for the industrial and com-
mercial equipment industries, including OEMs, packaging,
medical equipment, automation, and more. JW Winco also
specializes in offering value-added services to engineering,
purchasing, and maintenance departments.

This year, JW Winco will feature their hygienic design
(HD) family of products, along with their standard parts
made of detectable plastics, and standard parts with anti-
bacterial surfaces. They offer a comprehensive selection of
metal and plastic, metric and inch size standard machine
components, hand-operating, and assembly hardware.

Standard parts are extremely versatile in their application.
Increased use of standard parts greatly reduces the costs of
product development and in turn, provides the engineer
with more time to devote to larger project requirements. The
engineers can concentrate on the actual machine or equip-
ment design, as standard parts can cost-effectively be pro-
cured externally.

All standard parts of the HD product family combine high
surface quality, freedom from dead spaces, nonscooped
outer surfaces, and sealed bolting areas. A sealing concept
based on FEM calculations ensures reliable contact pressure
after installation. HD also means that the time and mate-
rial needed for regular cleaning are significantly reduced—
which also noticeably lowers operating costs.

JW Winco’s HD product family continues to grow, which
includes knobs, U-handles, hand levers, indexing plungers,
latches, cover sleeves, leveling feet, screws, and more.

Standard parts with visual detectability are made of light
blue plastic making them especially visible to the human
eye and, perhaps more important, to optical monitoring
systems. Especially in milk, dairy, and meat products, but
also in most other areas of food production, blue colors are
rarely encountered and therefore stand out well.

Metal detectable standard parts are made of dark blue
plastics that contain additives such as iron oxide. As a
result, they are detected by
metal detectors as of a
particle volume of
0.125 cm?® mean-
ing that even hid-
den plastic chips can
be detected. Also, the
metal detectable plastic
standard parts are made of FDA-compliant plastic granulate
as per FDA CFR.21 and EU 10/2011. The plastic can there-
fore be used safely in contact with food and in pharmaceu-
tical production.

The antibacterial standard parts of the Sanline product
family can prevent bacteria and germs from propagating
on an operating element, actively reducing their spread and
preventing bacterial illnesses that could otherwise result.

Two different active principles can be found in the Sanline
product family: Plastic standard parts with additives based
on silver ions and metal standard parts with a powder coat-
ing based on zinc molybdate. Both principles destroy the
cell walls of the microorganisms, causing them to die. The

antibacterial effec-
tiveness is retained
for a long time, even
after frequent clean-
ing cycles, and is safe
for the user.
jwwinco.com
PTE
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For over 35 years, TelcoMotion has
been bringing together the world’s
largest selection of quality motion
control assemblies, components, and
parts—coupled with the industry’s
top experts and engineers—to create
optimized solutions for every project.

TelcoMotion carries a wide variety of
motors including BLDC, PMDC, Gear-
motor, Stepper, blower, and the AC
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Visit us at MANUFACTURERS - DISTRIBUTORS - FABRICATORS
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Riding the Red

Planet

Perseverance traverses Mars to answer questions about

the future of space exploration

Matthew Jaster, Senior Editor

This image shows parts of the robotic arm on NASA's Perseverance rover flexing and tuming during its first checkout

after landling on

Mistakes happen. We can pore over the details 120
times, yet errors can still slip through the cracks. This
is how the wrong MLB player appears in a photograph on
the cover of a Chicago newspaper or why a public relations
department begs political figures to ‘stay on script’ to avoid
viral video clips. Fortunately, we can fix these errors by pub-
lishing a new version of an article or retaping a video inter-
view. I thought about this in great length as I watched the
Perseverance Mars rover landing back in Feb. 2021.

There are no second chances in a project of this magni-
tude. At the time, you could see it on the faces of all the NASA
employees watching the landing from Mission Control. If
you were involved in any technical aspect of the rover mis-
sion, there was little to do but watch, observe, breathe, and
hope for the best.

The level of uncertainty and panic in that moment was felt
far beyond Mission Control. Engineers and manufacturers
across the globe were involved in Perseverance’s drive sys-
tem, controls, electronics, robotics, etc. Miraculously, the
rover landed without complication. Today, it continues to
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ars. Photo courtesy of NASA/JPL-Caltech.

ride around the red planet collecting data, soil samples and
giving Earth new insights on our solar system.

Making Another Trip to Mars
I sat down with Forest City Gear’s Fred Young back in 2012
to discuss his team’s work on the Curiosity rover. Back then,
he was thrilled the FCG staff was participating in a ground-
breaking engineering experience.

“It’s exciting, it’s challenging and most importantly it’s a
great learning experience,” Young said at the time. “To imply
that we had a major role in this project is a considerable leap
of faith, but bottom line, the gears had to work and the Jet
Propulsion Laboratory (JPL) had to select the best ones to
make the trip.”

Fast forward to the Mars 2020 Perseverance rover and
FCG was tasked with supplying and creating components
for nearly every actuator on the vehicle including the drive
systems, articulating arms, science drills, and camera focal
gear sets. The components were planetary gears, sun gears,
single and multi-stage housings, and armature shafts.
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Forest City Gear was fasked with supp/ylgg and creating components for
nearly every actuator on the vehicle including the drive systems, articulating
arms, science dills, and camera focal gear sets. Photo courtesy of FCG.

“What’s most memorable about the project is the realiza-
tion that you are working on parts that will be going to Mars,”
said Jared Lyford, director of manufacturing operations at
FCG. “As you work through the project, no matter what level,
you get wrapped up in the nuances of your responsibility
in that moment. Then, at some point you stop and realize,
this particular item is going to Mars to do very specific and
unique work. This is not a commodity and is very much a
one-off. Youreally appreciate being part of something much
larger than your own contribution.”

Lyford said that the rover programs leverage as much
previous design elements as possible. “This allows for
efficiencies to be had in tooling design and produc-
tion. The customer’s requirements tend to become more
sophisticated over time, and there are always a few new
challenges, by way of part design, to keep things interest-
ing,” Lyford added.

He said the most difficult part of the latest rover project
was program management. The development of the process
plans and associated engineering requirements was very
rigorous. Combining that with the project management
required to track through process development and into
production made it even more demanding.

“The timing required to meet a production end goal is crit-

ical as the components need to be delivered in order for the
actuator assembly, test, and final build,” Lyford said. “The
culmination of all of this must align with NASA’s launch
timing. There is a very specific window for the entire proj-
ect to be finalized. If that window is missed, I believe it was
approximately two years for the next launch window due to
Mars’ and Earth’s alignment.”
Lyford has enjoyed following the exploits of Perseverance since
the landing. “I recall this being very exciting. You almost hold
your breath as you feel so connected to the project and its suc-
cess. The moment the rover landed on the surface of Mars, the
entire company celebrated. The enthusiasm was similar to
what you see in Mission Control while watching it live!”

The FCG team understood the challenges they faced
during these historical aerospace programs and are con-
sistently working to improve operations to address proj-
ects in the future.

“FCQG is preparing by remaining current in both technol-
ogy and training. It’s our dedication to human resources and
the latest equipment that allows us to perform for customers
with ‘out of this world’ challenges,” Lyford said.

forestcitygear.com

High Level Engineering Expertise
Robin Phillips, head of maxon SpaceLab, discussed the com-
pany’s role with Perseverance and the unique helicopter,
Ingenuity. Motors and gearboxes were provided by maxon for
the project including seven motors and one gearbox inside
the rover, two motors on the science arm and one motor uti-
lized for helicopter deployment. Ingenuity needed six maxon
DC motors to control the movement of the vehicle.

“Our customer (JPL/NASA) pushed us to develop the
highest technology actuators we are capable of,” Phillips
said. “When you take on a project like this you know you will
always have some issue you didn’t think of at the beginning—
the known unknowns—solving these issues as they arise is a
key part of the project management work (as examples, this
can be a design that doesn’t assemble as we had expected,
or a part that turns out to be harder to manufacture than we
expected, or some failure that occurs in testing).”

The organizational aspects of running projectslike this within
a company set up for mass production is also a challenge.

“This needs a different skill set from the assembly staff.
It causes projects like the Mars rovers that need special
production runs and a high level of engineering input to
be viewed as disruptive for the main work of the com-
pany,” Phillips added. “Our solution has been to copy
the well-known Lockheed ‘Skunk Works’ organizational
structure where a small team is broken out from the main
company and can work independently whilst still tapping
into the knowledge and resources of the main company.
This is our SpaceLab.”

When maxon started doing these projects nearly 30 years
ago, JPL would tell the company what to change in the
designs and monitored every production step.

“Then about 15 years ago when we started working with
the European Space Agency (ESA) for ExoMars we decided
to try and learn all the necessary processes on how to design
and build space standard actuators ourselves. This was a
painful process where we had to learn by making mistakes,”
Phillips said. “Now I think we know what we are doing at a
basic level, but each new project then brings new challenges
at the detail level. Using these new technologies (design fea-
tures, material, manufacturing processes) that we already
know will work in such applications and environments,
allows us to increase our reliability and focus on more com-
plex products/projects.”

While the pressure and technical challenges can be har-
rowing, Phillips and the maxon team learned to embrace
the unknown.

“Since we spend so much of our life at work, I am very
much of the opinion we need to enjoy our time at work!
In the case of the Mars 2020 mission (Perseverance and
Ingenuity) it was working with the JPL team, who are the
world’s best spacecraft mechanism engineers, that I enjoyed
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Motors and gearboxes were provided by maxon for the project including seven motors and one gearbox inside the rover, two motors on the science arm and

one mofor ufilized for helicopter deployment. Photo courtesy of maxon.

the most. They are a great bunch of people with whom we
got on with very well both at a professional and a personal
level. They spent a total of several months in Switzerland
over three years and we spent a lot of time with them both in
and out of maxon.”

The EDL sequence (Entry, Descent and Landing) is not
called the “7 minutes of terror” for nothing. The sky crane
design that puts the rover down on the surface of Mars is a
technological tour-de-force but has so many steps that can
go wrong that you can’t help but be incredibly nervous until
you see the signal that says the rover has made it down in one
piece. “It’s a rollercoaster ride where you breathe a sigh of
relief as every key step occurs, only to immediately transition
back to nervous anticipation for the next step,” Phillips said.

As to the products delivered, knowing that Perseverance’s
critical sample handling system has now worked for over
a year on Mars is the greatest satisfaction, according to
Phillips. “It means all the work we put in over those years
has paid off. In the case of our Ingenuity motors, as is the
case for the entire helicopter, they have exceeded our wild-
est expectations of how well they would work and how long
they would last,” he added.

The maxon SpaceLab will continue to participate in excit-
ing space science and exploration missions such as the
Mars Sample Return program and the upcoming Artemis
manned lunar mission. The company will also become the
“go to” actuator supplier for the “new space” commercial
satellite industry.

For the commercial opportunities, Phillips noted that
the revolution in access to space caused by SpaceX and its
competitors finding ways to reuse their launches and hence
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lower the cost of access to space by an order of magnitude is
opening new markets.

“We are positioning ourselves as an actuator supplier for
this new and growing market by creating a catalog of stan-
dardized space-rated motors, gearboxes, and encoders.
These are being qualified against representative specifica-
tions by us and will then be available as stock items that can
be purchased at much lower prices than custom designs and
with much shorter lead times. We believe this will fulfill the
needs of this new industry where numerous startups are try-
ing to disrupt what has become a very conservative market.”

maxonworid.com

A Little Motion Control on Mars

Cobham Advanced Electronic Solutions (CAES) actuators
drive the Perseverance rover wheels and provide steering
motion, move the high-gain antenna, and perform remote
sensing mast deployment. CAES actuators and radiation
hardened (RadHard) microelectronics are currently work-
ing to understand Mars’ atmosphere and geology, in addi-
tion to seeking signs of ancient microbial life.

They are also featured in the instrument pack designed
by Malin Space Science Systems. The Perseverance rover’s
electronics and payloads are based on the CAES UT699
LEON microprocessor, which handles the computing func-
tions for the motor controls as well as the UT54LVDS217
LVDS Serializer, UT54LVDS218 Deserializer and a variety of
memory devices.

Space is one of the key passions for the CAES engineer-
ing team. The company worked previously on the NASA
Mars Curiosity mission where CAES actuators and radiation
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hardened integrated circuits completed a 350-million-mile
journey and three years of daily tasks while withstanding
the challenges of the grueling Martian atmosphere, includ-
ing -120°C temperatures and a volatile dust environment.
“CAES is honored to serve on the Perseverance Mission
and explore Mars once again,” said Mike Kahn, presi-
dent and CEO, CAES. “Our components on the rover are
designed specifically for the extreme environmental condi-
tions ahead. We are excited to watch the mission unfold and
to continue pioneering electronics that cultivate the future
of space exploration.”
caes.com

Research, Research, Research
While we've discussed some of the technology found in pre-
vious missions to Mars in PTE (powertransmission.com/
search?q=mars) here is some data on what the latest rover
is carrying:
e Mastcam-Z is an advanced camera system with
panoramic and stereoscopic imaging capability with the
ability to zoom.

e SuperCam is an instrument that can provide imaging,
chemical composition analysis, and mineralogy at a
distance.

o Planetary Instrument for X-ray Lithochemistry (PIXL)
is an X-ray fluorescence spectrometer and high-
resolution imager, which maps the fine-scale elemental
composition of Martian surface materials.

o Scanning Habitable Environments with Raman &
Luminescence for Organics and Chemicals (SHERLOC)
is a spectrometer providing fine-scale imaging and uses
an ultraviolet (UV) laser to map mineralogy and organic
compounds.

o The Mars Oxygen In-Situ Resource Utilization Experiment
(MOXIE) is a technology demonstration producing oxygen
from Martian atmospheric carbon dioxide.

NASA's Perseverance rover wiggles one of its wheels in this image obtained
by the rover's left Navigation Camera. Photo courtesy of NASA/JPL-Caltech.

e Mars Environmental Dynamics Analyzer (MEDA) is a
set of sensors providing measurements of temperature,
wind speed and direction, pressure, relative humidity,
and dust size and shape.

o The Radar Imager for Mars’ Subsurface Experiment
(RIMFAX) is a ground-penetrating radar providing
centimeter-scale resolution of the geologic structure of
the subsurface.

In afew years, NASA and the JPL will conduct the next rover
mission. Someone, somewhere on a shopfloor will be watch-
ing with great anticipation, hoping the gears, motors, actua-
tors, and controls exceed expectations. Mistake-free engi-
neering; just another day at the high stakes, industrial office.

Interested in following the exploits of Perseverance as it
navigates Mars? Check out the Mission Rover update blog at
mars.nasa.gov/mars2020/mission/status/ to learn the latest
exploration news and research.

PTE

Members of NASA's Perseverance rover team react in mission control after receiving confirmation the spacecraft successfully touched down on Mars,
Thursday, Feb. 18, 2021, at NASA's Jet Propulsion Laboratory in Pasadena, Cadlifornia. Photo courtesy of NASA/Bill Ingalls.
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Napoleon Engineering Services

NES Bearing Co., Inc.
EMPOWERING OUR CUSTOMERS WITH BEARING SOLUTIONS

At NES our goal is to empower you with specialized bearing solutions related to custom bearing manufacturing, inspection,
and testing. We are a leading high end US custom bearing manufacturer and the largest independent bearing inspection
and testing facility in North America. With over 100 years of generational bearing knowledge and experience NES is the
one-stop shop you need to make your bearing projects streamlined and efficient.

Diverse Industries & Applications
 Aerospace
e Aviation & Vertical Flight

Custom Ball Bearings:

e Deep groove

e Deep-groove fractured race

3 6 Power Transmission Engineeringg[ 2022

NES is THE Solution:
¢ Corrosion Resistance
Temperature Extremes
Load Extremes

1509001
/ CERTIFIED QM5

e Defense & Military * Angular contact .

e Oil & Gas e Two-piece inner ring Gothicarch ¢ High Fatigue Life e

» Power Generation e Double-row « High Life Materials

e Marine  Thrust . Co%t Effective Solutions

e Industrial  Ceramic Hybrid  Bearing Size Range

« Transportation 20-350 mm v uu&%m

o Gear Drives Custom Roller Bearings:  Shorter Lead Times

e Medical e Needle e Small and Large Production Runs

e Agriculture & Lumber e Cylindrical e High Precision

 Pumps & Turbines * Thrust Capabilities

o Generators « Ceramic Hybrid e Advanced Design Technologies

« Off-Highway * Precision Modifications

e OEM’s

e MRO stations

a \ Custom Bearing Manufacturing
NES’s design engineering and US manufacturing capabilities
provide you with custom bearings without the long lead times of
other bearing manufacturers. Our knowledge and expertise allow us
to analyze your application conditions and develop an advanced
product that will meet or exceed your needs.
Bearing Inspection & Testing
NES is the creator of inspection & testing programs that support
global bearing sourcing & bearing qualification. We have been
leading OEMs through the global bearing qualification process for
25 years. We provide technical information through bearing
inspection, modeling and testing programs to evaluate bearing
design, manufacturing capability, overall quality of workmanship,
and the relationship these attributes have on bearing life. No other
source has the experience, capacity, or capability to expertly service
\ J your bearing qualification needs.

FOR MORE INFORMATION
1601 Johnson Street, Olean, NY 14760

Phone: 877-870-3200
Fax:716-372-1448

Email: sales@nesbearings.com
www.nesbearings.com
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Stock Drive Products/

Sterling Instrument

Standard Parts or Custom — One Single Source

Stock Drive Products/Sterling Instrument
(SDP/SI) makes it easier for OEMs to get
their products to market by designing

and delivering precision components and
complex drive assemblies while managing
costs and inventories. Well known as the one-stop-
shop, we provide mechanical and electromechanical
components, engineering development, precision
manufacturing, and problem-solving customized solutions.

SDP/SI has over 70 years of experience in engineering
development and precision manufacturing for a diverse
range of industries, including medical, aerospace, robotics,
and industrial automation. Combining our engineering
expertise in power transmission and motion control
applications with a state-of-the-artmanufacturing facility
ensures our customers receive components and assemblies
that meet their specific needs. SDP/Sl is ISO 9001:2015 +
ASP100D certified, ITAR, Reach, and RoHS compliant.

Offering a comprehensive selection of mechanical and
electromechanical components, SDP/SI products are
available with a wide range of standard features for
easy infegration intended for all applications. Shaftloc®
and components featuring the Fairloc® Hub Design are
exclusive to SDP/SI and provide added benefits.

Shop SDP/SI 24/7.
Download 3D CAD models
and product specifications.
Request a quote online.
Timing Belts and Pulleys
Precision Gears and Gearboxes
Couplings

DC Motors

DC Gearmotors

Integrated Motor Drive Controllers
AGV Gear Motors / Kits
Gearheads

Motion Control Products
Bearings

Beyond standard components, SDP/SI offers
significant custom manufacturing capability to set
your ideas into motion. Our engineers are always
available for engineering and design support, and we
look forward to helping with your next project.

Visit www.sdp-si.com to find detailed product
specifications, custom capabilities, 3D CAD models,
product literature, and quality certifications. Check
out our Engineering Resources for useful calculations,
gear design, timing belt and pulley design, and
helpful calculators.

FOR MORE INFORMATION
250 Duffy Avenue, Hicksville, New York 11801

Phone: 516-328-3300
Toll Free: 800-819-8900
Fax:516-326-8827

Email: sdp-sisupport@sdp-si.com
www.sdp-si.com
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Noises in the Night

The factors leading to ultra-quiet electric motors

Donald Labriola

Most motor applications produce
audible noise, ranging from a slight
hum to a mildly offensive whine
or even something loud enough to
endanger health or require hear-
ing protection. Like many technology
issues, the sources as well as the solu-
tions are multidisciplined. Key to find-
ing solutions is an understanding of
how the noises arise.

In applications such as medical
instrumentation, the acoustic noise
level may be a strain on the physi-
cian and may unsettle the patient.
In industrial applications, higher
noise levels may require hearing pro-
tection. In other applications, like

Figure 1 Magnetostriction

animatronics or magic show tricks,
even a minimal noise may completely
upset the illusion.

Motor

Let’s start with the mechanics of the
motor. Although the rotor and sta-
tor can often be swapped (so-called
inside-out motors), we will keep the
discussion focused on the conventional
design with an outer fixed stator and an
inner moving rotor; the same insights
can be applied to different topologies.

Most motors include iron or other
magnetic materials (ferromagnetic)
in either their rotor or stator or
both. Many magnetic materials have

magnetostriction properties, mean-
ing that they change their shape or
dimensions as a function of the mag-
nitude of the applied magnetic field.
The effect arises at the microscopic
as the boundaries of and magnetic
vector within domains are varied
in response to the applied field. The
domains try to align with the applied
field so as to minimize the free energy
of the system. The hum of a common
transformer is mostly caused by mag-
netostriction. The commutation pro-
cess of a motor involves causing the
magnetic fields to vary to cause a
torque to be generated between the
rotor and the stator, leading to the
rotor turning. These changing fields
also give rise to changing dimen-
sions, which can cause surfaces of the
motor to act as speakers.

In addition to magnetostriction,
there is also the simple magnetic
attraction between portions of the
rotor and stator due to the interaction
of their magnetic fields. These forces
do not require ferromagnetic mate-
rials to be present; the wires them-
selves will generate forces that result
in motion. The coils in many motor
designs are dipped in lacquer to help
keep them rigid as vibration between
wires not only can make noise but also
can abrade the insulation. The result-
ing forces from attraction and repul-
sion give rise to strains (deflections)
in the structures. The design of the

Ferromagnetic materials will have their domains al /gn with the magnetic field, causing the physical dimension of the material to expand in the direction of the

magnetic field. Some other materials, such as cobalt, contract in the
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direction of the magnetic field due to different crystal lattice structures.
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Figure 2 Commutation Smoothness

For Related Articles Search
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Driving the current as fast as possible for the next requested current causes an abrupt change in torque resulting in jerk in the system as compared fo a smooth

change in current.

structure of the different motor types
affects the distribution of these forces
and the resulting structural deforma-
tions. These deformations may also
make the motors effectively function
as speakers. Note that both magnetic
attraction strains and magnetostric-
tion strains will generate acoustical
noises according to the way the mag-
netic field varies, which in-turn fol-
lows the winding currents associated
with the driving waveforms. The driver
and control methodology will be dis-
cussed as to how they affect the char-
acteristics of the acoustical noise.

The bearings may also be a source
of mechanical noise within the motor.
Preloading of the bearing removes the
excess play in the bearing, which helps
the bearings to have sufficient con-
tact forces to cause the bearings to roll
rather than to slide (skidding). Proper
preloading also increases the stiffness
in the system and extends bearing
life. Springs/wave washers are a com-
mon method to provide preloading,
although solid preloading may also be
used, especially in motors with lead-
screw shafts built in. Designs that do
not adequately preload the bearings
often produce significant acoustical
noise when the motor is rotating.

The shape of the spaces in the rotor
and stator may also give rise to acous-
tical noise. Hybrid motors typically
have sharp teeth on both the rotor
and stator and small rotor-stator gaps.
Full-step optimized step motors have
matching tooth pitch for the rotor and
stator (50:50 laminates), whereas mic-
rostepping optimized motors have dif-
ferent pitches (typically 48:50 or 52:50
laminates). Some brands of motors
will fill in the rotor teeth gaps with
epoxy prior to centerless grinding to
minimize the noise generated as the
rotor teeth pass the stator teeth. A sim-
ilar effect may be seen with face mag-
net servomotors versus internal mag-
net (IPM) designs which have smooth
outside diameters on the rotor.

Electronic Drive

The method of commutation and the
way in which the drive controls the
shape of the current and the rate-of-
change of current can have significant
effects on the noise levels generated.
For servo systems, the control system
tuning and damping can further help
or hurt the acoustic noise in the system.

The nominal shape of the wave-
forms driving the motor can substan-
tially affect the acoustical noise. For

a 3-phase motor, 6-step commuta-
tion with a trapezoidal drive abruptly
switches the current forward or reverse
for a particular phase, with common
drivers only limiting the rate of rise of
current by the inductance of the wind-
ing and the applied voltage. A 12-step
trapezoidal commutation technique
adds a zero current step for each phase
before reversing the direction of the
current. For hybrid motors, the equiv-
alents are full-stepping and half-step-
ping. The abrupt current changes give
rise to acoustical noise both at the fun-
damental and at many harmonics of
the commutation rate. The noise is not
only caused by the previously men-
tioned magnetostriction effects and
deformation of the case, but also by
the sudden jerk (high rate of change of
torque) associated with rapid changes
in the winding current torquing the
shaft, often with the resulting ringing
each time the motor commutates to
the next phase combination.

In the hybrid motor realm, there are
microstep drives which more closely
approximate a sine wave by adding
many finer steps to the current wave-
form to reduce the magnitude of each
step change. However, most of the
drivers use a current control loop that
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Figure 3 Subharmonic Oscillation

A shorter drive cycle results in more fime in the decay portion of the cycle, requiring a longer drive cycle the following PWWM cycle. That longer drive cycle
results in a shorfer decay portion, so the current starts higher and the é//owing PWM cycle requires a shorter drive cycle. This results in a 10 kHz subharmonic
which is audible even though the PPWM is operating at 20 kHz.

still tries to achieve the next step in the
minimum time possible, turning the
driver full on until the next desired cur-
rent plateau is attained. The conven-
tional 3-phase brushless motors are
similar with sinusoidal commutation.
Note that the design of the motors for
trapezoidal 3-phase operation are dif-
ferent than those for sinusoidal com-
mutation, the former having back-EMF
waveforms that are typically much
squarer than the sinusoidal back-EMF
waveforms associated with sinusoidal
drive optimized motors. Hybrid motors,
similarly, are optimized for either full
stepping (50:50 laminates) or for micro-
stepping (48:50 laminates or 50:52 lami-
nates for the common 1.8-degree step-
per). When plotting the back-EMF of
phase A versus phase B, a full step (50:50

laminate) will plot as almost a square
with slightly rounded corners, while a
microstep optimized motor will plot as
almost a perfect circle.

The noise level generated by a motor
may be minimized by minimizing the
rate of change of the current in the
winding, making it a function of the
motor speed, rather than having the
current loop attempt to perfectly fol-
low the square change with each new
step on the microstep table. This may
be done by altering the operation of
the current control loop to also utilize
a motor speed estimation such that at
lower speeds, a lower rate of change
is implemented, and saving the rapid
changes for higher speeds where motor
torque would suffer if the current were
not changed at a sufficient rate.

40 Power Transmission Engineeringg[ 2022

Chopping Drives

Most modern drives use pulse width
modulation (PWM) control to vary the
currents in the motors. Most current
control loops, for both hybrid motors
and 3-phase brushless, are respon-
sible for a couple of additional noise
generation modes.

The first noise is called “sizzle” and is
a caused by amplification of the noise
from the measurement of the current
being controlled. To minimize heating
of the current sensing resistors, very
low value resistors are typically used.
The resulting voltage from the sensed
current passing through the low value
resistor is relatively low, so voltage gain
must be set fairly high. The noise may
be significant compared to the mea-
surement, causing the control loop to
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try to react to the perceived current
rather than the actual current. The
result is the current loop amplifies the
measured noise, causing the motor to
emit a hissing or sizzling noise.

The second noise related to the
chopping drive is a squeal. Although it
is common to operate the PWM drive
at 20 kHz to 25 kHz, which is typically
above human hearing, it is common
to hear significant noise in the 6 to
10 kHz range, which is quite audible to
humans. The cause of the noise is an
instability called subharmonic oscil-
lations. PWM drives for motors are
typically operating as a form of buck
converter, as the short-term aver-
age voltage needed at the winding to
maintain a given current is commonly
significantly less than the power sup-
ply voltage. It is common that these
subharmonic oscillations occur at %2
or 1/3 of the chopping frequency, thus
a 25 kHz chopper may easily produce
significant noise at 12.5 kHz or 8.33 kHz,
both of which are quite audible. There
are many articles on subharmonic
oscillations in buck converts that go
into to significant detail, but here is a
brief simplified discussion.

The PWM drive drives the winding
either at the power supply voltage or
shorts the winding or may drive the
winding in the reverse direction with
the power supply voltage (if the cur-
rent is already too high). At the begin-
ning of each PWM period, the driver
determines if the measured current
is higher or lower than commanded
current. Assuming the motor is mov-
ing slowly or is stationary, the cur-
rent will have generally decayed due
to resistances in the transistors and
windings, and the driver will need
to turn “on” the drive for a period
of time until the current measured
again reaches the commanded cur-
rent. The driver will then short the
winding (regeneration mode) until
the next PWM cycle begins.

To understand how the subhar-
monic oscillation sustains, assume
this first cycle started with the current
somewhat lower than average. The
“on” time of the PWM will need to be
longer than average to bring the cur-
rent back up to the commanded level.
The current will then decay until the

next PWM cycle begins. Because the
“on” time was longer than average,
the decay time (recirculate mode)
remaining for that PWM period must
be shorter if the PWM frequency is
constant. The shorter decay time
will cause the starting current for the
subsequent cycle to be higher than
for the last cycle. The PWM on time
will be shorter, as it does not take
as much time for the measured cur-
rent to reach the commanded current
level before the driver goes again into
recirculate mode. This means that
more time will be spent in the recir-
culate mode for this cycle, resulting
in a lower measured current at the
start of the subsequent cycle. This
long cycle, short cycle as described
would be a second subharmonic, or
would happen at half of the chopping
frequency. By a similar process, you
can also commonly cause a third sub-
harmonic oscillation. The resulting
periodic current variation causes an
audible squeal (or “singing”) which
can be very irritating when exposed
to it for a full work shift. The high fre-
quency of this current variation gen-
erally makes motor a more effective
speaker whereas very low frequency
variations generate little noise.

A Smarter Current Loop

The rapid change in current at com-
mutation, sizzle, and subharmonic
oscillation may all be overcome by
using a current estimator modeling
the motor rather than directly mea-
suring the motor current. The volt-
age applied to the motor, the motor
inductance, the motor resistance, the
motor back-EME and the motor speed
and position may be used to estimate
the current. The resulting current
loop does not have sizzle, and does
not have the subharmonic oscillation
squeal, and may be further configured
to limit the rate of change of current
to only that required for the instanta-
neous motor speed.

Control Method
The motor noise may also be signifi-
cantly affected by how the motor is
controlled. An open loop step motor is
typically driven at full current regard-
less of the load. The torque takes a

step at each step or microstep change,
resulting in a significant jerk at each
transition. Both low speed resonances
and mid speed resonances may cre-
ate extra motion oscillations, result-
ing in significant acoustical noise. The
magnetostriction and attraction forces
are also maximized by using full cur-
rent, again contributing to noisy oper-
ation. Servo control uses only the cur-
rent needed to generate the desired
motion. This minimizes both the cur-
rent and the rate of change of the cur-
rent. Electronic damping can further
reduce the vibration of the load when
rotating. When combined with a smart
current loop, the motor acoustical
noise can be greatly reduced.

Summary

The resulting motion, of both hybrid
servomotors and 3-phase AC brush-
less servomotors—both using sinusoi-
dal commutation—can be essentially
silent operation up to a few hun-
dred RPM. When testing one Quick-
Silver NEMA 17 frame hybrid servo-
motor, we used a sound meter that
was designed to be used at a 5-foot
distance for its calibrated measure-
ment at only 3 inches (20x closer) in
an attempt to get any sound to even
register. As the sound energy halves
for each doubling of distance (square
law), so sensitivity doubles (~ 6 dB)
for each halving of distance. We saw a
meter reading of less than 50 db with
the meter 20x closer than calibration
distance, indicating the noise contrib-
uted by the motor was likely less than
24 dbA, virtually silent operating at a
few hundred RPM.

PTE

Don Labriola, P.E.,
is President of QuickSilver
Controls Inc., a producer of
servomotors and controllers.
(quicksilvercontrols.com).
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Ball Bearing Thermal

Speed Rating

Norm Parker, Stellantis

Hello folks, I hope all is well in bearing
land. I had a chance to meet up with
some old bearing pals over the week-
end. We all worked in the same small
bearing office at one time and had
really developed a special relationship
that is hard to find in a mega-complex
corporate world headquarters. A few
of us have left over the years, but we
still all work together occasionally as
customer/supplier. Even though we all
work in different tiers of the business,
we are all feeling the heat of the elec-
trification revolution.

The expectations are high and
workloads are substantial. We all
understand that there is a backside

to this mountain—one where there
are not 10,000 engine part numbers,
transmissions with four planetar-
ies and clutches, no transfer case,
independent axles, exhaust system,
etc. With this potential massive part
reduction, I have already seen two
large, tapered bearing plants in the
United States close with no replace-
ment. Additionally, consolidation
moves throughout the industry. The
companies that supply traditional
powertrain components are trying
to pivot or prepare for the eventual
diminishment—if not demise—of the
120-year-old model of building cars
and trucks. This isn’t going to happen

overnight, but most real predictions
see classic powertrain models at
about 30 percent of today’s numbers
by 2030.

Today, we are not just talking about
heat as a metaphor for workload, we
are talking about physical heat gen-
eration in our bearings. We are going
to talk about ISO 15312:2018 which
discusses the thermal speed rat-
ing. Unlike the limiting speed we dis-
cussed last time, where we're con-
cerned about the strength of the cage
for high-speed dynamic, thermal
speed ratings are focused on the abil-
ity to cool the bearing to maintain a
steady temperature.

Physical heat generation plays an important role in bearing life and operation. Maintaining a steady temperature will be vital as the £V market grows in the fulure.
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Different bearing catalogs have their own thermal speed rating formulas.

Thermal Speed Rating
(from ISI(J) 15312)

Inner ring or shaft washer rotational
speed at which equilibrium is reached
between the heat generated by the fric-
tion in the bearing and the heat flow
emitted through the bearing seating
(shaft and housing) under the refer-
ence conditions

Note 1 to entry: The thermal speed
rating is one among various criteria
which permit comparison of the differ-
ent rolling bearing types and sizes with
regard to their suitability for operation
at high speed.

Note 2 to entry: Mechanical and
kinematic criteria which could lead to
further speed limitations are not taken
into account by the thermal speed rat-
ing. (ISO 15312:2018(E), p2)

Literature from Schaeffler can be
interpreted to have a different mean-
ing, referring to the thermal speed
rating as an ancillary value to the

thermally safe operating speed, which
is defined in DIN 732:2010.

The thermal speed rating n, is used
as an ancillary value when calcu-
lating the thermally safe operating
speed ny. This is the speed at which,
under defined reference conditions,
a bearing operating temperature of
+70°C is achieved.

The thermal speed rating is not a
speed limit for the application of a
bearing. It is primarily for the purpose
of comparing the speed suitability of
different bearing types under defined
reference conditions.

A speed limit taking account of the
thermal balance can be calculated using
the thermally safe operating speed.
[medias.schaeffler.us/en/speeds]

As I am going through these stan-
dards and bearing manufactur-
ers’ literature, I am finding different
interpretations—or  definitions—or
both—between different sources. For
instance, if you refer to the online

catalog for Schaeffler’s standard 6205
ball bearing; Limiting Speed: 19,600
rpm. Reference Speed: 14,400 rpm.
Where SKF’s similar 6205: Limiting
Speed: 18,000 rpm, Reference Speed
28,000 rpm. Recall the limiting speed
is that mechanical rating we dis-
cussed previously (which are rea-
sonably close); however, it is obvi-
ous they are not referring to the same
reference speed. Interestingly, SKF
makes no definite statement about
DIN 732 where Schaeffler does. I sus-
pect these two standards play into
part of this disconnect.
medias.schaeffler.us/en/
product/rotary/rolling-
and-plain-bearings/ball-
bearings/deep-groove-ball-
bearings/6205/p/354175

skf.com/group/products/
rolling-bearings/ball-bearings/
deep-groove-ball-bearings/
productid-6205

The thermal speed rating is not a speed limit for the application of a bearing. It is primarily for the purpose
of comparing the speed suitability of different bearing fypes under defined reference condlitions.
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If you are sufficiency confused, you are not alone. Let’s just jump into some calculations and see if we can figure this mess
out. I will stick with the 6205 (25x52x15 mm) as the reference for 15312.

To get started, there are some reference conditions to note.

o Operating temperature, or Reference temperature 6, = 70°C

« Ambient or external Reference temperature 6,,= 20°C

o The applied load P;, is five percent of the static load rating Cor. The SKF Cor is
7.8kN. P,,:0.05x7.8=390 N

o A mineral oil without EP additives having the following kinematic viscosity v,
12 mm?/s at 6, = 70°C:

« Qil bath lubrication with an oil level up to the center of the rolling element in
the lowest position.

e Size up to 1,000 mm bore

e Internal radial clearance N

o No contact seals

Let’s start with the governing equation or work backwards. The thermal speed rating ng, is given as
T Ngyr

- 2
30-103 : [107-f0r . (vr-ner) /3 .dr3n +f1r 'Plr'dm] =g, A,

Where:
v, = 12 mm?/s (reference condition)
d, mean diameter = 1/2 (25+52)=38.5 mm
d,’ = 38.5’=57,066.63 mm’®
fo- - Coefficient for the load-independent frictional moment for the reference conditions
fi- - Coefficient for the load-dependent frictional moment for the reference conditions
From Table A.1 for single row deep groove ball bearings dimension series 02
f,=2, £,=0.0002
P;,=390N (reference condition)
q., reference heat flow density (@ Reference heat flow W)

qT - Ar
Conveniently this is estimated for bearings under A, 50,000 mm? as g, = 0.016 W/mm?
A: heat emitting reference surface area
A=mB(D+d)
A, (6205)=m15(52+15)=3157.3 mm®
Plugging in the known values:
mwT-n
30_—1"63- [10-7 .2 (12 ny,)*/3 - 57066.63 + 0.0002 - 390 - 38.5] =0.016-3157.3
wn gy . ) 2 _
20105 |0.0114 - (12 ng,) s + 3] = 5052

(Hint: I had to break out the Ti89 numerical solver)
Which is: ng, = 13,300 rpm.
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Ok, so this is the thermal speed
rating which is looking similar to
Schaeffler’s Reference Speed of 14,400
rpm (probably within rounding error)
but nowhere close to SKF’s 28,000 rpm
reference speed. By this definition,
this is the speed that would get you
to 70°C from room temperature with

no external heat with a very light load
running in an oil bath. Recalling a line
from earlier: The thermal speed rat-
ing is not a speed limit for the applica-
tion of a bearing. It is primarily for the
purpose of comparing the speed suit-
ability of different bearing types under
defined reference conditions.

Reference conditions are needed fo determine the thermal speed rating for bearings.

We are going to have to leave this
here for the next blog where we go into
the DIN rating and compare several
different suppliers limiting and refer-
ence speeds. The search for the true
load rating is turning into quite the
search, but we will get there!

PTE

Norm Parker is currently the Sr. Specialist
Roller Bearings—Propulsion Systems at
Stellantis. He's been contributing to PTE's
“Bearings with Norm” blog since 2014.
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Validation of the Calculation of
Dynamic Tooth Root Stresses

Moritz Zalfen

Introduction and Motivation
The development process for gear
transmissions in the fields of elec-
tric mobility and turbomachinery is
characterized by increasing require-
ments with regard to the transmit-
ted power, the required installation
space, and the operating conditions.
On the one hand, the increasing elec-
trification of powertrains is causing an
increase in operating speed (Ref. 20).
On the other hand, due to the high-
efficiency requirements in aircraft
engines, gearboxes with extremely
high power requirements and oper-
ating speeds are used (Ref. 33). Due
to the increasing speeds in the pow-
ertrain, the power transmitting com-
ponents are loaded with a high num-
ber of load cycles and the load speed
is increased Ref. 5). The gears used,
achieve load cycles in the Very High
Cycle Fatigue (VHCF) range with 107 <
Ng < 10° load cycles (Ref. 29). This can
lead to a decrease in fatigue strength
depending on the material and surface
treatment (Refs. 6, 32). For gears in
high-speed applications, methods for
determining the remaining service life
of a component in operation are nec-
essary. On the one hand, the acqui-
sition of condition data by means of
suitable sensors for continuous moni-
toring is required. On the other hand,
an intelligent evaluation of these data
to assess the condition of the compo-

Figure 1 Speed influence on the fatigue strength.

nent must be developed. Crucial for
a correct calculation is the material
strength at the operating point and the
real stresses in the high-speed range.

Investigations in materials engi-
neering show that steels exhibit a pro-
nounced dependence of the load-car-
rying capacity on the loading speed
during plastic as well as elastic defor-
mation (Refs. 1, 13, 24, 28, 31). The
left part of Figure 1 shows the speed-
dependent influences on the material
stress and strength of the tooth root.
On the one hand, variable, additional
dynamic loads occur during operation
due to the tooth excitation as a func-
tion of the rotational speed. These are
taken into account in the load capac-
ity calculation of the ISO 6336 using
the speed-dependent dynamic factor
Ky (Ref. 22). On the other hand, the
increased speed leads to a significant
increase of the strain rate in the tooth
root, since the time interval of one
gear mesh decreases while the maxi-
mum stress remains nearly constant.
A classification of previous and future
strain rates in gear applications in the
state of the art shows that the strain
rates in the tooth root of gears reach
or exceed the values from the state of
the art (Ref. 5). The investigation of the
influence of the strain rate in the tooth
root on the tooth root load capacity
has not been carried out in the current
state of the art.
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The investigation of the strain rate
influence on the tooth root load carry-
ing capacity requires the consideration
of different speeds in the test. The right
part of Figure 1 shows the influence of
the speed on the maximum tooth root
stress in operation. Due to the speed-
dependent tooth excitation, it is to be
expected that the maximum tooth root
stress will vary at different speeds as a
result of the dynamics. Before deter-
mining the tooth root load carrying
capacity in the test, it must therefore
be ensured that the influence of the
strain rate on the tooth root load carry-
ing capacity is not superimposed by the
influence of the dynamics and incor-
rect conclusions are drawn. A validated
method for calculating the local and
time-related tooth root stress at vari-
able operating points, taking dynam-
ics into account, is required to differen-
tiate between these influences on the
stress and strength in the tooth root.

State of the Art
Additional dynamic loads in gears
result from internal and external exci-
tations and have a significant influ-
ence on the load carrying capacity and
service life of the gearing (Refs. 2, 22,
27, 34, 35). “Dynamic Tooth Loads”
gives an overview of the relevant
influencing variables on the vibra-
tion excitation and the previous work
on the measurement of additional
dynamic loads. “Standardized Calcu-
lation Approach for Dynamic Tooth
Root Stresses” presents the calcula-
tion approach for dynamic additional
loads according to ISO 6336. “Numeri-
cal Calculation Approaches” presents
numerical methods for evaluating the
vibration behavior.

Dynamic Tooth Loads
The varying tooth mesh stiffness, mod-
ified tooth flanks and external loads
lead to a vibration excitation of the
elastic drivetrain (Refs. 3, 25, 26, 30, 34,
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35). During operation, this vibration
excitation leads to additional dynamic
loads which are superimposed on the
load from the static torque. During the
transition between the meshing areas
at spur gears, e.g., from single to dou-
ble tooth contact, there is a step in the
tooth force due to the changed tooth
stiffness (Refs. 17, 27). At high loads,
the influence of a premature tooth
mesh resulting from tooth deformation
is also superimposed. The load mag-
nification is maximal when the tooth
mesh frequency coincides with the nat-
ural frequencies of the system (Refs. 3,
11, 19, 22, 23, 27, 30, 34, 35). In the case
of these main resonances, the addi-
tional dynamic loads increase and can
lead to premature failure of the gears.
Flank form and pitch errors also lead to
vibration excitation. The relative influ-
ence of the geometry deviations on the
excitation is more pronounced for heli-
cal gears than for spur gears since the
excitation caused by the stiffness varia-
tion is lower for helical gears due to the
higher total overlap (Ref. 27).

The dynamic load increase due to
the vibration excitation from the gear
mesh has been investigated in numer-
ous works on the basis of calculations
and measurements. Bosch developed
a model for calculating dynamic tooth
loads taking into account the periodi-
cally varying tooth mesh stiffness for
variable speeds (Ref. 3). The calcula-
tion results were confirmed by mea-
surements of the dynamic tooth loads
using strain gauges. Winkler carried
out metrological investigations on the
dynamic load of high-speed gears on
a high-speed back-to-back test rig with
up to ng, = 15,000 min™ (Ref. 35). Based
on the results of the investigations,
Winkler developed a calculation model
for quantifying the additional dynamic
loads of spur and helical gears. Rettig
carried out investigations on a back-
to-back test rig up to n;, = 6,000 min™
on the pinion (Ref. 34). Based on the
results of Rettig and Winkler, Rettig
developed a simplified calculation
method for determining the average
additional dynamic loads in the sub-
and supercritical speed range as well
as the main resonance (Ref. 34). The
corresponding calculation principles
were later transferred to the standard

calculation of DIN 3990 and serve as a
basis for the calculation of the Ky factor
of ISO 6336 nowadays (Refs. 10, 22).
Gold analyzed the gear stiffness and
investigated the influence on the gear
dynamics. The natural frequencies of
multistage gears must be determined
with the aid of a spatial computational
model. Only in exceptional cases, e.g.,
low stiffness of the drive elements, the
first natural frequency can be deter-
mined in a torsional vibration model.
The results were confirmed by mea-
surements of the radial and tangential
vibration of the gear shafts (Ref. 19).
Gerber investigated the internal
additional dynamic loads and the
gear damping. A partial absorption of
the vibration energy is caused by the
damping in the drivetrain. Bearing
friction, flow resistance and damp-
ing in the tooth contact play a role.
The damping in the tooth contact is
determined by the existing elastohy-
drodynamic conditions and is strongly
dependent on the lubricant film prop-
erties. For conventional forged steels,
material damping is negligible com-
pared with lubricant damping. In this
case, mesh geometry, velocity condi-
tions and lubricant viscosity are the
main influencing variables (Ref. 18).
Baud et al. used an electrical power
circle test rig to investigate the addi-
tional dynamic loads. The simula-
tion program for the calculation of the
dynamic additional loads was suc-
cessfully validated. The comparison
between simulation and measurement
shows that a detailed model taking into
account all degrees of freedom is nec-
essary for the correct calculation of the
dynamic tooth root stress (Ref. 2).

Standardized Calculation Approach
for Dynamic Tooth Root Stresses
The additional dynamic loads described
canlead to premature failure of the gear-
ing and to noise excitation during opera-
tion. In the standard ISO 6336, the influ-
ence of additional dynamic loads on
the stress in the tooth root is taken into
account by the Ky factor. Various meth-
ods with different degrees of abstrac-
tion are available for determining the
Ky factor. Method A represents the most
accurate variant, whereby the additional
dynamic loads are determined on the

basis of measurements or with the aid
of validated simulation models (Ref. 22).

Method B makes it possible to esti-
mate the additional dynamic loads
without complex and expensive mea-
surements and simulations. For this
purpose, the gear stage is converted
into a single-mass oscillator to enable
classification with respect to the speed.
A distinction is made between the four
ranges shown in Figure 2. In the sub-
critical range, depending on the gear
set, preresonances with correspond-
ing local maxima can occur with
regard to the additional loads. Method
B assumes an additional load that
increases linearly with the speed and
approximates the actual additional
loads. In the area of the main reso-
nance, the additional load becomes
maximum and is represented by a
constant value. The transition region
is characterized by a linear decrease
of the additional load. In the super-
critical region, the additional load is
constant. The amounts of additional
load are calculated separately for
each range, taking into account the
gear geometry (e.g., rotational iner-
tia, meshing stiffness). Method C is
based on method B and uses further
simplifications (Ref. 22).

The described model approach of
method B is often not sufficient, since
the vibrations excite the entire drive-
train and thus influence the vibration
amplitude and frequency. The course
of the actual torque variation is approx-
imated by a linear course of the Ky fac-
tor in the calculation according to ISO
6336. Drivetrain-dependent resonance
points in the sub- and supercritical
range are not taken into account. This
can lead to critical resonance points
not taken into account, especially in
the case of multistage gearboxes and
complex drivetrains (Ref. 22).

Numerical Calculation Approaches
Numerical calculation approaches
enable the operating point-dependent
calculation of the additional dynamic
loads, taking into account the entire
drivetrain and all resonance points.
For an exact consideration of the
dynamic tooth loads, the mapping of
the entire system in six degrees of free-
dom (6 DOF) is necessary (Refs. 2, 19).
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Figure 2 Estimation of the additional dynamic loads according to method B of ISO 6336 [ISO19)].

Friih built a model for the representa-
tion of the gear excitation in the multi-
body simulation (MBS) and integrated
it into an MBS model. The method
was validated by means of experimen-
tal investigations on a gear test rig. It is
shown that for the correct determina-
tion of the resonance points the detailed
mapping of the tooth contact under
consideration of misalighments and
deformations is necessary (Ref. 14).

For the computational investiga-
tion of highly dynamic contact pro-
cesses in gear sets, an FEM computa-
tional model exists, which allows the
consideration of impact processes, but
requires higher computation times
than a quasistatic tooth contact analy-
sis (Ref. 12). The program system DZP
(Dynamic Tooth Load Program) allows
the calculation of the dynamic load
distribution of a single stage consider-
ing multidimensional rotational and
translational degrees of freedom (Refs.
17, 21). In this case, the calculation of
the tooth meshing stiffness is based on
simplified analytical approaches.

With the MBS in connection with
the force coupling element developed
by Gacka and Carl, it is possible to
simulatively map the dynamic excita-
tion in the tooth meshing taking into
account the drivetrain in the torsional
degree of freedom (Refs. 7, 16). In this
way, the dynamic tooth forces in all
operating points can be calculated
taking into account the drivetrain as
well as the gear geometry.

Brecher et al. developed a method
for the penetration calculation of
curved tooth flanks, whose computa-
tional efficiency allows an application
within the MBS. The method allows
the consideration of the influence

of displaced gears on the excitation
behavior in the MBS. The method was
successfully verified by means of a val-
idated FE-based tooth contact anal-
ysis. The application of the method
shows that manufacturing and load-
induced misalignments have to be
considered for the correct representa-
tion of the excitation behavior (Ref. 4).

Summarized, it can be stated that
with the help of today’s MBSs, the
additional dynamic loads in opera-
tion can be quantified in detail as
a function of the rotational speed.
Depending on the selected discreti-
zation of the drivetrain, either the cal-
culation of the maximum additional
dynamic load or the progression of
the additional dynamic load over a
gear mesh is possible. Furthermore, it
is also possible to consider the influ-
ence of modifications and deviations
of the gear. Determining the course
of the additional dynamic load over
a complete tooth mesh enables the
additional load to be converted into
a dynamic tooth root stress. This has
not been done before. With the aid of
a validated method for calculating the
dynamic tooth root stress, it is possible
to take the influence of the dynamics
directly into account when calculating
the tooth root stress.

Objective and Approach
The state of the art shows that the
speed-dependent dynamics have a
significant influence on the stress in
the tooth root. To determine the tooth
root strength at different speeds, it is,
therefore, necessary to calculate the
tooth root stress taking into account
the respective additional dynamic
load in order to be able to separate
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the influences of the strain rate and
the additional dynamic loads. MBS
models offer the possibility of cal-
culating the time-dependent load
curves in detail, taking into account
the individual vibration behavior of a
powertrain. The tooth root stress can
be calculated on the basis of the time-
related load curves. Validation of the
local and time-related tooth root
stresses calculated in this way has not
yet been carried out.

The aim of the report is to validate
the calculation of the local, time-
related tooth root stress curves. To
this end, the tooth root stress is mea-
sured in operation using strain gauges
and compared with the calculated val-
ues. In the first step, the test rig and
the measurement setup and proce-
dure for determining the tooth root
strain in operation are presented. In
the second step, the test setup is trans-
ferred to the Simpack MBS and the
influence of the coupling stiffnesses
on the tooth root stress in operation is
evaluated. In the third step, the tooth
root stresses calculated in Simpack are
compared to the measured values in
the area of quasistatics and dynamics,
and the calculation of dynamic tooth
root stresses in the MBS is validated.
With the help of the validated calcu-
lation method, the tooth root stress
occurring in operation at variable test
speeds or at different test rigs can be
evaluated and taken into account in
the evaluation of the load capacity.

Test Rig and Measurement
Setup

The measurement of the tooth root
strain in operation and the conver-
sion into the tooth root stress was car-
ried out at the 30° tangent in the tooth
root. For this purpose, a helical gear
was equipped with a strain gauge
and installed in a back-to-back test
rig. The test gearing, the application
of the strain gauge, the test setup and
the test and evaluation procedure are
explained below.

Test Gear and Strain Gauge
Application
To investigate the tooth root stress,
the gearing shown in Figure 3 with a
center distance of a = 112.5 mm was
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Figure 3 Test gear geometry and strain gauge application.

used. This was designed and manu-
factured within the framework of the
IGF project 18085/N1 for the measure-
ment of tooth root strain by means of
strain gauges (SG) in quasistatic (Ref.
15). The relatively large normal mod-
ule of m, = 6 mm and the face width
of b = 25 mm allow the application of
a strain gauge chain with ten measur-
ing points. This makes it possible to
record the tooth root strain at differ-
ent face width positions within one
tooth mesh. The strain gauge chain
was applied at the 30° tangent of the
tooth root. The gear has a tip short-
ening of k-m, = -2.5 mm. This is nec-
essary to prevent damage to the strain
gauges and the cabling in the root of
the pinion. The pinion flank is modi-
fied with alead crowning of ¢z, = 3 pm.
The gear is designed with a profile and
lead crowning of c,, = 25 um and c;.
= 32 pm. The manufacturing-induced
twist is ¢, = 160 pm.

The tip shortening and modifica-
tions to the wheel result in a reduced
load-free overall contact ratio of ¢, =
1.03. At a torque of My, = 238 Nm, the
overall contact ratio increases to gy =
1.24. Due to the low overall contact

ratio for a helical gear, a pronounced
single tooth contact area and an
increased vibration excitation occur
during operation. A spur gear with a
number of teeth z, , = 28, normal mod-
ule m, = 4 mm, and pressure angle a
= 18° was used as a reference gear set.
The overall contact ratio of the refer-
ence gear is g, = 1.595.

The measurement signals were
transmitted in the test rig with the aid
of a slip ring transmitter. Since its size
increases with the number of trans-
mission channels, the number of eval-
uated measuring points in the tooth
root was limited to five, see Figure 3.
The strain gauge chain was applied
in such a way that the third measur-
ing point is located in the center of
the tooth. The face width positions of
the individual strain gauges measured
after application are shown in Figure
3. The tooth mesh starts at measuring
point I at the active tooth root diame-
ter of the pinion.

Test Setup
The tooth root stress in operation
was investigated on a back-to-back
test rig according to DIN ISO 14635,

Figure 4 Test rig setup for the measurement of the tooth root sirain.

see Figure 4 (Ref. 9). The test rig con-
sists of a test gear set and a reference
gear set, which are connected via a
torque measuring shaft and a ten-
sion shaft with a clutch. By twisting
the clutch, for example with the aid of
a lever and weights, a torque can be
generated in the power circle shown.
The torque measuring shaft is used to
measure the applied torque with cali-
brated strain gauges. The motor brings
the test rig up to a defined rotational
speed and only has to apply the losses
of the gears, bearings, and seals. This
makes this test concept very efficient
since the drive power is only approx.
10% of the actual power in the power
circle (Ref. 8).

The right part of Figure 4 shows the
integration of the test gear into the
test rig. The signal lines of the strain
gauges on the pinion were led out
of the test gear via a hollow shaft. By
sealing the bore, the gearbox could
be operated with splash lubrication.
The slip ring transmitter was flanged
to the end of the pinion shaft. The
maximum test speed of the slip ring
transmitter and thus of the entire test
setup is limited to n;, = 2,000 min™. To
measure the tooth root stress during
operation, the test rig was tensioned
to different defined torques, each
torque was controlled by means of a
torque measuring shaft and the tooth
root stress was recorded at various
constant speed levels.

Evaluation of the Strain Measurement
The measurement of the tooth root
strain by means of strain gauges is car-
ried out with the Wheatstone measur-
ing bridge. Each strain gauge in the
tooth root was supplemented with a
supplementary resistor on the pinion
shaft to form a half-bridge, see Figure 5.
The voltage across the supplementary
and strain gauge resistors was trans-
mitted via the slip ring transmitter for
each measuring point. With five mea-
suring points and three signal lines per
strain gauge, a total of 15 channels are
required for transmission. The voltage
signals were recorded using the Lab-
view software from National Instru-
ments and internally supplemented to
form a full bridge. Based on the change
in resistance and the proportional-
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ity factor of the strain gauge chain,
the strain at the strain gauge was cal-
culated. For each time step, the strain
was determined for the individual face
width positions. In a subsequent step,
the measured tooth root strain curves
were converted into tooth root stress
curves using Hooks law. Since the cal-
culation methods of the quasistatic
tooth contact analysis and the calcula-
tion methods in the MBS evaluate the
tooth root stress over the pitch angle, it
is necessary to transfer the measured
data into the path domain for the com-

Figure 5 Conversion of the measured footh root strain.

Figure 6 Transfer of the fest rig to the MBS.

Figure 7 Comparison of contact patterns.

parison between calculation and mea-
surement. For this purpose, the time
steps of the measurement were con-
verted into rolling angles using the for-
mula shown in Figure 5. After the con-
version, the tooth root stress related
to the rolling angle for the face width
positions is available.

Simulation Model for the
Calculation of the Dynamic
Tooth Root Stress
The test rig presented in “Test Setup”
and the test gear set used were mapped
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in the Simpack MBS. In the following
chapter, the topology and the model
structure of the simulation model are
described, the contact pattern under
load from the tooth contact analysis is
compared to the contact pattern from
the test rig and the influence of modi-
fied tip stiffnesses and damping on the
tooth root stress is evaluated.

Topology and Model Design

The transfer of the test rig to MBS
requires the simplification of the test
rig. In the MBS, only rotating parts of
the drivetrain are modeled. The shafts
and couplings of the drivetrain are
modeled as linear-elastic bodies with
their eigenmodes. The test and ref-
erence gears are considered as rigid
bodies. The dynamic excitation and
vibration behavior of the gears is rep-
resented by the WZL GearForce6D
user force, see Figure 6.

The dynamic tooth contact analy-
sis GearForce6D was developed by
Brecher et al. and is integrated into
Simpack as a Fortran user force (Ref.
4). The calculation method uses the
positions and rotation angles calcu-
lated by the MBS solver to completely
define the contact conditions, see
Figure 6. Based on these contact con-
ditions, a penetration calculation is
performed for the potential contact
points. With the help of the previously
calculated influence numbers and
the penetrations, the spring model is
solved, and the contact forces are con-
verted to the gear centers. These forces
and torques are finally transferred to
the MBS solver (Ref. 4).

The coupling between gears and
shafts as well as between shafts and
clutches among each other is done
with one degree of freedom in the
direction of rotation. The coupling is
parameterized as a torsion spring-
damper element. The shafts are mod-
eled with six degrees of freedom and
constrained by the corresponding
bearings. The bearing stiffness is cal-
culated using the geometry data of
the bearings in Simpack. The bearing
damping is not taken into account.
The load is applied by twisting the two
clutch halves analogically to the real
test rig. The angle of twist is adjusted
iteratively until the desired torque is
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achieved in the power circle. The oper-
ating speed is specified by applying an
external torque at a defined speed.

Comparison of Contact Pattern
An initial comparison of the simula-
tion model and the test rig is made on
the basis of the contact pattern under
load. For this purpose, the loaded
pinion flank in the test rig was col-
ored with contact pattern paint and
the contact pattern was recorded at
increasing torque levels. The calcu-
lated contact pattern was calculated
using the FE-Stirnradkette (Stirak).
The results are compared in Figure 7.
The drive torques M;, = 140, 336, and
483 Nm were considered.

The contact pattern in the test rig
shows unloaded areas of the tooth
flank at the top left and bottom right
for all torques considered. These are
due to the high amounts of profile and
lead crowning as well as the twist. In
addition, it can be assumed that there
is a misalignment of the two gear axes
in the test rig since the contact pattern
is shifted to the right at low loads. It
was not possible to measure the actual
axes positions in the test rig.

The right part of Figure 7 shows the
contact pattern of the FE-Stirnradkette.
The calculation was performed tak-
ing into account the measured flank
topography at the wheel. The manu-
facturing deviations at the pinion are
< 5 pm and were therefore not taken
into account.

The influence of the axes misalign-
ment was approximated by a lead
angle modification of fy;, = -10 pm.
The amount of correction was deter-
mined iteratively based on the con-
tact pattern and tooth root stress at

different width points. Also in the
FE-Stirnradkette, the upper left and
lower right regions of the tooth flank
are not in contact. Furthermore, a
shift of the contact pattern to the right-
hand side can be seen. The contact
patterns in the test rig and calculation
agree to a good approximation. The
deviations are due to the fact that the
exact position of the axes relative to
each other is unknown. The influence
numbers required for the calculation
using GearForce6D are determined on
the basis of the microgeometry used
for the comparison.

Influence of the Stiffness on the
Dynamic Tooth Root Stress

The dynamic vibration behavior of
powertrains is significantly influ-
enced by the stiffnesses of the individ-
ual components and coupling points.
The stiffnesses of the components,
e.g., shafts, couplings and gears, are
represented by elastic modeling. The
stiffnesses and damping of the cou-
pling points are specified by the user.
Since uncertainties exist here, the
influence of stiffness and damping
on the tooth root stress at different
speeds is considered. Figure 8 shows
the calculated tooth root stresses
from the multibody simulation (MBS)
with rigid and elastic couplings. For
the calculation of rigid couplings,
the corresponding torsional degrees
of freedom were constrained so that
no relative torsion was possible. The
elastic coupling points were modeled
with a torsional stiffness of Cspiine shate =
10° Nm/rad and Creather ey = 5-10° Nm/
rad as well as a torsional damping ofk
=500 Nms/rad. The measuring points
I and V are evaluated as examples.

Figure 8 Impact of stiffness on the calculated tooth root stress.

Ata quasistatic speed of ny,; =100 min™,
no significant influence of the coupling
points on the calculated tooth root
stress is discernible. At an increased
rotational speed ny,» = 1,500 min’, an
influence of the coupling points can be
detected. However, the change in the
tooth root stress is in the range of Aoy <
2 %. Both operating points are outside
the resonance points of the test setup.
At resonance areas, a higher influence
of the coupling points on the system
behavior and the dynamic tooth root
stress is to be expected. Since the test
rig is not operated in the area of res-
onances, it can be assumed that the
influence of stiffness and damping
values that are not calculated exactly
or determined experimentally on the
calculated tooth root stress is negli-
gibly small.

Comparison between
Measured and Calculated
Tooth Root Stresses
The comparison between measured
and calculated tooth root stress is
carried out in the area of quasistatics
and in the area of dynamics. In quasi-
statics, the measured tooth root stress
is compared to the calculated values
of the MBS and the FE-Stirnradkette
(Stirak). In the area of dynamics, only
the results from measurement (SG)
and MBS calculation are compared.
The tooth root stress of the respec-
tive measuring points from the cal-
culation is interpolated using the face
width positions presented in “Test
Gear and Strain Gauge Application,’
since the resolution of the FE mesh
does not match with the exact face

width positions.

Quasistatic

Figure 9 shows the tooth root stresses
from the measurement (SG), the
MBS and the FE-Stirnradkette for the
measuring points I, I, IV and V. The
measuring point III is not consid-
ered, since an increased measure-
ment noise occurred here due to a
defect in the measurement chain of
the strain gauge.

The calculated tooth root stresses
from the MBS and the FE-Stirnradkette
agree with regard to course and maxi-
mum value for all measuring points.
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Figure 9 Comparison of the calculated and measured tooth root stress in quasistatics.

Figure 10 Comparison of calculated and measured tooth root stress at variable speeds.

This was to be expected, since the
MBS method has already been veri-
fied using the FE-Stirnradkette and
the point clouds of the gear teeth
used are identical. Differences occur
between the calculated and mea-
sured tooth root stresses. In par-
ticular, at the beginning of tooth
mesh between 0.2 rad < ¢ < 0.3 rad,
the calculated tooth root stresses
increase faster than in the measure-
ment. In the area of maximum tooth
root stress in the range 0.3 rad < ¢
< 0.4 rad, the measured and calcu-
lated values converge. The maximum
deviation of all measurement points
at the maximum tooth root stress
is between MBS and measurement
Ormaxmpssc = 8.75 N/mm? and between
FE-Stirnradkette and measurement
Omaxsurakse = 4.7 N/mm?. These devi-
ations are Acy < 10% and thus repre-
sent a high level of agreement. The
existing deviations are due to devia-
tions of the strain gauge position in
the profile direction, axis deviations
in the test rig not taken into account
and measurement uncertainties in
the strain gauge measurement.

Influence of the Rotational Speed
The influence of the rotational speed
on the dynamic tooth root stress in
measurement and MBS is shown in
Figure 10. The upper diagrams show
the tooth root stresses at the speeds
n, = 100 min™ and n, = 1,500 min™
over the tooth mesh for the measur-
ing pointII. The measurement shows
that the tooth root stress increases at
the increased speed n, in the region
of the start of mesh at ¢ = 0.1 rad and
decreases in the region of the maxi-
mum tooth root stress at ¢ = 0.35 rad.
The tooth root stress of the MBS sim-
ulation also shows a similar curve.

The lower diagrams show the
section of the maximum tooth
root stress at 0.3 rad < ¢ < 0.4 rad.
The measured tooth root stresses
decrease by approximately Acyeas =
8.8 N/mm? or Ayes = 7% due to the
dynamics. This can be explained
by the subcritical operation points
from the measurements. Only in the
main resonance the excitation of the
drivetrain, which corresponds to
maximum tooth root stress, and the
additional dynamic load occur at the
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same moment. In the MBS, the effect
is less pronounced with a decrease
of Acwss = 5 N/mm? or Awss =~ 4%. The
fundamental influence of the rota-
tional speed on the dynamic tooth
root stress is represented by the
MBS. The differences can be attrib-
uted, among other things, to the fact
that in the measurement, imbal-
ances, pitch errors, and radial run-
out have an influence on the vibra-
tion behavior. These influences are
not yet mapped in the MBS.

Summary and Outlook

The investigation of the strain rate
influence on the tooth root load
capacity requires the consideration
of different speeds in the test. Due to
the speed-dependent excitation, it
is to be expected that the maximum
tooth root stress will be different at
different speeds due to the dynam-
ics. Before determining the tooth root
load capacity in the test, it must there-
fore be ensured that the influence of
the strain rate on the tooth root load
capacity is not superimposed by the
influence of the dynamics. In order to
differentiate between these influences
on the stress and load capacity in the
tooth root, a validated method for cal-
culating the local and time-related
tooth root stress at variable operating
points, taking dynamics into account,
is required.

The aim of the report is to validate
the calculation of the local, time-
related tooth root stress curves. For
this purpose, the tooth root stress is
measured in operation with the help
of strain gauges and compared with
the calculated values. In the first step,
the test rig as well as the measure-
ment setup and procedure for deter-
mining the tooth root stress in opera-
tion are presented. In the second step,
the test setup is transferred to the
multibody simulation Simpack and
the influence of the coupling stiff-
ness on the tooth root stress in oper-
ation is evaluated. In the third step,
the tooth root stresses calculated in
Simpack are compared with the mea-
sured values in the area of quasistat-
ics and dynamics and the calculation
of dynamic tooth root stresses in the
multibody simulation is validated.
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The measurement of the tooth root
stress in operation was carried out with
the help of strain gauges in the tooth root
on a back-to-back test rig. The transmis-
sion of the measurement signals was
carried out by a slip ring transmitter,
which limited the maximum speed of
the test set-up to ny, = 2,000 min™. The
real position of the strain gauges in the
tooth root was measured and taken into
account in the evaluation of the cal-
culated tooth root stresses. The mea-
sured strain in the tooth root in the time
domain is converted into a tooth root
stress in the path domain.

The test setup is transferred to the
multibody simulation Simpack. There,
the shafts and couplings are mod-
eled as elastic bodies with their eigen-
modes. The coupling points, e.g.,
between gear and shaft or between
coupling and shaft, are modeled by
torsion-spring-damper elements. The
gears and their characteristic excita-
tion are represented by GearForce6D.
This also enables the calculation of the
dynamic tooth root stress taking into
account the dynamic displacements
and loads. The comparison of the con-
tact patterns under different loads
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does not show any significant differ-
ences between test rig and simulation.
The coupling parameters torsional
stiffness and torsional damping have
no significant influence on the calcu-
lated maximum tooth root stress and
the course over the mesh at the oper-
ating points considered outside the
resonance points.

The quasistatic comparison between
the measured tooth root stresses and
those calculatedinthe FE-Stirnradkette
and the MBS at n;, = 100 min™ shows
a high level of agreement in the area
of the maximum tooth root stress. In
the dynamic range at n;, = 1,500 min™,
the measurement shows an increase
in the tooth root stress in the area of
the mesh start and a decrease at the
maximum tooth root stress compared
to the quasistatic case. The tooth root
stress calculated in the MBS also
reproduces this effect. However, the
decrease of the maximum tooth root
stress in the MBS with Aygs = -4% is
about half as large as in the measure-
ment with Ay, = -7%. This is due,
among other things, to imbalances,
pitch and runout errors that are not
taken into account in the MBS.

The results of the analyses show
a high level of agreement between
the calculated and measured tooth
root stresses, both in quasistatic and
dynamic operation. The calculation
of the dynamic tooth root stress with
the help of the MBS was success-
fully validated. GearForce6D can be
used for the simulation of differ-
ent test rigs or operating points to
investigate the strain rate influence
and enables the quantitative evalu-
ation of the speed influence on the
maximum tooth root stress at the
operating point. The next step is
the investigation of the strain rate
dependency of the tooth root fatigue
strength of gears regarding different
operating speeds.
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ABB

TO ACQUIRE SIEMENS LOW VOLTAGE NEMA MOTOR
BUSINESS

ABB recently announced it has signed an agreement to pur-
chase Siemens’ low voltage NEMA motor business. With
manufacturing operations in Guadalajara, Mexico, this
acquisition provides a well-regarded product portfolio, a
longstanding North American customer base, and an expe-
rienced operations, sales, and management team. The busi-
ness employs around 600 people and generated revenues
of approximately $63 million in 2021. Financial terms of the
transaction were not disclosed. The transaction is expected
to close in the second quarter of 2023.

This transaction is part of the Motion business area’s prof-
itable growth strategy, and it will allow the NEMA motors
division to enhance its product offering, expand its sup-
ply chain relationships, and improve support to its North
American customer base. It also offers the opportunity to
better support the customers in Mexico with local manufac-
turing and sales. ABB expects to benefit from identified syn-
ergies, and to use the R&D expertise, supply chain relation-
ships, and market access to bring the combined portfolio to
its full potential.

“This bolt-on acquisition creates strong value for ABB’s
NEMA motors division,” said Tarak Mehta, president, ABB
Motion. “Investing in the business and opening up sales
opportunities in North America and especially Mexico will
allow this business to be margin accretive to the ABB Motion
business within 24 months.”

“We have long appreciated the quality and design of these
motors,” Jesse Henson, president, ABB’s NEMA motors divi-
sion, added. “Now that we have met the leadership team
behind them, I am even more confident that together we can
grow our combined businesses faster than either of us could
alone. We look forward to adding the Siemens low voltage
NEMA motor portfolio to our existing offering of ABB and
Baldor-Reliance industrial electric motors.”

abb.com

Global Shop Solutions

CELEBRATES MICHELLE BROWN'S ANNIVERSARY
Global Shop Solutions, a provider of ERP software for
manufacturers in nearly 30 industries, is proud to cele-
brate 10 years of dedicated service from Michelle Brown,
project manager for the company’s U.K. office.
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Brown launched her career as an ERP specialist working
for an aerospace company in the US where she implemented
Global Shop Solutions’ ERP software and oversaw its use and
development for three years. When she decided to move back
to her native country, Global Shop Solutions hired her to
launch their new U.K. operations, which also serves Ireland,
Europe, and Africa. She soon began overseeing implementa-
tions for new customers and quickly advanced to operations
consultant and project manager. Brown also led the way in
building an international team with the experience, exper-
tise, and knowledge to support customers in Global Shops
Solutions’ growing European markets.

“Michelle is a perfect fit for our U.K. operations because
she knows our ERP system inside and out,” says Dusty
Alexander, president and CEO of Global Shop Solutions.
“She’s an expert in manufacturing, quality, implementation,
sales, customer care, and much more. Her friendly smile
and ‘get it done’ attitude make her a favorite of customers
and employees. And she listens to customers in a way that
makes them feel heard and appreciated. We knew we were
getting someone special when we hired Michelle, but she
has exceeded our expectations.”

As U.K. Project Manager, Brown oversees new ERP imple-
mentation strategies, schedules training for new customers,
assists with change management, and works closely with
new customers to ensure a successful ERP implementation.
With current customers, she performs operational checks
and assists them in implementing more sophisticated ERP
capabilities to continuously improve their manufacturing
and increase ROI.

globalshopsolutions.com

Timken

ANNOUNCES NEW EXECUTIVE APPOINTMENTS

The Timken Company recently announced new appoint-
ments for company executives Christopher Coughlin,
Andreas Roellgen, and Natasha Pollock.

"Our long-term strategy has been successful, and as a
result, Timken has grown and evolved into a leading diversi-
fied industrial company with a broad portfolio of products,”
said Richard G. Kyle, president and CEO. "We are focused
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on accelerating the expansion of our portfolio to achieve
greater scale, profitably, and today's leadership announce-
ment will enable Timken's next phase of growth."

Christopher Coughlin has been named executive vice
president and president of Industrial Motion. The Industrial
Motion group includes Timken's diverse portfolio of solu-
tions adjacent to bearings, including automatic lubrica-
tion, linear motion, drive systems, belts and chain, cou-
plings, clutches and brakes, and industrial services. In this
role, Coughlin will build on Timken's engineered bearing
leadership by continuing to diversify and grow industrial
motion offerings to serve customers' future needs. A sea-
soned Timken executive, Coughlin has diversified the com-
pany's business through organic growth initiatives, product
innovation and strategic M&A. He previously led Timken's
global engineered bearings business and the company's
expansive growth in renewable energy. Coughlin joined
Timken in 1984.

Andreas Roellgen has been named executive vice presi-
dent and president of Engineered Bearings. Roellgen is
responsible for the leadership and profitable growth of
Timken's global Engineered Bearings business, which oper-
ates across 42 countries and serves a diverse industrial end-
market mix and customer base. Most recently, Roellgen led
the company's strategy to grow its global market share across
Europe, Asia and Africa and is credited for significantly
expanding Timken's position in China and India. Roellgen
began his Timken career in 1997 and has held bearing busi-
ness leadership roles in sales, manufacturing, supply chain,
strategy and business development.

With the above changes, Hans Landin, group vice president,
will be leaving the company. "We appreciate Hans' many con-
tributions to the company over his 25-year career," said Kyle.
"His strong sales and commercial background and customer-
centric approach were instrumental in advancing Timken's
strategy, and we wish him the best in his future endeavors."

Natasha Pollock, vice president of human resources,
has been appointed an executive officer by The Timken
Company board of directors. Pollock will continue to
advance Timken as an employer of choice that attracts,
engages and develops a world-class team of problem solv-
ers. Since joining Timken in 2001, Pollock enabled the
company's geographic expansion through her develop-
ment of global HR strategy, talent and culture. Pollock
is accomplished in leadership and talent development,
complex organizational change management, employee
engagement, and workplace diversity and inclusion.

timken.com

Steyr

WINS RED DOT DESIGN AWARD FOR HYBRID
DRIVETRAIN

Steyr, a regional agricultural brand of CNH Industrial, has
been awarded the 2022 Red Dot Design Award in the Design
Concept category for its Hybrid Drivetrain—a hybrid diesel-
electric drive system conceived to power lightweight, high-
horsepower tractors.

FIND OUT MORE NOW AT:
WWW.NEUGART.COM/EN-US

POWERFUL SOLUTIONS
FOR RACK AND PINION DRIVES.

Planetary gearboxes with mounted pinion

A gearbox/pinion combination developed
from a single source is the guarantee of
ideal technical coordination for your
rack and pinion drive.

CONTACT:

Neugart USA Corp. | 14325 South Lakes Drive
Charlotte, NC28273 | USA

Phone: +1 980 299-9800 | sales@neugartusa.com

.

NEUGART
Lo
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The Steyr Hybrid Drivetrain was entered into the Design
Concept category, for design concepts and prototypes. As a
winner in this class, the Hybrid Drivetrain will feature in the
next edition of the Red Dot Design Yearbook and be show-
cased in the winners’ area of the red-dot.org website. It fol-
lows the Steyr Terrus CVT tractor, which previously won the
Red Dot Design Award in the Product Design category.

The Hybrid Drivetrain can provide fuel savings averaging
eight percent while delivering higher levels of performance
in the field and on the road, offering enormous efficiency
savings that will benefit both tractor owners and the envi-
ronment. While still only a concept study it has many fea-
tures that will enhance future Steyr tractors.

red-dot.org
steyr-traktoren.com

Motion

ANNOUNCES SENIOR VICE PRESIDENT APPOINTMENT

Motion Industries, Inc. is pleased to announce that Lisa
Solomon has been promoted to senior vice president—
corporate accounts.

Solomon joined the company in 2015 as a business
development manager focused on an automotive industry
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account, before transitioning the same year into an auto-
motive specialist role concentrating on a different automo-
tive account. In 2016, she expanded her role to a corporate
accounts manager overseeing the entire automotive seg-
ment. In 2021, Solomon was promoted to area vice presi-
dent—corporate accounts, leading a team of 16 sales profes-
sionals in the Central Group.

In her new role, Solomon will lead all of Motion’s corpo-
rate accounts in North America, plus other company teams,
including the Corporate Accounts Support group, Corporate
Accounts Development, P2 MRO, Onsite Solutions, Energy
Services, and International Sales. She will report directly to
James Howe, executive vice president—e-commerce, sales
excellence, strategic pricing, and corporate accounts.

“Lisa has been very successful in the area vice president
role and has emerged as a peer leader for our AVPs across
North America,” said Howe. “Her leadership and significant
experience will further strengthen corporate accounts and
maximize growth potential. She is well deserving of her new
and expanded position.”

Motion’s President, Randy Breaux, said, “Lisa is a tal-
ented executive with a wealth of experience and drive. We're
excited to see her lead Motion’s corporate accounts to new
heights”

Originally from Michigan, Solomon graduated from
Central Michigan University with a Bachelor of Liberal Arts
in broadcasting, communications, and marketing.

California CORE

EXPANDS SECTORS TO HELP REDUCE EMISSIONS

The California Air Resources Board (CARB) recently
opened the second round of its Clean Off-Road Equip-
ment Voucher Incentive Project (CORE), providing point-
of-sale discounts on off-road zero-emission equipment.
The project is administered by CALSTART and has $125M
in funding available, more than double the amount allo-
cated to the project when it first launched in January 2020.
Originally only for freight, in 2022, CORE is expanding to
include funding for the commercial harbor craft and agri-
culture and construction sectors.
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Participation in the project has been streamlined for ease
of use, and key elements include:

e Qualified participants will receive vouchers for point-of-
sale discounts on off-road zero-emission equipment, up
to a maximum of $500,000 per voucher

« There is no requirement to “scrap,” sell, or retire existing
equipment

 Additional funding may be available for charging/
refueling infrastructure, equipment operated in
disadvantaged communities, and small businesses

“California is backing up its commitment to clean the air
in overburdened communities and carry out the direction
of the Governor’s Executive Order with a significant invest-
ment in zero-emission vehicles and sustainable transpor-
tation,” CARB Deputy Executive Officer Craig Segall said.
“CORE is specifically designed to assist industry sectors
that currently use off-road equipment and can help clean
up the communities hardest hit by air pollution.”

“The streamlined process incorporates feedback from
program participants, and we are anticipating signifi-
cant interest in this second round,” said Niki Okuk, deputy
director at CALSTART. “The industry is continuing its tran-
sition to zero-emissions and CORE provides a clear market
signal that helps bring new products to the market.”

CORE supports the following nine equipment cate-
gories: On- and off-road terminal tractors, truck- and
trailer-mounted transport refrigeration units (TRUs),
large forklifts and cargo-handling equipment, airport
ground-support equipment, railcar movers and switcher
locomotives, mobile power units (MPUs) and mobile
shore-power cable management systems, construction
equipment, agricultural equipment, and commercial
harbor craft

The first round of CORE resulted in over 460 vouchers for
vehicles and electric vehicle supply equipment totaling over
$62 million, with terminal tractors being the most requested
equipment type.

CORE is part of California Climate Investments, a state-
wide initiative that puts billions of Cap-and-Trade dollars to
work reducing greenhouse gas emissions, strengthening the
economy, improving public health and the environment,
and providing meaningful benefits to the most disadvan-
taged communities, low-income communities, and low-
income households.

calstart.org

Kollmorgen

COLLABORATES WITH VANDERLANDE FOR AGV
TECHNOLOGY

Vanderlande has selected Kollmorgen NDC Solutions
as a technology and service partner for their automated
guided vehicle (AGV) applications. Based on Toyota
Material Handling forklifts equipped with the Kollmor-
gen NDC Solutions technology, Vanderlande aims to
strengthen and grow their portfolio of complete logistic
and warehouse solutions.

Vanderlande offers future-proof logistic process auto-
mation in the warehousing, airports, and parcel sectors.
Its extensive portfolio of integrated solutions—innovative
systems, intelligent software, and life-cycle services—
results in the realization of fast, reliable, and efficient
automation technology.

“Vanderlande and Kollmorgen share a very similar mind-
set. We both have a long history of advanced, industrialized,
and proven automation solutions—with reliability, collabo-
ration and the relentless strive for end-user success being
our common cornerstones. We are convinced that this col-
laboration will drive strong growth for Vanderlande and
Kollmorgen—but above all for our end-users,” says Tobias
Byfeldt, vice president, Kollmorgen AGV.

“Vanderlande strives to deliver the best fully integrated
autonomous vehicle (AV) offering as part of our solutions
for our warehousing, parcel, and airport customers. With
this collaboration we are confident that by combining our
expertise and solutions we can jointly deliver and continu-
ously develop better AV solutions,” adds Daan Stikkel, gen-
eral manager AV Vanderlande.

kollmorgen.com
vanderlande.com

Smalley

WINS GM SUPPLIER QUALITY EXCELLENCE AWARD
FOR 10TH CONSECUTIVE YEAR

Smalley received the 2021 General Motors Supplier Quality
Excellence Award for the 10th consecutive year.
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The award, which was created in 2012, is given to specific
top-performing suppliers that have met or exceeded a strin-
gent set of quality performance criteria. Smalley has now
won the award every year since its inception.

“To win the award every year since it was created is a
testament to our manufacturing, engineering, and qual-
ity teams and our company as a whole. We always put our
customers and quality first,” said Blanca Gerue, quality
systems manager.

SKF

ANNOUNCES SENIOR VICE PRESIDENT APPOINTMENT

SKF announces the appointment of Annika Olme as CTO
and senior vice president, technology development.

smalley.com/quality

Olme joins SKF from SAAB Radar Solutions, where she is
CTO and head of engineering. She has also been managing
director of Arcam, a subsidiary of General Electric. Between
2002-2017, Olme held various positions within SKE

She has a Master of Science in Electrical Engineering from
Chalmers University of Technology and a Master of Business
Administration from Waikato University.

Rickard Gustafson, president and CEO, says: “I'm happy
to welcome Annika back to SKF and look forward to work-
ing with her as we continue to strengthen our technology
development efforts for traditional and future applications
around the rotating shaft”

She will join SKF in October.

Velo3D

ANNOUNCES HERMEUS ACQUISITION OF SAPPHIRE
PRINTERS FOR AEROSPACE APPLICATIONS

Velo3D, Inc. has announced Hermeus, a company develop-
ing hypersonic aircraft for defense and commercial applica-
tions, has acquired an original Sapphire and a large-format
Sapphire XC that is designed for high-volume production.

skf.com
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The printers, both of which will be calibrated for Inconel 718,
will be used to build parts for Hermeus’ Chimera engine and
Quarterhorse aircraft.

“Metal additive manufacturing is a core component of
our plan to vertically integrate production,” said Glenn
Case, CTO at Hermeus. “As we explore the capabilities
of Velo3D’s additive manufacturing technology, we’ll be
looking for ways to increase performance, consolidate
components, reduce weight of our aircraft, and minimize
external dependencies.”

Hermeus was founded in 2018 to radically accelerate air
travel with hypersonic aircraft. The company is an up-and-
coming superstar in the aviation industry with more than
$130 million in funding, including a $100 million Series B
and contracts with the US Air Force. It also has strong sup-
port from NASA and other US government agencies as well
as funding from aerospace innovators like RTX Ventures, the
venture capital group of Raytheon Technologies.

The Chimera engine is a turbine-based combined cycle
engine that will power Hermeus'’ first aircraft, Quarterhorse,
an autonomous aircraft designed to touch high Mach
speeds and prove reusability. Quarterhorse’s first flight is
planned for 2023.

“Hypersonics is an extremely challenging subset of the avi-
ation industry and at the speeds that Hermeus will achieve,
temperature, vibration, and aerodynamics play major fac-
tors in the flight of the aircraft,” said Benny Buller, Velo3D
CEO and founder. “There are not many teams with the deep
experience in hypersonics, aviation, and space flight that
Hermeus has, and we’re truly honored to provide Sapphire
printers to help them achieve their goals. I have no doubt
that they will bring their vision to life and make hypersonic
commercial flight a reality.”

Velo3D’s metal additive manufacturing technology has
seen extensive adoption in the hypersonics and NewSpace
industries due to its ability to build the complex, mis-
sion-critical parts engineers need without compromising
design, quality, or performance. Customers can print exist-
ing designs without the need to design the parts for addi-
tive manufacturing or obtain specialized training. The com-
pany’s solution also helps teams iterate on designs more
quickly and greatly simplify supply chains.

velo3d.com
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November 2-3—-ATX
Minneapolis

Innovation in automation starts here.
Discover and collaborate on automa-
tion solutions that are revolutionizing
the entire production lifecycle—from
design to production to market—and
sharpen your competitive edge. It’s all
available at ATX Minneapolis—part of
Advanced Manufacturing Minneapo-
lis. ATX Minneapolis is the sourcing
home for hundreds of different

types of suppliers. From accessories
to assembly, it has everything, and
more, under one roof. Topics include
automation, 3D printing, robotics,
assembly, manufacturing equipment
and motion control. Exhibitors
include Ametek, FANUC, Faulhaber
Micromo, IKO International, maxon,
and more. The show is colocated with
MD &M, MinnPack, D&M and Plastec.

powertransmission.com/
events/916-atx-minneapolis

November
16-18—Data Centre
World Paris

The way in which we construct and
work with data centers is in constant
evolution. It is essential that we’re
able to adapt to the increasing
digitalization of the economy and
that we can meet the world’s needs.
Data centers are the cornerstones of
our digital economy and Data Centre
World Paris will give attendees the
guidance, inspiration, and knowledge
they need to navigate the latest
technologies and evaluate how they
meet the needs of today’s market. At
Data Centre World Paris, you will find
a plethora of tools at your fingertips
to help you optimize your data centre
and anticipate its evolution. Join

the largest trade show in France
dedicated to the industry, meet the
sector’s expert suppliers, and discover
the latest innovations. Case studies,
panel discussions and specialist

presentations will help develop your
infrastructures and meet the chal-
lenges of tomorrow. Make the most of
this opportunity to network with your
peers and be inspired by renowned
experts and speakers in the data field.

powertransmission.com/
events/914-date-centre-world-
paris

December 5-8 —CTI
Symposium Berlin 2022

CTI Symposium Berlin starts with

two introductory days dealing with
the basics and practice of automotive
transmissions, hybrid, and electric
drives for newcomers and those who
want to refresh their knowledge. This
is followed by the main program with
keynote speeches, panel discussions
and technical presentations. This
includes the exchange of experiences,
R&D results, and opinions with
leading representatives of automobile
manufacturers, suppliers, engineering
consultants as well as officials. The
Symposium offers active discussion of
the latest technologies and strategies
on automotive transmissions and HEV
& EV drives for passenger cars and
commercial vehicles. CTI Test Drives
are available to experience automotive
transmissions and drives in practice.

powertransmission.com/
events/910-cti-symposium-
berlin-2022

January 23-27 -
SciTech 2023

From its creation in 1963, the
American Institute of Aeronautics and
Astronautics (AIAA) has organized
conferences to serve the aerospace
profession as part of its core mission.
Spanning over 70 technical discipline
areas, AIAA’s conferences provide

scientists, engineers, and technolo-
gists the opportunity to present and
disseminate their work in structured
technical paper and poster sessions,
learn about new technologies and ad-
vances from other presenters, further
their professional development, and
expand their professional networks
that furthers their work. Focus areas
include science and technology, avia-
tion, space, propulsion, and energy/
defense. The 2023 SciTech forum will
be a hybrid event which will include
both in-person and virtual compo-
nents, offering attendees the flexibil-
ity and choice of how to participate.

powertransmission.com/
events/911-scitech-2023

February
21-23—-PowerGen
International 2023

PowerGen is the largest network and
business hub for electricity generators
and solution providers engaged in
power generation. Power producers,
utilities, EPCs, consultants, OEMs,
and large-scale energy users gather at
PowerGen International to discover
new solutions as large, centralized
power generation business models
evolve into cleaner and more sustain-
able energy sources. This year-round
platform of digital education, current
and breaking industry news, thought
leadership articles, quality matched
meetings, and industry-leading live
events provide a hub for power gen-
eration professionals to learn and net-
work. The exhibition and conference
examine the clean energy transition
through digitalization, decarboniza-
tion, and efficiency while continuing
to feature unparalleled opportunities
in equipment and manufacturing.

powertransmission.com/
events/909-powergen-
international-2023
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BROWSE OUR
BLOGS!

PTE features blogs to
keep readers updated on
the latest PT trends,
technologies and
industry solutions:

Bearing with Norm: After
a several-years hiatus, we're
pleased to welcome back our
bearings blogger, Norm Parker.

Revolutions: Our editorial
staff provides relevant and
timely articles on a variety of PT
industrial topics.

VISIT

blog/

www.powertransmission.com/
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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
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Production May Var

Delorean gets back to the future with Alpha5 EV

Aaron Fagan, Senior Editor

It can’t be easy starting a new car
company let alone bringing back
an old one that ended almost as
soon as it began. The original
Delorean Motor Company (DMC)
headed by John Delorean went
20ec’rocu|ar|y bankrupt in 1982
ve to issues of quality among
other things. Yet Delorean once
said, “It's inevitable that the com-
pany come back,” and despite
many attempts by various parties to
revive the company over the years,
DMC is now back to the future of
automobiles deep in the heart of
Texas. The San Antonio-based com-
pany is partnering with Volkswagen-
backed Italdesign—which helped
develop the iconic DMC-12—to build the Alpha5. The new
electric vehicle will retain some of the hallmark design fea-
tures, such as rear-window louvers and gullwing doors.

Although John DeLorean is perhaps most remembered for
the car Back to the Future made famous, in the early 1960s
he was Detroit’s golden child. As chief engineer at Pontiac,
he transformed the division from a practical and conserva-
tive carmaker into a vanguard of muscle by dropping a 6.4-
liter V8 engine into a Pontiac Tempest, and thus, the GTO
was born, one of the most legendary cars of all time.

However, ironically, when launching out on his own—pro-
duction of his namesake car began in Northern Ireland in
1981—drivers voiced their dismay from the get-go. While the
DMC-12looked amazing, anyone who drove one quickly dis-
covered how woefully slow they were. The engine produced a
scant 130 hp and the stainless-steel paneling that gave it such
a singular appearance was so heavy it could only travel indo-
lently from 0-60 in 10.5 seconds.

Low performance wasn’t all. The gullwing doors would
stick, the stainless-steel body was impossible to keep clean,
and even the dye from the floor mats would bleed out of the
fabric. In other words, the car was a nightmare inside, out,
and under the hood. Absent a market for slow, expensive,
and undependable cars, DeLorean ceased production after
just three model years.

There are a lot of asterisks surrounding the performance
and design of the forthcoming DeLorean Alpha5, but time
will tell. According to their website, “Actual production
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vehicle performance may differ slightly. Some range and
charge times are preliminary manufacturer estimates based
on the EPA test cycle and are not official EPA values. All offi-
cial EPA values are noted. Vehicle range varies with condi-
tions including weather, driving behavior, vehicle condition
and load, and battery age”

To be sure, the company indicates the car goes from 0-88
mph in 4.35 seconds, which of course is the speed required
to activate a flux capacitor were one to equip the Alpha5
for time travel. And no need for plutonium from the corner
drugstore or to be outfitted with a Mr. Fusion Home Energy
Reactor for the 1.21 “jigowatts,” the Alpha5 has a 100-kWh
battery with a 300-mile range.

While no DMC factory has been selected, the company
announced that only 9,531 of the Alpha5 will be made,
exactly one more than DeLorean built of the DMC-12.
CNET estimates a price of around $125,000. The Alpha5 pre-
miered at Pebble Beach Concours d‘Elegance Award ramp
on August 18 and the Concept Lawn on August 21 and was
publicly revealed on August 29, 2022. DeLorean expects
Alphab5 to be in production sometime in 2024. The number
88 is also the initial number of EV units planned for produc-
tion, which will apparently be tied to NFTs in some way. As I
said, it can’t be easy starting a new car company. If that is all
too much gimmick for you, there is always the 1:64 scale ver-
sion available from Hot Wheels, but like the full-scale ver-
sion, Mattel, too, warns, “Production items may vary from
the photos shown.”
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Honey, I’'m home!

Tired of working nights and weekends
on motion control projects? It’s time
to contact an automation specialist at
SEW-EURODRIVE for help.

We provide a complete package from
start to finish, including project planning,
software, components, commissioning,
troubleshooting, and worldwide support.

Get your free time back!
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FREE Sample
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