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Speed and power,
in perfect sync.

INTRODUCING

IPMax

PERFORMANCE

Brother’'s Premium Efficiency IPM

(Interior Permanent Magnet) Gearmotors.
Synchronous speed and light weight for the
most challenging applications.

* Synchronous no-slip motor provides superior control

Wide speed range can reduce need for multiple ratios

¢ Extreme high efficiency — class ie4 motor PLUS hypoid gearing
¢ High start and stop capabilities

¢ More torque in a compact and lighter package

¢ No fan on most units

Call us today for a sample gearmotor to try out!

at yourside

866.523.6283
BrotherGearmotors.com
Gearmotorsmarketing@Brother.com
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Baldor-Reliance® motors
Local manufacturing
Global support
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For more than 100 years, we've set out to do things better. And that'’s still our goal
today. Every day we produce the AC, DC and variable speed motors you trust and
prefer from Arkansas, Oklahoma, Mississippi, Georgia, and North Carolina.

We are proud to continue to offer the same products and service you prefer with

the global ABB technologies and innovation you deserve.
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PTE Videos
Oriental Motor

This video demonstrates a pick and place
application using three different Oriental
Motor products: Rotary actuator (DGII
Series), compact linear actuator (DRS2

Series) and linear slides (EAS and EZS Series).

www.powertransmission.com/videos/
Oriental-Motor-Multi-Axis-Pick-and-Place-
Application/

ABB Dodge Imperial Bearings )

ABB’s Dodge imperial mounted spherical

roller bearings feature a patented integral

adapter system that makes this bearing

easy to mount and dismount.
This video demonstrates the
simple procedures for installa-
tion and removal.

www.powertransmission.com/

videos/ABB:-Dodge-Imperial-Bearings/ .

Motion Industries: Bishop-Wisecarver
Bishop-Wisecarver shows the advantages of their GV3 Technology.

www.powertransmission.com/videos/Bishop-Wisecarver--GV3-Technology/

Event Spotlight: PowderMet 2018

The conference will feature over 200 worldwide PM
industry experts presenting on PM, particulate materials,
and metal additive manufacturing at the Grand Hyatt San
Antonio, Texas,June 17-20, 2018.

W. powertransmission.com/news/8790/Powdermet-2018/

Stay Connected

Follow us on Twitter
twitter.com/#!/PowerTransMag

Connect with us on LinkedIn
www.linkedin.com/groups/
Power-Transmission-Engineering-
PTE-2950055

Subscribe Online
www.powertransmission.com/
subscribe.htm
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lubricant specifically designed for lubrication of worm
gears. It is NSF H1 registered and NSF/ISO 21469 certified
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Il"mmu' gear reducer OEMs which require synthetic fluids. ISO
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Choose the Form!

In the 1984 film Ghostbusters, Bill Murray and
company were asked by Gozer the Gozerian
to “choose the form” of their destructor. It was
a nNo-win scenario for the heroes, because no
matter what they chose, they were still going
to face death.

I, too, am asking you to “choose the form. But unlike
Gozer, I have no villainous intentions, because the form I
want you to choose is not the form of your destructor, but
rather the form attached to the front of this magazine. I want
you to fill it out. By doing so, you can choose whether you
want to continue receiving Power Transmission Engineering,
and you can also choose the form that works best for you
(print or digital).

If, by some chance, there’s no form attached to your maga-
zine, you still have to choose. There’s another form on page
63. Or just go to www.powertransmission.com/subscribe.htm
if you're reading this online.

In all seriousness, we NEED your response. It doesn’t mat-
ter if you've been receiving the magazine non-stop for more
than a decade (Thanks, by the way, if that’s the case) or if
you've just signed up. If you want to keep receiving Power
Transmission Engineering, you MUST fill this out.

You see, we're completely overhauling the way we handle
your information. That includes your name, job title, com-
pany affiliation, mailing address, e-mail address and so on.
We're doing everything we can to protect that information
and to use it responsibly.
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Many of you are aware that the European Union’s General
Data Protection Regulation (GDPR) went into effect last
month. No doubt you've recently received a flurry of e-mails
asking you to re-opt-in to various lists, because publishers
like us want to be able to continue serving you.

But in many ways, what we’re doing goes way beyond the
GDPR. Yes, we want to protect your privacy. Yes, we want to
use your e-mail address and personal information respon-
sibly. But more importantly, we want to provide you with
information that’s of value to you, and we want to provide
it in the way that makes most sense to you, not us. So we're
asking you to confirm that you want the information, and
we're asking you to specify how you want to receive it.

More importantly, we're asking you to tell us a little bit
about yourself. It's not because we’re nosy. It's because the
information you provide helps us do our job better. Knowing
who you are, where you work and how you're involved with
power transmision products helps us craft our magazine,
newsletters and websites in a way that appeals to the broad-
est spectrum of readers.

If, for some reason, you don'’t find our information useful,
please fill out the form anyway. It really helps us a lot.

For all of you who follow my advice and choose the form, I
offer in advance my heartfelt thanks and appreciation. Your
input and feedback allow us to continually improve.

For the rest of you, I get it. You're busy. Just don’t
be surprised if you get a visit from the Stay Puft
Marshmallow Man.

WWW.F’CIWERTRANSMISSIDN.CCIM]i
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The Gizmo Society

George Holling

It is hard these days to find any device
that is not IoT-compatible or WiFi-
connected. I recently had a new well
pump installed that requires an iPhone
for setup, which makes it hard for me
to check or change the setup since I do
not own an iPhone. In Olden Times,
you had potentiometers or RS-232
connections — and that was fine.

When I came out of engineering
school, the microprocessor had started
to take over. With a microprocessor
we could do everything, and when I
graduated I was eager to prove it. But
I quickly learned that my senior co-
workers were focusing on many other
features and design aspects. While per-
formance and flexibility were impor-
tant, the focus on safety was even more
important.

So a few valuable lessons were
quickly instilled in me:
« There always is a safety shutoff (red

mushroom button) that kills the
power

o Never, ever rely on the computer to
shut the drive off

o Always have safety features; e.g. —a
watch dog timer (WDT) to check the
computer along with a hardware
path (external hardware WDT) that
will cut the power when things go
wrong

« Ifanything does not check, turn it
off

And while I initially may have con-
sidered this a waste, it turns out that
these features saved myself trouble
quite a few times. All it takes is one
incorrectly entered number and things
quickly fall apart—in some cases
quicker than you can imagine. That is
where the red button comes in handy.

I'will readily admit that, in a lab envi-
ronment, we do not always follow these
requirements as religiously as we do in
an actual industrial application. And
there are times when you quickly reach
for the OFF button on a power supply
when things do not go as planned. But
these are typically small motors with
little chance to do any damage in the
event of failure.

As the motors become larger, or the
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potential speed become higher, our
lab tests are fully set up with multiple
E-stop buttons and multiple person-
nel —especially in situations where
the loss of control or a run-away con-
dition poses a physical threat to the
people or the facilities.

One such experience was when
we installed a starter/generator on a
newly developed turbine engine that
was started for the first time with about
20 personnel present in the “bunker”
A chain of command was established
that could initiate an E-stop and deter-
mine which conditions warranted an
emergency shutdown. The actual test

the question remains: “Are we prop-
erly protected against network fail-
ures?” How do you detect a network
failure and how do you respond? A
processor can easily lock up while the
LAN connection may still appear to be
functional.

Now we make the problem worse by
adding WiFi into the equation.

A few years ago we completely re-
wired our wireless office with all name
brand commercial equipment and
switched back from WiFi to a hardwired
LANSs. Since then our productivity has
soared, data losses were almost com-
pletely eliminated, our central servers

was much less impressive. Everything
ran fine and no intervention was
needed, except for a normal shutdown
command.

Today everybody has a fascination
with connectivity, which is not inher-
ently a bad thing, but it can quickly turn
bad if safety is ignored. For instance:
Who/what controls the drive and what
safety features are present? A bad com-
mand, just like a bad number entry in
my younger days, can have disastrous
consequences without the proper safety
mechanisms. Do you solely rely on sen-
sorless feedback or do you have a sec-
ondary hardware loop for added safety?

Evenifthingsgowellonthedrivelevel
and the drive is network-connected,

JUNE 2018

are now instantly updated and our net-
work could no longer be easily moni-
tored or manipulated from the outside.
Even though we would like to think our
standard network encryption is well
protected, that is not the case; WiFi
encryption keys are easily discovered
and bypassed. Wireless networks are
simply not as reliable as hardwired net-
works —and they may never be. They
are susceptible to interference from
other HF sources, electrical noise, etc. I
remember the times when my PC net-
work locked up when all I did was use
my cell phone. And yet I do believe the
newer frequencies have fixed that issue.

Now we add the smartphone into
the mix, where the apps may simply

WWW.F’CIWERTRANSMISSIDN.CUM]i
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SETTING YOUR DESIGNS INTO MOTION

Stock Drive Products/Sterling Instrument is a Contract Manufacturer for synchronous
drive system components and sub-assemblies

N

Get the NEW
Inch Master

Catalog

Large Off-the-Shelf Selection of Timing Belts
We offer a wide selection of timing belts from stock in different widths and materials.
Available profiles are: Miniature FHT, MXL, 40 D.P, XL, L, HTD, GT2, GT3, and T.

SEE OUR TIMING BELT SELECTION
www.sdp-si.com/products/details/timing-belt-detail.php

Cutting Timing Belts to Your Specifications

As a Gates partner we stock an assortment of timing belt
sleeving giving us the ability to cut custom widths on demand.
CONTACT US FOR A QUOTE TODAY
www.sdp-si.com/contact/quote.php

Manufacturing Pulleys for More than 50 Years
Get high-quality machined and molded pulleys to complete your drive system.
Corresponding pulleys are in stock to match with our complete timing
belt offering. Discover the parts that will work best in your application.
USE OUR CENTER DISTANCE TOOL

www. sdp-si.com/eStore/CenterDistanceDesigner

Custom Drive Systems

If a stock item won't meet your need, our engineers can offer
cost-effective solutions, from simple modifications to a custom part.
SEND US YOUR PRINT FOR QUOTING

Stock Drive Products / Sterling instrument
Phone: 800.819.8900 | Email: sdp-sisupport@sdp-si.com | Buy Online: https://shop.sdp-si.com
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Fast.
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.

MCINNES
ROLLED RINTS

1.877.736.4409

www.MclnnesRolledRings.com

not have the required safety features
to deal with the loss of connectivity,
as they were written by young college
grads who may know about network-
ing but who have little understand-
ing of the physical dangers of operat-
ing industrial drives and plants, where
even small errors can quickly have
devastating consequences.

True, some of these thing can also
happen in stand-alone equipment or
when using a hardwired LAN—but
they are less likely to happen.

I hear the firestorm already; but I
stand by my opinion for the reasons
outlined above.

I am all for automation and I believe
that automation and Al will continue
to proliferate, which is good and ben-
eficial. But that does not mean every
piece of equipment has to be con-
trolled via smartphone. My answer
is, and will be, NO for the foreseeable
future. There still is—and will be—a
need for dedicated controllers or PCs
and safe, hardwired networks that do
not allow for any inadvertent access.

Yes, our lives evolve around our
smartphones. But do we want to stake
our business on it? How do we insure
that the system works reliably? How can
I be sure that hackers do not gain unau-
thorized access? And how do we make
sure that someone is not simply goof-
ing off or trying out something that can
inadvertently result in major damage?

We are currently trying to set up a
new building with smart light bulbs.
All of the manufacturers push their
mobile control apps, and we had to
exclude several products that do not
offer PC applications. Why? Because
building codes have special require-
ments and the building must con-
tinue to run and lights must turn on
and off — even when a specific smart-
phone is somewhere else. So while it
may work for one-room recreational
use, it doesn’t work for any large-scale
practical use.

Do we really need smartphone apps
to control industrial networks or is it
justalazy “shortcut” that adds risk with-
out significant benefits? After all, whose
smartphone will be in charge of the
plant and its equipment? If you simply
wanted to know how the plant is run-
ning, you could use your smartphone to

1@ Power Transmission Engineering JUNE 2018

look up the current production reports
and status information online without
having access to individual machin-
ery instead. That is why we intention-
ally create boundaries that keep key
systems safe and then use information
tools to share this information with
those that need to know.

With our lives playing out on
Facebook, and living in a household
managed by Amazon’s Alexa, we are
way too focused on the cool gadgets
and gimmicks. Gizmos control our
lives, but when we apply these designs
for gizmos to industrial automation,
then the gizmos may truly control our
lives and wellbeing.

Technology offers great opportuni-
ties, but it also demands respect. Just
because we can do something does
not mean we should. On the way to an
airport, I was listening to an interview
where a truck driver was testing auton-
omous vehicles for his employer —a
company that develops self-driving
technology. This company wants to
run autonomous trucks from town to
town, and when they arrive in a town
aremote-controlled driver takes over. I
do not know about their networks, but
the ones I know suffer from regular and
occasional hiccups. What do you do
if the connection to the remote driver
disconnects — hit the brakes and stop
without warning and have everybody
slam into the truck?

Why am I nervous about this con-
cept? Because I have my concerns
about self-driving cars; yes, statisti-
cally they may be safer, as opposed to
a distracted human, especially when
we have the dangers of texting and
driving. But a hybrid system that relies
on wireless technology makes me
feel uncomfortable. Nothing will go
wrong — right?

George Holling holds significant influence
in two companies — as technical director of
Electric Drivetrain Technologies (2011-present)
Moab, UT and as CTO of Rocky Mountain
Technologies (2001—present), Basin, MT; George.
Holling@RockyMountainTechnologies.com
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GEAR OILS

Lubriplate’s complete line of premium-quality gear oils has been formulated to deliver unsurpassed performance in a
wide range of gear reducers. They meet and exceed the performance specifications of most gearbox manufacturers
and interchange directly with most OEM oils. Available products include...

100% SYNTHETIC
PAO-BASED GEAR OILS

SYN LUBE SERIES 150-1000

e High-performance, 100% synthetic, polyalphaolefin (PAQ)-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 700 SVNTHeTic, pao-shsed oits
o Super heavy-duty, polyalphaolefin (PAO)-based synthetic gear lubricants.

e Formulated to meet AGMA EP (Extreme Pressure) requirements.
 For Heavy-duty, high load applications where an EP oil is required.

SPO SERIES

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

SFGO “I.THA SEHIES NSF H1 REGISTERED FOOD GRADE
100% SYNTHETIC, PAO-BASED GEAR OILS

o 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 ISO viscosity grades 150, 220, 320, 460, 680 and 1000.
o Fortified with Lubriplate’s proprietary anti-wear additive XTREMITY.D

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

FREVENTS WEAR and

CORROSION

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

Lubriplate’

Lubricants

£ W in

ADVANCED 100% SYNTHETIC
PAG-BASED GEAR OILS

PGO & PGO-FGL SERIES

o 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, 1SO 460 grade, polyalphaolefin (PAO)-based worm gear oil.
o Formulated especially for worm gear applications.
* Provides excellent lubricity and oxidation resistance.

® 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.

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

Backed By: Lubriplate®

ESP

Complimentary Extra Services Package

Plant Surveys / Tech Support / Training
Color Coded Lube Charts & Machine Tags
Lubrication Software / Follow-Up Oil Analysis
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EXAMINES INFLUENCE OF ELASTIC HOUSING DEFORMATIONS ON THE LOAD DISTRIBUTION WITHIN ROLLER BEARINGS

Elastic housing deformation can have
an impact on the load distribution
within rolling element bearings. For
many applications this is neglectable,
but for large bearings or soft housings, it
can be of interest to consider this effect.

The MESYS shaft system calculation
could take into account housing stiff-
ness based on a global matrix or an
import of a STEP-file or a FEA-mesh for
several versions. The housing stiffness
was considered as one node at the cen-
ter of each bearing ring. The ring itself
was still cylindrical or has user defined
deformations.

At Hannover 2018, MESYS AG pre-
sented a preview of the MESYS shaft
system calculation, which considers a
coupling between housing deforma-
tions and deformations of bearing rings.
The housings can be imported as STEP-
model or they can be defined paramet-
rically for simple rotation symmetric
cases. The STEP-model is then meshed
and statically reduced. Optionally a
modal reduction is possible too.

This simple example shows first a
deep groove ball bearing in a rect-
angular block, which is fixed at the
bottom side. The bearing is loaded
horizontally.

On the left the deformations and the
load distribution with consideration
of elastic deformations of the bear-
ing ring, on the right one the averaged
deformation of the housing is consid-
ered with a circular bearing ring:

The maximum contact stress
is 3285MPa with elastic ring and
3175MPa with rigid ring. The horizontal
displacement is 0.052mm with elastic
ring and 0.051 mm with rigid ring. The
vertical displacement is 0.01 mm with
elastic ring and zero with rigid ring. The
vertical uplift is only visible using the
elastic model. As comparison the hori-
zontal displacement without housing
stiffness, which would be 0.032 mm.

While the contact stress is independent
on the load direction using the rigid ring,
there is a dependency of contact stress
from load direction using the elastic ring:

-]
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With a force angle of 0° (force to the
top) the lowest contact stress results,
while the maximum stress results at
about 110° load direction. The over-
laid variations in the curve have their
reason the fixed positions of the rolling
elements in the calculation.

For this example, a bearing clear-
ance of zero was considered. Using a
larger clearance would lead to higher
contact stress for the cylindrical ring.

Cross roller bearing example
As second example a cross roller bear-
ing under axial, radial and moment
load is considered. The loading acts on
the upper surface and the lower cylin-
der is fixed at the bottom face.

The contact stress is shown for three
cases. First a full calculation with 3D
solid elements without reduction, then
for a bearing with rigid rings and a cal-
culation with reduced FEA-model in
the shaft system calculation.

FIERANE (TS ik Ceaings Do 2ngie

Contact stress [MFa]
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For more information:

Contact stress takes a little more than 3 minutes,
_ . . Mesys AG
2000 + S Toouter rece Ri while a calculation for one load case of Phone: +41 44 4556800
. . inner race R1
= 17501 Sy the reduced model only takes less than ~ www.mesys.ch
S 1500 T™G 3 a second. The full 3D-model would
g 12507 : allow to consider nonlinearities like
® 10007 contact, while the reduced model is a
g 75071 : linear stiffness matrix only.
§ s007: A preview version was available at
2507 ' the Hannover Fair, the final version
0Shgn SURCSRRES4R with coupling of housing stiffness and
elastic ring deformations will be avail-
Position of roller [°] able with version 08/2018 this fall.
Contact stress
Cpae e
— 17501
£
= 15007 ™ ¢
§ 12507 ¢ ¥
£ 100071 ; i
§ 7ol =. FOCUSING ON ONE
N L
S 5007 H &
Sapi THING KEEPS YOU
ey i
Position of roller [°]

METRIC IS ALL WE DO;
The maximum contact stress is "
1941 MPa for the full 3D-model, WE B ETTEIDI DO ‘T B EST
2078 MPa for the bearing with rigid
rings and 1917MPa for the reduced
model. A larger difference is seen at
the rolling element forces which are
3734 N, 4540 N and 3719 N. , e’ D

The curves for the contact stress for | e s
the two elastic cases in above diagrams ' ‘
show the same shape with maxima of
both races at the same level. In case of
the rigid rings one race sees a higher
contact stress. A comparison of the
axial deformation is difficult because
of the large deformation of the top.
For the radial displacements there is
a result of 0.03mm for the rigid case
and an average radial displacement of
0.2mm (0.19mm) in the elastic cases
(the average value is determined dif-
ferently in both cases).

In many cases the deformations of the
bearing rings lead to a larger load zone
and therefore to a smaller contact stress.

The full 3D-model is a little soft-
ware than the reduced model as the
reduced model uses the same tilt-
ing angle for both races in a ring. The

reduced model does currently only LAFE RT AWEA'%‘Z =
consider global ring deformations, but "'E“"As A’i‘)
no deformation within the ring. This is nORTHAmE RICA e Bocho.sachasicl by
aspecial case for a cross roller bearings YOUR BEST SOURCE FOR METRIC MOTORS B &

as it contains two rows.
A calculation using the full 3D model

Toll Free: 1.800.661.6413  Fax: 1.905.629.2852 www.lafertna.com sales@lafertna.com
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MOLON

MOTOR & COIL CORPORATION

CERTIFIED
I1SO 9001-2015
I1SO 13485

Motor Solutions
Thru
American Innovation

We don’t leave the
manufacturing and
engineering of our
products to other
countries.

AMERICAN
MANUFACTURER
EST. 1954

VISIT OUR WERSITE:

www.Molon.com

Faulhaber

OFFERS MICROMOTORS FOR
MEDICAL APPLICATIONS

Diabetes is among the most com-
mon diseases in today’s societies. If
the disease is not treated in time or
treated incorrectly, important or-
gans, such as heart, eyes and kidneys
could suffer serious damage. Chron-
ically ill patients can optimally con-
trol their treatment with an insulin
pump - supported by micromotors
from Faulhaber.

There is, in fact, a relatively recent
technological  development that
should considerably simply life for dia-
betes patients: the insulin pump. The
patient wears it directly on the body.
It constantly delivers a small quantity
of insulin to the blood; the additional
insulin required at mealtimes can be
controlled by pressing a button. It does
not eliminate the need for patients to
estimate their carbohydrate intake, but
it is a huge relief for most users in daily
life. It is even already in use by small
children and can be remotely con-
trolled by parents.

Though available from various man-
ufacturers, the design of insulin pumps
is always similar: an ampoule contains
the insulin, which enters the body as
needed by means of the battery-oper-
ated pump via a catheter and a can-
nula. A small motor pushes the plug
of the insulin ampoule forward via
the threaded rod, causing insulin to
be released. Extremely high demands
are made of the motor: In order to
keep down the weight of the wearable
device the motor must be compact,

il
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and as a rule the diameter must be no
more than about 10 millimetres. The
motor must be reliable and precise,
since too little or too much insulin is
harmful to the patient. A human life
may even depend on the reliability of
the motor that is used. Since the insu-
lin has to be injected into the body
every few minutes, the motor must
start and stop at regular intervals. In
addition, the motor must operate in a
very efficient manner due to its battery
operation.

In order to fulfil all of these high
demands, insulin pump manufac-
turers rely on the micromotors from
Schoénaich. Various motors produced
by Faulhaber are used here: Motors
with precious-metal brushes, brush-
less motors with 2-pole technology and
stepper motors. The 0816...SR series is
an example of micromotors with pre-
cious metal commutation. The brush-
less DC-servomotors of series 0620...B
and 0824...B have an extremely long
service life. Precision dosing control
is possible here using the analogue
Hall sensor. Some manufacturers rely

on the stepper motors of series AM

0820 or AM 1020.

The insulin pump is primarily
used by diabetes patients as a wear-
able medical pump, but other appli-
cation areas are emerging—patients
with other chronic illnesses such
as Parkinson’s disease or immuno-
deficiency are also reliant on regu-
lar injections. Faulhaber stepper
motors of the AM 0820 series are

(€~ already in use here.

For more information:
Micromo (Distributor of Faulhaber)
Phone: (727) 572-0131
www.micromo.com
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SETTLE FOR —_—"

PART OF A =

HOTEL ROOM. ) = L

A hotel with no beds isn't worth your time. Neither is a service

E PHILADELPHIA provider with only partial drivetrain coverage.
GEAR

Get the complete solution with Philadelphia Gear. As part of
Timken Power Systems, we provide inspections, upgrades, and

POWER SYSTEMS BY TIMKEN

repairs to every component of your drivetrain.

And with 24/7 on-site assistance from a proven network of ISO
9001-certified service centers, our solution means you'll never lose

sleep over partial drivetrain coverage again.

ELECTRIC MOTORS ® GENERATORS ® CONTROLS ® SWITCHGEAR ® BEARINGS ® COUPLINGS * GEAR DRIVES

SEE THE FULL SOLUTION AT TIMKENPOWERSYSTEMS.COM/RESTEASY
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Maxon

WD OFFERS EXOSKELETON JOINT

BALL & ROLLER ACTUATOR
BEARINGS

Maxon Motor has developed an exo-
skeleton drive for use in robotic limbs.
This complete joint actuation unit con-
sists of a pancake brushless DC mo-
tor with inertia optimized rotor. Also
included is an internal high resolu-
tion encoder, planetary gearhead with
absolute encoder and a position con-
troller with CAN and RS232 interface.
Fitting absolute encoder directly at the
joint rotation provides designers in-
creased positioning accuracy. The unit
delivers 54Nm of continuous torque . .
and 120 Nm on a 20 percent duty cycle ~ FOr more information:
: Maxon Motor
and may be operated on supplies be- Phone: (508) 677-0520

PREMIUM BALL BEARINGS tween 10 and 50VDC and the actua- Www.maxonmotorusd.com

tion speed is up to 22rpm. Other key
FOR ELECTRIC MOTORS features include: compact housing, in-

tegrated controller and reduced weight

R High Speed and cost.

* Low Noise o e
Bonfiglioli

OFFERS ROBUST AND COMPACT WHEEL DRIVE FOR HYBRID AERIAL PLATFORMS

* Short Delivery The 605WE wheel drive, designed and developed by Bonfiglioli, has been created
in cooperation with one of their customers for a new innovative hybrid aerial plat-
form. Bonfiglioli 605WE, which provides an output torque of up to 10.000 Nm, is
a 3-stage gearbox with a fully-integrated 8 kW electric motor and parking brake
that guarantees maximum efficiency and compact size. The integration of all the
components in an optimized space gives the machine builder the opportunity
to benefit from a cost-effective solution easy to maintain. Thanks to the direct-
mounting flange, it is also easy to install. The 605WE series perfectly adapt to both
hybrid and electric applica-
tions. The special degree of
protection (IP67) and the
special painting coupled with
high torsional resistance wir-
ing makes it suitable for four-
steering wheel vehicles, even
in harsh environmental con-
| ditions faced in any construc-

- 1/ tionsite.

For more information:
Bonfiglioli USA

Phone: (859) 334-3333
www.bonfiglioliusa.com

Quality Creates Value

* Low Vibration

~—

Call us for engineered solutions

888-334-3777

www.wd-bearing.com
WD BEARING GROUP
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Drake
Motorsports
Development

OFFERS HIGH PERFORMANCE POLYMER
PARTS

Drake Motorsports Development, LLC
was recently formed to accelerate the
availability of track proven race parts
and to continually develop new racing
products from aracing industry insider
perspective. The first part developed
is an offset control arm bushing ma-
chined from Torlon 4435. The bushing
delivers an increased static negative
camber range of adjustment for the
front wheels, which is used as a sus-
pension tuning method to optimize
tire contact under high lateral loads.
Tyler Quance, owner of Drake Motor-
sports Development, and the engi-
neering manager for Drake Plastics,
has been racing a Spec Miata with a
set of these bushings since mid-2017.
During this time, the bushings have
shown no measured wear. The bush-
ing material is self-lubricated and
requires no grease, making a totally
maintenance-free, non-consumable
part which is intended to last as long
as the racecar.

The bushing was designed in col-
laboration with Chris Haldeman and
X-Factor Racing of Princeton, Texas.
This collaboration resulted in a deci-
sion to supply the bushings already
installed in control arms with a steel
anti-rotation dowel pin to ensure
each bushing stays in place under
demanding race conditions, and to
finish ream the offset hole after instal-
lation for a precision fit with the steel
inner sleeve. This process saves the
customer a great deal of time and has-
sle during installation and ensures
the bushing set is aligned to deliver
maximum available front wheel cam-
ber in a ready-to-bolt-on assembly.

The extreme wear resistance and
excellent lubricity of Torlon 4435 pro-
vides the combination of improved
performance and improved part life.
This grade and suspension bushing
application supplied previously by
Drake Plastics, has a pedigree with
the Risi Competizione Ferrari race

Your Objective:
One face in perfect alignment with another. For infinity.

| Al

No problems. No distress. No delays.

That’s the same objective you have for choosing your gear producer.
Circle Gear’s objective is to engage with every customer’s objectives.

B One to 1000 gears

B Customer designed or reverse engineered
P Gearbox repair, rebuild or redesign

B OEM or end-users

B ISO 9001:2015 Certified

Spiral and Straight Bevel Gears (Cut, Ground or Lapped) * Spur Gears ¢ Helical Gears ¢
Long Shafts ¢« Herringbone Gears ¢ Involute and Straight Sided Splines ¢ Internal Gears
Worm and Worm Gears * Racks * Sprockets ¢ ISO Certified

1501 S. 55th Court, Cicero, IL 60804
(800) 637-9335

(708) 652-1000 / Fax: (708) 652-1100
sales@circlegear.com
www.circlegear.com

. §\\\ Partnering with QualityReducer to provide
‘& X4 Gearbox repair, rebuilding and reverse-engineering.
Ay
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team. Now that Drake Motorsports
Development is assembled to expand
the accessibility of Torlon 4435 bush-
ings as performance aftermarket parts,
Torlon is poised to obsolete tradi-
tional bushing materials in higher-
end performance and racing appli-
cations. According to Quance, “once
drivers and race prep shops try Drake
Motorsports Development’s Torlon
4435 suspension bushings, I expect
they will want to use them exclusively.”
The second part launched by Drake
Motorsports is a high-performance
polymer transmission shift bush-
ing machined from Torlon 7130.
Prototypes were run in 3 different
cars for the NASA Spec Miata Eastern
States Championships at Sebring in
September 2017 with excellent results.
According to Bret Synder, lead crew
member for Drake Racing and driver
himself, “the shift bushing is almost a
forgotten part until it becomes a prob-
lem from excessive wear or breakage.”
The thermoplastic bushing maintains
the impact-absorbing characteris-
tics of the OEM Mazda bushing other
aftermarket metal replacements can-
not. This means internal gearbox com-
ponents remain isolated from severe
hard-shifting impact as designed by
Mazda. Torlon 7130 is one of the stron-
gest and most durable polymers mak-
ing what is generally accepted to be a
consumable part one which now lasts
indefinitely.
For more information:
Drake Motorsports Development, LLC

Phone: (281) 255-6855
www.drakemotorsportsdevelopment.com

f Option 1:
e
Option 2:
e
—
.

B&R Automation

SIMPLIFIES MANAGEMENT OF MACHINE VARIANTS WITH SOFTWARE TOOLS

Modular applications can now be
implemented even more easily. B&R’s
new software component, mapp IO,
makes it possible to add I/O modules
at any time. This can happen before a
machine is delivered or even at run-
time, thereby greatly simplifying the
task of managing variants of machin-
ery and equipment.

With mapp 10, 1/0 configurations
can be generated directly from an
ERP or order management system.
No engineering tools are required,
even if third-party drives or modules

Aerotech

INTRODUCES ECO SERIES LINEAR STAGES

Aerotech’s ECO-LM and ECO-SL se-
ries linear stages combine high perfor-
mance and rugged mechanical design
in a cost-effective, economic package.
A comprehensive choice of direct-
drive linear motor, rotary servomotor,
or stepping motor versions is available
across 44 models with travels from
50mm to 800 mm, plus vacuum and
cleanroom versions.

The ECO-LM series direct-drive
linear motor stages are optimized
with high precision, noncontact lin-
ear encoders. The precision non-
contact encoders enable minimum

18 Power Transmission Engineering JUNE 2018

are added. Additional variants and
options are configured directly on
the machine using mapp IO and then
programmed using mapp CodeBox.
With mapp CodeBox, you can program
options in ladder logic without affect-
ing the machine’s primary application.
The machine can be commissioned
without having to modify the original
machine software.

For more information:

B&R Automation

Phone: (770) 772-0400
www.br-automation.com

incremental motion to 10Nm with
micrometer-level repeatability. The
optional HALAR factory calibration
improves positioning accuracy to
+1.5 ym. The ironless forcer coil pro-
vides high force with zero cogging for
smooth velocity and position control,
ideal for applications requiring out-
standing contour accuracy and smooth
velocity profiling. The linear motor has
zero backlash, no windup, zero fric-
tion, and excellent dynamic respon-
siveness. ECO-LM stages are avail-
able in 17 different models with travels
ranging from 100mm to 800mm and
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PREC/SE. ROBUST. AVAILABLE

These new generation CD® Couplings feature zero

backlash precision and high torsional stiffness. They

answer today’s demanding needs in servo motor

applications with high reverse loads and positioning . N Toe—ey

requirements. New clamp style hubs handle ; oy Y-z 11/

increased torque on shafts without using keyways. >

Manufactured of RoHS compliant materials. y
5

1/{/4’((’{{%’

agpArc "

Now size, select and see the right CD® Coupling
solution for your coupling application with
Zero-Max 3D CAD files.

Check our FAST deliveries.

W ZERO-MAX

www.zero-max.com 800.533.1731
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speeds up to 2m/s. Configurable cable
management solutions are available
for single and multi-axis systems as
standard options.

For even more cost-sensitive appli-
cations, the ECO-SL series includes
several NEMA 23 stepper motor and
brushless servomotor options. The
ECO-SL series is designed with many
standard features and options that
make the design adaptable to specific
applications. Several encoder options
provide electrical resolutions ranging
from 0.5um down to sub-nm. A hold-
ing brake can be added for vertical
applications. A motor fold-back kit is
available for space-constrained appli-
cations to reduce the overall stage
length. ECO-SL stages are available in
27 different models with travels rang-
ing from 50 mm to 800 mm and speeds
up to 300 mm/s.

Miki Pulley

Aerotech, Inc.

For more information:

Phone: (412) 967-6854
www.aerotech.com

STEP-FLEX COUPLINGS ELIMINATE RESONANCE IN BALL SCREW ASSEMBLIES

Miki Pulley’s Step-Flex Couplings improve ball screw
performance while solving resonance and vibration
problems. The Step-Flex is an altogether new class of
shaft coupling. The Step-Flex coupling design has a two-
part elastomer element combination. This assembly
dampens vibration caused by the actuator carrier when
struggling to find its home position by making small ad-
justments in rapid sequence.

With this design, the hard (black) element is sepa-
rated from the aluminum alloy hubs by a softer (green)
elastomer disc. This combination maintains adequate
torsional stiffness for precise positional accuracy while
still allowing for minimal angular and parallel misalign-
ment, and absorbing vibration. The power-transmitting
element, consisting of different hardness layers, also
achieves a reduction in counter force generated by mis-

alignment. This can greatly reduce
the load on the bearing - resulting in

/

Hard rubber  Soft rubber

Soft rubber

R reduced heat load.

Another key feature is the electric
and temperature isolation provided
by the coupling’s elastomer element.
This mitigates conductive heat trans-
fer from motor to output shaft, impor-
tant in rotary motion applications.
Plus, it also halts stray voltage travel-
ing on the shaft. Applications include
automation of all types where ball
screws are used including packaging
systems, semi-conductor assembly
systems, laboratory automation and
medical equipment.

For more information:
Miki Pulley

Phone: (800) 533-1731
www.mikipulley-us.com

Laminated rubber element

N
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Hansford Sensors

LAUNCHES COMPACT AND LIGHTWEIGHT TRIAXIAL
VIBRATION SENSOR

Hansford Sensors, a developer and manufacturer
of high performance industrial accelerometers,
has launched a compact and lightweight 100m/
Vg triaxial vibration sensor. Called the HS-173, the
new accelerometer is a side entry device, can be
used in both on- and off-line applications and has
been introduced to enable OEMs, vibration ana-
lysts and end users to measure vibration in three
axes simultaneously. This makes it ideal for use
across a range of industries, including
process, mining and quarrying, auto-
motive, paper and metals manufacture.

With an operating sensitivity of
100mV/g and a transverse sensitivity of
less than 5 percent, the HS-173 is one
of the most compact triaxial acceler-
ometers on the market and ensures
measurement time can be reduced due
to the simultaneous reading of three
axes. This, combined with its excellent
frequency response of 6 Hz to 6 kHz,
makes it ideal for monitoring vibra-
tion in a variety of machines, from fans,
motors, pumps, compressors and gear-
boxes, to conveyors, process equip-
ment and spindles on machine tools.

The HS-173 is a robust and reliable
industrial accelerometer, weighing just
250g, protected by a stainless steel cas-
ing thatis sealed to IP67, and capable of
operating at temperatures ranging from
-55to +140 °C. Installation is quick and
simple, via a standard M12 connec-
tor, either temporarily for off-line data
monitoring with a handheld data col-
lector, or online as part of an integrated
condition monitoring system.

The HS-173 forms part of Hansford
Sensors’ extensive range of indus-
trial accelerometers, which includes
4-20mA, AC and AC/Velocity sensors,
vibration modules, enclosures, switch
boxes and cables and connectors.

For more information:
Hansford Sensors

Phone: (888) 450-8490
www.hansfordsensors.com/us

POWER TRANSMISSION
AND CONTROL 2018

International Trade Fair for Hydraulic, Pneumatics, Sealing,
Gear, Motor, Chain, Belt, Bearings and Springs.

6 - 9 November 2018 Shanghai New Int’| Expo Centre
ptc-asia.com

Driven to be

Ermail: meike sauer @messede

Shangha Lud
ce Tower 393 ¥inxiaa Rd. Pudong

Contact: Ms Ally Huang? Mrlimmy Yang/ Ms.vo Zhao/ Te 50 /215 3 Ermail: pte-asia@hml china.com
Ms. Sophia Bof Ms. Sunny Sun / Mr. Martin Xu - 50 5! Website: ptc-asia.com
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FEATURE
Pushing Forward

with Belts and Chains

The technology continues to evolve in

chain- and belt-driven systems

Alex Cannella, Associate Editor

Orbitless Drives Epicyclic
Chain/Belt Drive First Ever
Epicyclic Chain- or Belt-Driven
Solution
Orbitless Drives Inc. announced anoth- 0

er innovation in the area of high perfor-
mance gears with the introduction of the
Orbitless Chain/Belt Drive, the first ever epi-
cyclic chain or belt driven solution. Conventional plan-
etary drives cannot use chains or belts because a sprocket or
pulley cannot have internal teeth like a ring gear. The Orbitless
Drive dispenses with the ring gear to marry the unique ben-
efits of chains and belts with an epicyclic drive arrangement.
The Orbitless Chain/Belt Drive has co-axial drive shafts,
high torque capacity due to load sharing, and very high,
positive or negative speed ratios. The speed ratio can be as
high as the number of teeth in the sprocket/pulley and as low
as zero for an infinitely variable transmission if fitted with a
progressive, variable pulley system. This drive easily sup-
ports ratios up to 50:1 or more in a single stage.
Multiple planets mean higher accuracy and less flexibil-
ity than a conventional zero-backlash timing belt system,
with improved compactness due to co-axial drive shafts. It

promises great potential in the high-precision motion con-
trol industry where high ratios, zero backlash and low cost
are essential.

This inline single stage design can be configured for small-
scale precision gear trains with plastic pulleys and belts,
right up to large-scale industrial applications with high
torque loads.

Orbitless offers design support services and license pro-
grams to enable your application engineers to design
and build the ultimate Orbitless solution for your unique
applications.

For more information:
Orbitless Drives

(604) 724-3719
www.orbitless.com
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SKF Belts and Chains Portfolio Deliver Efficient
and Reliable Power Transmission Solutions
SKF offers a comprehensive range of standard, high-perfor-
mance belts ideally engineered to deliver efficient and reli-
able power transmission in drive-system applications across
industries. All SKF belts benefit from innovative materials,
designs and manufacturing to accommodate the most de-
manding working loads, provide extended service life and
transmit power effectively from one component to another.

The extensive line of SKF belts joins a growing portfolio of
power transmission products delivering optimized perfor-
mance for equipment in the mining, automation, material
handling, oil and gas processing, steel and food and bever-
age industries, among many others.

The standard SKF product line includes V-belts in a vari-
ety of constructions (wrapped classical, wrapped narrow
wedge, cogged raw edge classical, narrow wedge and Xtra
power wedge) and timing (or synchronous) belts with clas-
sical, HiTD or metric constructions. Timing belts uniquely
integrate durable teeth enabling full engagement with pul-
ley sprocket grooves to prevent potential slip and enhance
accuracy and speed. All belts can be specified in various
lengths and dimensions with speed ratios and power ratings
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consistent with application requirements.

SKF belts install easily and are equipped to sustain proper
tension, maximize rigidity and minimize potential stretch.
Versions can be specified to handle especially high dynamic
loads without compromising flexibility or generating exces-
sive heat.

Designs can be optimized with the SKF belt drive calcula-
tion program to develop the most efficient and economical
solution for a particular application.

SKF has also introduced an extensive range of roller
and engineered chain solutions ideally suited to meet the
demanding requirements of power transmission and con-
veyor applications in the food and beverage, mining and
cement, and steel industries, among many others. The chains
join a growing portfolio of SKF power transmission products
offering optimized performance and long service life.

Standard SKF transmission, or roller, chains (pitch sizes
.25in. to 3in.) feature through-hardened, shot-peened and
ball-burnished inner and outer link plates with wide waist;
case-hardened precision-ground pins; precision cold-rolled
bushings; and through-hardened, shot-peened solid rollers.
These features ultimately provide increased fatigue strength,
higher resistance to damage from shock loads, maximum
wear resistance and extended service life.

SKF chains can perform reliably in temperatures from -4°F
to 300°F (stainless steel versions in temperatures from -4°F
to 750°F) and can be supplied with rivet or cottered design.
All comply with the appropriate ANSI, ISO, or DIN standard
and are pre-stressed, run-in, and manufactured according to
strict quality control. Non-stainless types are pre-lubricated.

Among other options, stainless steel chains offer corro-
sion-resistant solutions for food-grade applications, nickel
or zinc coatings can add protection to carbon steel variants
and a wide variety of attachment chains are available.

Custom-designed solutions, supported by more than 100
years of SKF power transmission industry knowledge, can be
developed to satisfy particular demands.

For more information:
SKF USA Inc.

(267) 436-6000
www.skf.com

Dorris Gear Drives TR Product Line Tapered
Bushing Easy to Install and Remove

The TR Product Line offers eight standard ratios from 5:1 to
40:1. The quick release tapered bushing is easier to install
and remove than any comparable bushing system. Dorris
offers a total quality management system that assures excel-
lence from customer contact to delivery. They offer a two-
year warranty and everything is American made.

The Dorris TR Design has a narrow “thru-the-bore”
dimension, a bushing design that mounts from the open
(motor) side, and requires a drive shaft that only needs to
extend partially through the gear drive. With these features,
the TR Design only requires approximately half the driven
shaft length of its leading competitors.

The quick release tapered bushing is easier to install
and remove than any comparable bushing system. This is
because the flexible sleeve and threaded collar conforms to
the driven shaft with greater gripping power. It is designed to
avoid crevice or fretting corrosion, localized welding, bind-
ing and many of the problems that exist in other bushing
designs.

Dorris’s 30:1, 35:1 and 40:1 ratios allow for many new
options in selecting a drive system. Among these are lower
output speeds; higher speed, lower
cost motors; smaller, less
expensive sheaves and enough
ratios within the gear drive to
directly couple to a C-Face
Motor. The 415 and 507 offer
triple reduction ratios to 250:1
and 200:1 respectively, as well
as double reduction gearing.

Dorris also offers the TL
Product Line, which con-
form to the highest industry
standard for screw conveyor
drives and components. All
drives and components con-
form to CEMA standards.
The TL Series consists of
a component gear drive,
drive shaft kit and trough
end adaptor. The 107- 407 TL
series offers eight standard ratios
from 5:1-40:1. CEMA Standard
Drive Shafts have two and three bolt
configurations.

The TL Gear Drive is equal to the TR Gear
Drive, adding a gear drive adaptor and removing the torque
arm assembly.

The trough end adapter kit contains a removable shaft,
locknut, lock washer and key. TL drive shafts have a tapered
output end to avoid binding. The kit also contains the trough
end adapter and packing gland assembly. Dorris trough
ends are available. A TR/TL Conversion Kit, along with a
drive shaft kit and trough end adaptor kit is required to con-
verta TR to a TL.

The TL Drive Shaft kit contains a removable shaft, locknut,
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lock washer and key. TL drive shafts have a tapered output
end to avoid binding.

Both products include motor mount, high performance
packing gland, grease air purge packing gland, 303 stain-
less steel output shaft and
three-hole drilled output
shaft. All products are ver-
satile, efficient and cost-
effective American-made
products.

Dorris offers the same
gear drive and hydraulic
motor combinations as
Dodge. Hydraulic motor
mounting is available
through Dorris, please
consult factory for the adaptation.

Backstop extensions are standard on double reduction
drives and can be supplied on Single Reduction Drives if spec-
ified when order is placed. The gear drive can be ordered from
the factory to adapt a C-face motor. The required flexible cou-
pling is available from Dorris. The maximum motor frame size
is 256 TC up to size 315, and from 326 TC up to size 507.

Face mounting holes are not drilled on standard units.
Please contact factory if face mounting is desired. The
dimensions are typical for either face.

For more information:
Dorris Gear Drives
(586) 293-5260
www.dorrisco.com

Motion Industries: The Exclusive Distributor of

Timken Belts

Timken Belts offers a comprehensive line of belts that are
made in ISO registered manufacturing facilities in the USA
in sizes ranging from 3" to 900" for anything and every-
thing — fans, mixers, pumps, conveyors, machine tools, cen-
trifuges, robotics, and all types of industrial machines.

The depth and breadth of Motion Industries’ product
line allows us to handle virtually any application in the key
industrial markets of agriculture and mining, energy (oil

Shown are the Gold-Ribbon Cog Belt
and the Super Blue Ribbon V-Belt.
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and gas), forest products machinery, HVAC/R and industrial
equipment.

The Gold-Ribbon Cog Belt combines the superior flexing
of precision-molded cogs with the gripping power of raw
edge sidewalls to provide high energy efficiency, increased
power ratings and longer belt life. In addition, the Gold-
Ribbon Cog-Belt is now made of EPDM (Ethylene Propylene
Diene Monomer), a synthetic rubber with outstanding
properties. EPDM is durable, oil- and heat-resistant, static
conductive and resistant to hardening and glazing. Most
importantly, EPDM withstands a broader operating tem-
perature range of -50°F to +250°F — key to extended belt life.
The Gold-Ribbon Cog-Belt transmits up to 30 percent more
horsepower than conventional belts, utilizing the same drive
space. Even under adverse operating conditions such as
reverse bends, backside idlers and constant starts and stops,
the Gold-Ribbon Cog-Belt resists excessive heat build-up
and related wear problems. Lengths: 23-332in. and choice
of four cross-sections.

The Super Blue Ribbon v-belt is a superior wrapped belt
and workhorse of classical v-belts. It is the ideal choice for
dependable and economical performance. Super Blue
Ribbon v-belts assure dependable length stability and
require less re-tensioning and take-up. The cord is coated
with a special compound that produces a secure, long-last-
ing bond with the surrounding rubber. Impregnated with
oil- and heat- resistant rubber, the heavy-duty fabric cover
protects the core. Its extra flexibility permits the belt to bend
more easily around the smallest pulleys with less strain on
the fabric. Longer belt life results in less frequent replace-
ment, less downtime and lower maintenance costs. Lengths:
22-6641in. and choice of five cross-sections.

For more information:
Motion Industries
(800) 526-9328
www.motionindustries.com

InfiGear Power Transmission Chain Reduces

Peak Stress on Sprockets

InfiGear is developing a new type of power transmission
chain set to reduce peak stresses on the sprocket by up to 80
percent. In turn, this will increase both sprocket and chain
lifetimes by up to 10 times, compared with conventional roll-
er chain technology.

By using this new technology, manufacturers will bene-
fit from significantly reduced downtime, maintenance and
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workload —in turn, allowing them more time to focus on
growing their business.

Additionally, as mechanical wear will no longer be a pri-
mary consideration, different materials such as plastics and
carbon fiber (with the added benefits of improved hygiene,
cost and weight reduction) will now be viable options in
chains and transmissions.

This summer, InfiGear is launching a limited number of
pilots with selected partners. If you would like to learn more
about joining InfiGear’s pilot phase, please get in touch
before July 31.

For more information:
InfiGear

+44 78 1441 9510
www.infigear.com

Iwis Transfer Chains Designed for Gentle, Clean
Conveying

Transfer chains are used in many different industrial appli-

cations where goods need to be conveyed to the next stage

of the production process — including situations that require

particular cleanliness or especially gentle conveying of sen-

sitive or fragile goods.

Iwis has developed a comprehensive range of trans-
fer chains with durable plastic attachments to meet these
requirements. The functional sections of the chain are com-
pletely enclosed, which offers a number of advantages: the
product stays clean and undamaged, no dust or dirt can
build up on the chain, goods are conveyed on a flat surface
and there is no lifting of the load when the chain passes over
the sprockets.

Iwis transfer chains are also extremely durable, thanks to
the outstanding adhesive properties of the initial lubricant
applied to the base chain before it leaves the factory. The
three attachment versions — for standard, high-temperature
and antistatic applications —are all made from extremely
hard-wearing materials. Depending on the attachment and
lubricant selected, Iwis transfer chains can be used in tem-
peratures ranging from -50°C to 150°C. After prior consulta-
tion with Iwis, these chains can also fulfill food-grade (H1) or
silicone-free (PWIS) requirements.

Besides the standard base chain, special chain versions
such as nickel-plated or maintenance-free chains from the
Megalife brand range are also available.

With this ideal combination of positive features, Iwis trans-
fer chains are suitable for all conveying, transport and meter-
ing applications that require the gentle handling of sensitive
goods, containers or workpiece carriers. Typical examples
are foodstuff processing, the electronics and PCB manufac-
turing industries, medical technology and pharmaceutical
production and glass and ceramics processing.

In addition to transfer chains, Iwis provides a full prod-
uct range for all drive and conveying applications. This also
includes precision and high-performance roller chains,
conveyor chains, maintenance-free and corrosion-resistant
chains, power and free conveyor chains, special-purpose
conveyor chains, flyer chains, flat-top chains, modular belts,
chains and accessories for agricultural machinery and tim-
ing drives for the automotive industry.

For more information:
Iwis Drive Systems, LLC
Phong: (31 7) 821-3539
www.iwisusa.com
Tsubaki RS Roller Chain and Heavy Duty Drive
Chain Improve Service Life over Previous
Models
The RS Roller Chain is Tsubaki’s standard chain, designed to
meet the needs of most applications. The Heavy Duty Drive
Chain is an endurance chain with a high maximum allow-
able tension for particularly demanding situations.

The G8 RS Roller Chain offers a 20 percent improvement
in service life over previous designs. A special corrosion sup-
pressing oil is also applied to the chain in the final stage of
manufacture to inhibitrustand improve durability. Developed
in-house, this oil does not leave a sticky residue on the chain
surface, making handling cleaner and more pleasant. The new
G8 chain is available in 11 sizes from RS540 to RS240.

The new G8 Heavy Duty Drive Chain offers greatly
improved performance and is aimed at applications requir-
ing the movement of large loads at low speeds. This chain
provides increased strength as a result of a new heat-treat-
ment process, thicker material, and innovative geometry
while remaining the same size as the standard type of chain.

It is available in three variants. The RS-HT Roller Chain,
whose highly precise seamless bushes have doubled the ser-
vice life. This innovation greatly reduces maintenance needs.
The Super Roller Chain features a new link plate design
which increases the load capacity by 5-10 percent. Super-H
Roller Chain has a 20 percent increase in maximum load by
providing a ring coin on the inner plate. It offers users the
possibility of using smaller chains, which will reduce costs
and save space.

The generational improvements to Tsubaki chains form
part of the company’s constant pursuit of ever-increasing
quality. They have come at approximately 10 yearly intervals
since the products were originally launched in 1953. In fact,
the new G8 chains are being launched in Tsubaki’s cente-
nary year, the company being founded in Japan in 1917.

For more information:
Tsubakimoto Chain Co.

info@tsubakimoto.com
www.tsubakimoto.com
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A Mechanical Healthcare Plan

Motor Operation Gets Big Boost from Smart Technology

(Here’s How to Take Advantage)

Matthew Jaster, Senior Editor

Let’s say 100 motors are running in a mining,
oiland gas, or metal refinement operation. These
facilities are probably in the middle of nowhere; not exactly
ideal conditions to have a full-time engineer on-site to make
sure the mechanical assets are running properly 24/7. In the
past, manufacturers had little choice but to be reactive when
motor loss occurred or a mechanical system was in need of
some troubleshooting for an application like this. From a cost
and/or safety perspective, this was typically bad for business.
Often, these assets are spread out over the company’s
operating territory and managed by a smaller team that trav-
els. Not only can truck rolls be interstate, but upon arrival the
analyst may need to traverse catwalks or work in cramped,
uncomfortable spaces to collect the needed vibration wave-
forms needed. In the case of power generation, energy con-
tracts and possible regulations bring multiple sources of
financial pressures making downtime all the more urgent.
The paradigm for motor functionality and efficiency has
changed dramatically in recent years. Sensor data can report
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real-time motor functions, software can provide tempera-
ture profiles and machines can predict voltage changes at
the push of the button. Smart technology is here to stay. How
then, can manufacturers make the best use of the technology
to make a significant impact to their business?

“Quite honestly, for years and years motors were relatively
dumb,” said Sherman Joshua, connected services global
portfolio manager at Rockwell Automation. “What’s chang-
ing today is the instrumentation and data that is now being
built into these systems provides sensor, performance and
field data that lets engineers know how their applications
might be impacted both short and long term.”

So we return to the mining facility with 100 motors in
2018 and find a predictive maintenance solution in place
that gives engineers the flexibility to predict issues, pre-plan
resources and schedule appropriate measures to keep the
system running as efficiently as possible. It’s a healthcare
system for components.

/i

In the future, National Instruments believes
more motors will have automated, connected
maintenance data collection systems installed.
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Getting Better, Smarter and Easier to Operate
Brett Burger, principal solutions marketing manager at Na-
tional Instruments, says that condition monitoring and
preventive maintenance programs offer huge potential eco-
nomic impact to businesses as they look to not be on the
wrong side of disruptive technologies.

“McKinsey & Company sees predictive maintenance and
equipment maintenance as major IoT application areas for
factories and worksites by 2025. The prevalence of motors
makes them a critical component in the drive to reap these
economic gains and a wise asset on which to focus. Many
challenges today are creating an environment where the sta-
tus-quo will not be good enough and companies will look to
technology, such as those used in online predictive mainte-
nance solutions, to find a better way to operate,” Burger said.

To improve condition monitoring, Burger says that cus-
tomers need to be mindful of their workflow with regard to
when and how they use data. By focusing on their workflow,
they can better understand where the inefficiencies are such

as excessive time spent collecting data or existing data that
is currently unused. Workflows can also connect to other
groups, leading to more opportunities for inefficiency.

“From my perspective, field monitoring today is beginning
to focus less on the portable equipment carried by analysts,
and more on intelligent technology used to automatically
connect motor data to networks,” Burger added. “Vendors
traditionally known for handheld instrumentation are re-
evaluating their product catalog and the trend of automated
measurements is enabling new vendors to enter the indus-
try. This dynamic is creating a wider variety of offerings to
companies looking to monitor motors, but it is also creating
a greater need to research technology and equipment since
many of these solutions are enterprise-wide.”

helical speed reducers Q

Did you mean: DieQua Corporation?

The search is over!

DieQua’s Inline Helical Speed Reducers offer an
extremely compact design providing highly reliable
space-saving performance for the most demanding
applications. Look no further than DieQua.

® 14 sizes, 1-75 HP

¢ Multi-stage Ratios

e NEMA, IEC, or Servo
Motor Adapters

¢ High Efficiency & Low
Backlash

¢ Multiple Mounting
Configurations

To finally find what
you’re looking for,
check us out on the
web, or give us a call.
800-280-5402

RIIEWUIZ\

Corporation

diequa.com/pte

JUNE 2018 Power Transmission Engineering 27



FEATURE

The Challenges of Predictive Maintenance
Today
Being in the early stages of smart motor technology, custom-
ers looking for analytic and monitoring solutions typically
fall into two categories according to Joshua.

“You have the customer that knows what systems and ana-
lytics they need, but they're not sure if they can do it on their
own or if they need help from a vendor. Then you have the
customer that’s completely overwhelmed. They see so many
technologies and solutions available regarding condition
monitoring and predictive maintenance they simply don'’t
know where to start,” Joshua said.

Add to this the fact that motor technology feels like it’s
changing on a daily basis. Joshua explains how a customer
might purchase a predictive maintenance system only to
have better software or hardware available three months
down the road.

“Do you need this technology every time something new
hits the market? Is it necessary to changeover so quickly?
These are the questions Rockwell Automation customers
ask. We want our customers to focus on the ‘what’ and let us
focus on the ‘how.”

NI sees several challenges as they work with turbomachin-
ery maintenance professionals including time spent manu-
ally collecting data, data gaps (route adherence), dark data,
as well as a workforce that is at or near retirement age.

Burger said that manually collecting data does get the
expert into the plant to use the human sensors, but it comes
at a great efficiency cost.

As an example, a recent case study released by IHS Markit
examined how Duke Energy is using IIoT technology to
replace monthly, manual data collection. “With almost
60,000 collections a month, analysts at Duke Energy were
typically spending 80 percent of their time collecting the data
and only 20 percent of their time analyzingit...” (Duke Energy
Leverages IIoT for Predictive Maintenance Applications,
Alex West, IHS Markit Technology, January 2018).

Looking at other examples and challenges, Burger says
when routes are performed by on-site personnel it can be
difficult to prioritize the data collection over other pressing
plant issues. Lack of adherence to data collection leads to
data gaps that could otherwise contain useful information
that prevents the next outage.

Even when data is collected properly, Burger believes that
doesn’t always lead to an efficient use of a maintenance pro-
fessional’s time.

“Often, the team reacts to more urgent needs such as calls
from operators that have noticed abnormalities in control
dashboards or troubleshooting an important asset that is
out of service,” Burger said. “On top of all these challenges
is the trend that many professionals in this industry are at
or near retirement age and not being replaced at a sufficient
rate meaning more assets need to be covered by fewer expe-
rienced maintenance professionals.”
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How Condition Monitoring & Smart Technology
Can Help

So where do you start? How do you get the most from your

motor applications by utilizing smart technology today?

Companies like Rockwell Automation and National Instru-

ments offer products and services that take ownership of the

data and analytics so their customers don’t have to.

Joshua said many large manufacturing organizations can
handle the growing list of requirements needed when put-
ting together a maintenance and condition monitoring plan.
They have the skillsets and the sheer numbers to look at
everything from analytics and the Cloud to cybersecurity, I.
T. and software. Medium and small-sized companies don'’t
have the infrastructure in place to handle implementing this
technology in most cases.

“It’s the 90-percent of the iceberg that’s underwater that
they don’t see at the beginning,’ Joshua said. “If they're
going to buy all the equipment to monitor motors, for exam-
ple, they're going to need to connect all the pieces to make it
work effectively. This costs time, money and effort.”

Rockwell can do the grunt work for the customer. They
will collect the data locally, store it in the cloud, leverage the
software, develop predictive and remote engineering tools
and essentially build the analytics from the ground up. It’s a
hardware/software platform with engineering expertise on-
hand to solve a variety of challenges. The Dynamix 1444, for
example, integrates machine protection with a standard con-
trol system and Studio 5000 Designer software lets customers
configure the system within a single-design environment.

Burger said NI's core offering for condition monitoring
applications is also a single platform with hardware and soft-
ware. NI InsightCM can measure asset health data from any
type of sensor technology (wired vibration and temperature,
wireless vibration and temperature, motor-current/vibra-
tion, infrared, electromagnetic, and so on) and aggregate
that data, including the full waveform captures, onto the
InsightCM server.

SME:s can set intelligent triggers for data collection and per-
form analysis on the real-time or historical data. Aside from
SMEs, InsightCM can connect to 3" party software tools such
as OSIsoft’s PI System historian database or any software that
uses OPC UA, meaning maintenance teams have more free-
dom to operate using their existing tools. Finally, InsightCM
has a development kit available so in-house analysis, data
from 3" party hardware, and new communication protocols
can be added to fit custom requirements of the end user.

The Toolbox is Expanding

Burger says the Industrial IoT megatrend includes several
technologies that can help with field monitoring for motor
applications. Sensing and processing technology continue
to improve in performance and value helping to move much
of the analysis that would typically happen on a laptop or a
server to the field right next to the asset being monitored.

“Instead of walking routes to each motor to gather data, the
motors are connected to the plant’s network by intelligent
measurement devices and screen the data 24 x 7 sending
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only relevant, useful data to the plant server where SMEs
can log in for further analysis. Wireless sensors are improv-
ing in communication bandwidth, measurement capability,
and battery life, reducing the cost of connecting assets to a
network. Since much of the cost of a system is in the instal-
lation of conduit/cabling for power and wired network a
fully wireless solution can speed time to an ROI greater than
one. Finally, a possibly most important, software technology
to help manage and analyze automatically captured data is
improving and helping maintenance teams better plan asset
servicing during outages,” Burger added.

In the future, Burger believes more motors will have auto-
mated, connected maintenance data collection systems
installed (eventually they will be built-in to almost every
motor of modest criticality). Data from automated mea-
surement systems will be increasingly consumed by artifi-
cial intelligence using machine learning to detect pre-fail-
ure patterns in the data. Monitoring technology equipment
will move to the “set top box” model allowing companies to
reduce up-front cost and focus more on the data and less on
maintaining measurement equipment.

Joshua says that while motor monitoring and preventive
maintenance today is still being purpose-built on a case-by-
case basis, he sees an evolution of sorts coming to the indus-
try in the future.

“Let’s look at the facility again with 100 motors. They have
a 90 percent efficiency rate, but the customer wants it up to

98 percent. Down the road, we'll have libraries of analytics,
algorithms and off-the-shelf solutions to increase uptime.
And the monitoring will go to a performance-based model
instead of a one-time engineering cost on top of the fees to
maintain and support the system. I think these changes will
deliver high value to the customer and provide a more cost-
effective approach.”

The end game with all this technology is to create more
efficient, reliable mechanical systems. NI and Rockwell
Automation are just two of the companies that can provide
the resources necessary to fulfill these requirements.

“We're bringing industrial automation knowledge to the
customers,” Joshua said. “We have the engineering exper-
tise, the support system and the technology in place, so our
customers can focus on what they do best. This saves time,
money and resources and could ultimately change what
their staff looks like in the future” PTE

For more information:
National Instruments

Phone: (888) 280-7645
www.ni.com

Rockwell Automation
Phone: (888) 382-1583
www.rockwellautomation.com
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Simulation Software Provides a
Different Set of Tools for Motor
Efficiency

While some organizations focus on real-world analytics and
data collection for predictive maintenance, simulation tools and
virtual prototyping can be another solution for motor efficiency.

“The development of highly efficient, robust (fault toler-
ant) and cost effective electric motors for application in many
industries including, but not limited to the transportation,
aerospace, defense and consumer products industries have
gathered urgency due to current and future regulations. These
regulations govern their efficiency levels and other design
criterion such as the speed range and noise pollution level,’
said Tanvir Rahman, Ph. D. R&D consultant, (engineering) at
Infolytica Products Line Mentor Infolytica, a Siemens Business.

As most commercial electric machines are already highly
efficient (~90%), designing for even higher efficiencies poses a
challenge and requires a systems level approach that include
the simultaneous consideration of different machine topolo-
gies, materials engineering, thermal system design, acoustic
analysis and machine drive component design.

“A prototype-based design approach is impractical because
making design changes and re-prototyping is time consum-
ing and costly. Only through simulation and virtual prototyp-
ing can the impact of changing multiple design parameters

A MECHANICAL HEALTHCARE PLAN}

Infolytica's software suite has been utilized on the Toyota Prius.

be studied effectively. This enables the non-linear behavior
of a model to be understood, the optimal design for multiple
objectives and large parameter spaces to be discovered, and
the impact of faults arising from electrical sources and manu-
facturing tolerances be taken into account,” Rahman said.
Simcenter from Siemens PLM Software has various appli-
cations for system simulation of electrical powertrains, as
well as detailed simulation of electric motors from a multi-
physics perspective. For example, Mentor Infolytica’s suite of
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electromagnetic, multi-physics and optimization software in
2D and 3D, allows the implementation of virtual prototyping
of modern electric motors covering each of the aspects men-
tioned. Infolytica’s design suites include a template-based
design software (MotorSolve), multi-objective optimization
tool (OptiNet), coupled electromagnetic-thermal simulation
software (ThermNet) and a general purpose modeling and
analysis software (MagNet).

“This software has been used to simulate the BMW i3 motor,
the Toyota Prius and many others. The accuracy of the virtual
models have been correlated with dynamometer test results

S — e

WORLD LEADER IN BEARING INSPECTION & TESTING

Napoleon Engineering Services is the creator of Inspection & Testing programs supporting global bearing sourcing & bearing
qualification. NES has been leading OEMs through the global bearing qualification process for 20 years providing 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 service your bearing qualification and testing needs like NES — the World Leader.

and other industrial standards,” Rahman said.

Siemens entered into an agreement to acquire Montreal,
Canada-based Infolytica Corporation, expanding the com-
pany’s simulation suite into electromagnetics (EM) in 2017.
Infolytica was one of the original pioneers in the field of sim-
ulating low-frequency EM and its market-leading simulation
software is used by manufacturers worldwide to predict EM
and thermal performance.

This accelerates the development of reliable and optimized
solutions for electric and electromagnetic devices such as elec-
tric machines - including motors, generators and transformers
- as well as sensors, induction heating, MRI, and shielding. The
Infolytica business was then incorporated into the Mechanical
Analysis Division of Mentor, a Siemens business.

The addition of Infolytica enhances Siemens’ Simcenter
portfolio for simulation and test, which covers mechanical,
thermal, fluid dynamics and electromagnetic simulations.
Infolytica’s products are widely used in the design of high-
performance electromechanical products across industries
such as aerospace, automotive, consumer electronics, elec-
trical appliances, medical equipment, heavy industry and
power generation. PTE

For more information:
Mentor (A Siemens Business)
Phone: (800) 547-3000
www.mentor.com
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Custom Machine and Tool Co,, Inc.
Bolsters Accuracy and Efficiency for Vande Berg Scales

Charlotte Stevens, Marketing Manager, Custom Machine and Tool Co,, Inc.

If you can find that magic bullet that will re-
duce the machining process, you can achieve
meaningful efficiency gains. It is imperative
that checkweighers or in-motion weighing
systems remain both accurate and efficient
while attaining a consistently smooth opera-
tion because they dynamically weigh products
as they move across the belt. One such challenge
David Vande Berg, president of Vande Berg Scales (VBS),
encountered was to make sure the company’s in-motion
weighing systems were equipped to move with less vibration
and smoother transitions.

Based in Iowa in a 15,000 square foot facility, Vande Berg
Scales manufactures a number of systems that employ motor
driven belts and chains. The company designs and fabri-
cates weighing and automation equipment
including in-motion checkweighers, weight
price labelers, box/tote weight labelers, and
monorails. Accuracy through automation
enables Vande Berg Scales to achieve the
highest of quality standards. Add to this,
their measurement and advanced design
capabilities, VBS is able to facilitate custom
projects and challenges with the same ease
as standard products. For more than 30 of
it 54 years, Vande Berg Scales has built a
solid presence in the meat, dairy, food, and
manufacturing industry as a driving force in
dynamic weighing and automation.

Igniting the Passion for the Next
Generation

In 1964, Don and Wilma Vande Berg tapped
into their entrepreneurial spirit by con-
verting their home and garage into small
workshops to launch the Vande Berg Scales
brand. VBS began to produce weighing, measuring and au-
tomation systems. The payoff came as the company quickly
grew, thanks to their relentless ingenuity and dedication to
their clients’ needs. This leap of faith laid the groundwork
for the second generation. In 2001, David Vande Berg, son of
Don and Wilma Vande Berg, purchased the company.

With an upbringing in the scale industry and a degree in
mechanical design, David Vande Berg, president of Vande
Berg Scales, was inspired to design intricate custom systems.
His knowledge of programming and electronics coupled
with decades of weighing system and weights and measures
experience served him well in every aspect of the growing
business. And so he began a new era by spearheading the
drive into automation.
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Company Alignment

After discovering Custom Machine and Tool Co., Inc. (CMT)
on the Internet, Vande Berg Scales recognized the advantag-
es of CMT’s Concentric Maxi Torque line of products. Cus-
tom Machine and Tool Co., Inc. had designed and patented
a more reliable connection format, the Concentric Maxi
Torque bushing system, which offers zero backlash and high
clamping torques. These features, unique to the industry,
would prove to enhance and strengthen VBS’ product line.
Along with its low profile design, the benefits allowed for di-
rect coupling to the motor shaft, reduced costs by dismissing
the need for a custom length shaft and eliminating a bellows
coupler on the motor.

With its ease of positioning and the fact that it virtually
defeats shaft damage due to its mechanical shrink fit, this

After discovering Custom Machine and Tool Co., Inc. (CMT)
on the Internet, Vande Berg Scales recognized the advantages
of CMT’s Concentric Maxi Torque line of products.

connection system is the perfect fit for in-motion weighing
systems. The Concentric Maxi Torque System was integrated
so as to satisfy these precise pulley requirements.

How the Concentric Maxi Torque System works
Pulley and bushing are sold together as an assembly. There
is a mechanical shrink fit affected by using a setscrew, axial
to the shaft, as a lever to force the tapered bushing into the
matching taper in the hub. As the lever forces the two tapers
together, the slot in the bushing is compressed, thus clamp-
ing the pulley to the shaft with a mechanical shrink fit. That
same set screw is removed and used on the opposite hole,
which acts as a jack, releasing the shrink fit and allowing for
removal or re-positioning.
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“It is a fantastic and very innovative product that makes
complete sense for our needs,” said David Vande Berg of VBS.
“The Concentric Maxi Torque’s smooth running power is key
to the in-motion weighing system’s performance. Finding
or building these attributes into components can be time-
consuming, expensive, and difficult to repeatedly achieve.
By implementing the Concentric Maxi Torque, it allows us to
focus our resources on other areas to gain further improve-
ments in our product offerings.”

Vande Berg added, “The increased benefit in performance
with the Concentric Maxi Torque design enables us to fab-
ricate the components we need without long searches and
outsourcing. With CMT’s product, resources can be diverted
to improve other areas of our designs while achieving a
reduction in needed machining time. The keyless hub-to-
shaft connection device has superior features and benefits
compared to other connection systems such as keyways,
pins, set screws, clamp collars, and other tapered shaft lock-
ing devices.”

A similar recipe for success
In 1964, Edward Bennett, founder of Custom Machine and
Tool Co., Inc. took the skills and creative savvy he acquired at
an early age to begin manufacturing his unique line of screw
machine products in the basement of his Scituate, Massa-
chusetts home. Bennett quickly gained a reputation for his
dedication to precision and quality which, in turn, spawned

CB-14 Sevries

Conveyor Bearings
Cost-effective design that can
significantly reduce noise in
conveyor operations

Kilian CB-14 series conveyor bearings are specifically
designed to operate quietly and dependably in the most
demanding material handling applications.

Noise Reduction - combination of nylon ball retainer
and shaft adapter eliminates metal-to-metal contact,
significantly reducing operating noise.

Easy Replacement- standard 7/16-inch hex-shaped bore
interchanges with most conveyor roller bearing sizes
currently in use.

Available from Stock- inventories of all sizes in stock for
fast shipment from either factory or any Altra Industrial
Motion Authorized Distributors.

High-Speed Operation - ball retainer permits a higher
speed of 2,000 rpm that matches maximum conveyor
requirements.

Total Value Package - a dependable, low-cost choice
with the best combination of features for retrofit
applications or new designs.

Kilian-
Altra Industrial Motion

Contact Us:

Kilian

Syracuse, NY - USA

315-432-0700

www.CB14series.com
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customer confidence and loyalty, en-
dowments that would serve as a tem-
plate for son, Robert, and his future-
forward thinking inventions, patents,
and endeavors.

“Precision isn’'t just a watch
word... it is your core value’”
That’s what Robert Bennett envi-
sioned when he took over the reins
of Custom Machine and Tool Co., Inc. As
Robert apprenticed alongside his father man-
ufacturing sprockets, he gained valuable insights
and began to develop ideas of his own on how he could
grow the business through innovation. Remaining true to
the values taught to him, Robert expanded the product lines
to include timing pulleys, drive systems and components
for the motion control and power transmission industries.
Robert went on to invent and patent a revolutionary hub-to-
shaft connection device, the Concentric Maxi Torque, which
allows for precise component positioning and
tight runout control on demanding
applications, while at the same time
retaining installation simplicity and
without risk of shaft damage.

| ‘
Vande Berg Scales’ In-Motion Checkweigher.

& '-l“

= .
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CUSTOM MACHINE AND TOOL CO., INC.}

industry.

facturing production system.” PTE

For more information:
Custom Machine and Tool Co., Inc.
Phone: (800) 355-5949
www.cmtco.com

Vande Berg Scales
Phone: (712) 722-1181
www.vbssys.com

For Related Articles Search

belt drives

at www.powertransmission.com
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Weighing in together, Vande
Berg Scales and Custom Machine

and Tool Co., Inc. are producing more reli-
able, precise and cost effective equipment to
better serve the needs of the motion control

“We continue to achieve our mission
through extensive manufacturing experience
and expertise, strong administrative proce-
dures, and a highly skilled, quality-oriented
workforce,” said Bennett. “Our management team
coordinates these elements into an efficient manu-
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Machine Parts No Longer in Production?

Solutions for Hard-to-find Bearings and Parts

Steven Katz, president, Emerson Bearing Boston

Good machinery can last a lifetime. But, re-
placement parts for older equipment may be near im-
possible to find. So, what do you do when you're look-
ing to replace hard-to-find bearings and related parts for
older machines?

Finding obsolete or hard-to-find-bearings and related
parts is more advanced than ever before with today’s
search algorithms. But finding certain bearings, for
instance very large bearings such as tunnel-boring
15-foot-diameter giants, is still a challenge. Custom work
is often the only option.

To give you an example, a local elevator repair com-
pany working on a 100-year-old elevator contacted us
for replacement parts. The roller chain and sprocket that
were needed were just as old as the elevator, raising con-
cerns that the parts wouldn’t be available anymore. The
customer brought the parts in and, through our exten-
sive line of partners, we were able to identify someone who
still made the chain and had it in stock. No one mass-pro-
duced the sprocket anymore, but custom work was still an
option. Our team was able to reverse-engineer specifications
from the old sprocket itself. Those plans turned into a new
sprocket that would fit the lift perfectly.

When bearings and their related parts fail to work prop-
erly, all related processes have to shut down. Our goal is to
improve machinery life, and when certain bearings or parts
are no longer being mass produced, we're able to provide
engineering assistance and custom parts development to
ensure our customer has the right part to keep their equip-
ment rolling for years to come. Of course, there are other fac-
tors that contribute to bearing longevity, including proper
design, internal clearance and more as we've outlined below.

il Factors that contribute to bearing longevity
i include proper design and internal clearance.

3 6 Power Transmission Engineering JUNE 2018

It's important not to overlook the early )
signs of bearing failure including unusual
noises or increased temperature.

Application Changes Affect Bearing Design
Rarely do we come across a bearing that has been improp-
erly designed into an application, but it is possible if factors
within the larger application change.

How long a bearing lasts before it fails is known as bearing
“service life”. It is generally considered in terms of hours and
is based on load and speed conditions.

Overloading and early bearing fatigue are often the result
when loads become too high. Skidding and improper load-
ing of the rolling elements will occur if they are too low. These
issues will also occur with improper internal clearance. In all
of these instances, early failure will be the result.

Early Signs of Failure
Don'’t ignore the early signs of bearing failure, specifically
unusual noises or increased temperature.

Abnormal bearing sounds are indicative of specific
issues in the bearing application. For example, hearing a
buzz to roar noise, where the loudness and pitch changes
with speed indicates issues such as poor fit, deformed
bearing rings, vibration of raceways, balls or rollers and
brinelling. Screeching or howling sounds generally indi-
cate too large an internal clearance or poor lubrication on
a cylindrical roller bearing. Crunching that is felt when
the shaft is rotated by hand often indicates contamina-
tion of the raceways.

A desirable bearing temperature is below 100 C. At start-
up, the temperature will rise, but then stabilize at a tempera-
ture slightly lower than at start-up, but somewhere between
10 to 40 C higher than room temperature. Increased tem-
perature is another early sign of bearing failure.

Operational stresses in the applications can impact
bearing life as well. It is critical to isolate vibrations in
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bearing maintenancep

at www.powertransmission.com

associated equipment as they can cause uneven running
and unusual noises.

Improving Bearing Performance
What do you do if performance is less than optimal? Lubri-
cation plays a critical role in bearing performance. Grease
is the lubricant most often used because it is easy to handle
and simplifies the sealing system. Oil is more appropriate for
high speed or high temperature operations.

There are a couple of ways to upgrade bearing perfor-
mance for a particular application. One efficient way is
through lubrication, specifically, the use of high-end syn-
thetic greases and solid lubricants that sit within the bear-
ing cavity. What many don't realize is that it is important to
use grease/lubrication that has an equal or better service life
than the bearing. If the grease or lubrication used does not
have the same life potential as the bearing, then the bearing
will fail sooner than its service life expectancy. Replacing the
grease with a high-end lubricant will vastly improve bearing
performance and extend its service life.

Another way to improve bearing performance is by
upgrading to a bearing made of higher quality material.

Machinery manufacturing and automotive industries still
use bearings of a standard style in terms of envelope dimen-
sions. But, what has changed is the range of choices in mate-
rial. A number of industries have upgraded from traditional
52100 chrome steel to various styles of stainless steel, ceram-
ics and even titanium races in severe applications with opti-
mum results.

Asking the right questions is key when addressing the issue
of bearings not meeting expectations. Is there too much
stress on the bearing? Is the operating temperature too high?
Is rotation lagging? Oftentimes, we find that by upgrading
the bearing itself to one of higher quality or by upgrading the
lubrication, we can better the running accuracy, lower oper-
ating temperatures, and improve overall performance while
extending the service life of the bearing. PTE

Sources
Barden Corporation. Machine Tool technical bulletin for Engineering and
Lubrication. 2010.
FAG Bearings Corp. Rolling Bearing Damage. Publ. No. WL 82 102/2
December 1997.
Fersa Bearings. Roller Bearings: Failure Diagnosis. 2009.
Koyo Bearing Corp. Rolling Bearings: Failures, Causes and
Countermeasures. Catalog No. 322E. December 1995.

NTN Bearing Corp. Products and Technology. Care and Maintenance of
Bearings. 2009.

For more information:
Emerson Bearing

Phone: (800) 225-4587
www.emersonbearing.com
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Keeping the Lights on — Machine

Monitoring Basics

Predictive Maintenance Helps Reduce Process Downtime

Stewart Thompson

Introduction
As manufacturers continually search for ways to cut costs and
increase ROI, machine monitoring and predictive mainte-
nance (PdM) solutions are an increasingly cost-effective way
for plants and factories to help reduce process downtime.

One of the most common data logger applications is
machine monitoring for all types of commercial, industrial,
utility and construction equipment. In the processing indus-
try, condition monitoring of business-critical machines and
electrical equipment is critical to help avoid process down-
time and to maximize ROI.

If you're a factory manager or plant supervisor, you can
use sensor-based data acquisition to stay on top of develop-
ing problems with your electrical equipment. Both manage-
ment and technicians can benefit from these cost-effective
solutions.

In this white paper, CAS Dataloggers discusses the basics
of condition monitoring and predictive maintenance for your
invaluable process machinery.

With the advent of the Internet of Things (IoT), heavy
industry is turning to sensor-based data collection to solve
its greatest problems, chief among them being process down-
time in the form of process delays and shutdowns.

Machine monitoring, aka condition monitoring or predic-
tive maintenance, refers to the practice of monitoring electri-
cal equipment via sensors to collect diagnostic data. To this
end, data loggers and data acquisition systems are used to
monitor all types of equipment including engines, motors,
boilers, and more — all with an eye toward ROI.

Condition monitoring is a steadily growing business prac-
tice, with the market totaling nearly $11 billion, according to
a 2017 report from Research & Markets magazine forecasting
opportunities for OEMs, plants, and factories. Industry lead-
ers mentioned in the report include Caterpillar, Dell, General
Electric, IBM, Microsoft and Siemens.

These applications also encompass many different types of
needs aside from condition monitoring:
¢ Runtime/uptime measurement
o Preventative maintenance
o Performance tracking
o Energy monitoring/conservation
Fault isolation
e Quality control

How Does Condition Monitoring Help Prevent
Downtime?
As a plant manager or technician, you always need a heads-up
regarding developing conditions in your facility’s equipment.
Likewise, if you're a purchasing agent, you'll want to select the
most appropriate monitoring device for your customer.

Machine monitoring can be either periodic or continual:

Periodic. Periodic measurements are performed accord-
ing to either a regular schedule or are taken erratically.
Periodic monitoring is reliable only if it is done according to
a set schedule, for example by a supervisor at a set time every
day, or automated by a data acquisition system.

Continual. Continual measurements are performed con-
stantly by data acquisition systems via automated, sensor-
based data collection. Continual monitoring has the consid-
erable advantage of being more dependable and a clearer
indicator of developing machine damage or impending pro-
cess downtime.

Condition monitoring applications:

o Heavy Machinery

e Oil & Gas

« Energy

e Automotive & Transportation
o And many other industries

Ifyou're the person using the data acquisition system, you'll
want to be sure that any prospective device not only suits your
needs, but is also easy to learn and operate. Meanwhile, if
you're a purchasing agent sourcing a control system, you can
help to decrease your client’s downtime hours (in the form of
process delays and shutdowns) by sourcing a machine moni-
toring solution.

Machine Monitoring Basics
Condition monitoring solutions include:
o Data acquisition systems
o Data loggers

¢ Portable measurement
systems

 Current/voltage loggers
 Vibration monitoring systems
Data acquisition/machine
monitoring systems:
Two major categories of prod-
ucts are used for condition monitoring:

Article reprinted with permission of CAS DatalLoggers Inc.; www.dataloggerinc.com
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1. Dedicated data loggers designed for a specific
function such as temperature recording or AC voltage
measurement. These solutions are ideal when you know
beforehand that you only need to measure one or two
values, or if you need to save on cost.

For example, we provide dedicated event loggers to track
machine run-time or parts count, AC power loggers to
record incoming voltage and/or current, and vibration
analyzers to look at the dynamic behavior of rotating or
moving equipment.

2. Universal input data loggers — which can be outfitted with
a variety of sensors to record many different parameters
simultaneously, such as temperature, current, voltage,
pressure, flow — or nearly any other value to track
machine conditions in real time. While universal solutions
are more flexible, they are also more expensive than
single-purpose devices.

As an example of general-purpose, universal input data
loggers, Series 4 dataTaker systems include models with 2
to 16 input channels, local alarm notification, and Modbus
capability to interface with other equipment.

Sensor arrays:

Data acquisition systems incorporate various internal or
external sensor types (temperature, current, voltage, etc.) to
continually acquire machine data and compare it to user-set
parameters such as normal operating temperatures, energy,
power factor, etc.

For example, to monitor a boiler, the user might first attach
a type-K thermocouple to its metal side, with leads trailing
back to the data logger or data acquisition system. Then the
operator configures the system to sample a reading from the
thermocouple sensor, say once every 15 minutes. This step,
often called data acquisition or data sampling, must be per-
formed using accurate sensors and an accurate monitoring
system to ensure reliable condition monitoring.

The monitoring device then stores this temperature data
in its internal memory or, in the case of a wireless remote
monitoring system, automatically transmits it to a remote PC
or cloud storage server. Whether you're performing periodic
or continual monitoring, once you've collected enough data
this way, it’s time to look at the condition of your machinery
using specialized software.

Visualization and Analysis Software
Condition monitoring software allows users to visualize data
from many distributed machines at once, and to analyze this
data to identify faults before they can further develop and
cause downtime.

For example, in the middle of a production run any sudden
changes of any machine’s operating values can be instantly
detected and responded to. Most importantly, maintenance
work and process downtime can be scheduled and car-
ried out in time to help avoid process delays and shutdowns
resulting in long-term ROL

Data analysis is performed via specialized data acquisition
software. Using a custom software application, data is ana-
lyzed according to user-set filters and portrayed in trend form
via charts and tables showing what maintenance or repair
actions are needed, if any.

A complete software system will offer you data acquisition,
analysis, visualization and automation. The end-user should
be able to get a clear and logical overview of all measurement
systems, no matter how many machines are being monitored.
Armed with this data, plant supervisors and technicians can
then make presentations to management.

Which Measurement Value Should You Monitor?
Temperature: temperature is the most commonly measured
value, and many machine monitoring applications require
you to log temperature in tandem with an-
other value.

Temperature recorders satisfy the needs of
many different applications, including:

« Electrical equipment monitoring (motors,
turbines, etc.) B

« Oven temperature profiling (part
finishing, batch ovens, etc.)

o R&D (climate chambers, test stands, etc.)

BRERNEREN

Temperature data loggers are suitable for ¢
use with all common types of temperature
sensors, including thermocouples, RTDs and thermistors.
The market offers a broad selection of temperature data log-
gers with a wide variety of features, communication options,
storage and notification capabilities to meet your project
needs. Temperature recorders are available with or without
displays, with wireless and LAN communication, and multi-
channel systems with hundreds of inputs.

AC/DC. A common data logging application is measuring
voltage and current flowing into or out of a piece of equip-
ment, such as a user monitoring current in wind turbines.
These measurements can be broadly classified into two
groups: AC and DC.

ACvoltage and current: A common voltage measurement
application involves taking readings to ensure that a given
piece of equipment is operating within its manufacturer’s
recommended voltage range.

A variety of AC voltage
and current data loggers
are available with built-in
transducers to support a
specific voltage and/or cur-
rent range. However, with a
few exceptions, most data
loggers cannot measure AC voltage or current directly and
so require external transducers to convert the parameter of
interest into a signal that the data logger can measure.

AC current data loggers include models for 10 to 5,000
amps for equipment monitoring and metering.

AC current measurements:

e AC current transducers - A standard method
of measuring AC current for a power line-
connected device is to use an AC current transducer
(single- or multi- phase) which converts an AC current
to a DC voltage or a 4-20 mA signal that can be measured
with the data logger.

o Clamp-on current sensors. Clamp-on current sensors
are easy to use and available in a variety of models and
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current ranges, with either DC or AC voltage outputs.

e Split core transformers. Split core transformers are very
similar to clamp-on current sensors but are intended for
semi-permanent installations.

e Rogowski coils. Rogowski coils are suitable for
measurement of currents up to thousands of amps.
They’re easy to place around the conductor, and can
provide accurate phase response.

ACvoltage measurements

e ACvoltage transducers. If your application involves
tracking incoming line voltage, standard AC voltage
transducers are available in both single- and multi- phase
versions and with standard or True RMS calibrations.

e ACvoltage signal conditioner modules. If you need to
measure small AC voltages or a large number of channels,
5B series signal conditioner modules are available with
100 mV to 300V inputs.

DC current/voltage. Many data loggers are specifically
designed for measurement of DC voltage and DC current.
Some are designed for specific measurements that are easier
to set-up but offer less flexibility. There are also general-pur-
pose data loggers that can measure DC voltage, current and
other input signal types.

Depending on the levels involved, some data logger mod-
els can directly measure DC voltage and current. For exam-
ple, the dataTaker DT80 family of data loggers can accept DC
voltages up to +30 volts and DC currents up to 30 mA directly.

DC voltage and current data loggers. For DC applica-
tions, there are data loggers specifically designed for taking
voltage and current measurements using probes that can be
directly connected to the signal source. These models typi-
cally cost less and are easier to set up, but in turn they offer
less flexibility.

If you think that your range of measurements may change
in the future, use a data logger with an external transducer
that will allow you to change the input range by connecting a
different transducer.

DC current measurements:

o Current shunts. These conductors are available in ranges
to handle 5 to 1,000 amps, and to provide an output from
0-1 volts.

¢ DC current transducers. DC current transducers often
utilize a Hall Effect sensor to allow current measurement
without direct contact with the conductor. They work very
well for higher currents.

DC voltage measurements:

o Attenuators. The simplest method of measuring a DC
voltage that is outside the measurement range of the data
logger is to use an attenuator, which is a few resistors
wired together to divide the incoming voltage to a range
compatible with the data logger.

¢ DC Voltage Transducers. Many companies offer packaged
DC voltage transducers that convert the incoming
voltage to a range that is compatible with the data logger.
These units can measure very small (<0.1) and very high
(>1,000) volt inputs, and can also provide an output either
as a voltage or as a 4-20 mA signal.

« Signal conditioner modules. Standard signal conditioner
modules such as the ubiquitous 5B series provide up to
1,500 volts of isolation and amplification or attenuation
in compact packages that are suitable for multi-channel
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systems. They are available in a wide range of input
voltages and provide a DC voltage output.

Universal input. If you must monitor a mix of AC and
DC voltage and/or current inputs, or if your voltage/current
ranges are beyond standard input ranges, you can use a uni-
versal input logger. These log-
gers allow measurement of most
voltages and currents found in
industrial applications.

These loggers also allow the
measurement of other input sig-
nal types besides voltage and
current, and can be outfitted
with transducers suitable for up to hundreds or thousands of
amps that work with general-purpose data loggers. This also
enables the simultaneous measurement of multiple input sig-
nal types. Users can measure almost any type of input — from
mV and uAmps, to thousands of volts or amps.

These versatile solutions can measure voltage, current,
thermocouples, strain gauges, and many other sensor types.
While universal dataloggers are more expensive than single-
purpose loggers, they can greatly simplify more complex data
logging projects, saving both time and money. This flexibility
provides you with several convenient advantages:
¢ You can move the logger from project to project without

having to reconfigure the hardware

¢ Simultaneous monitoring of multiple variables with one
data logger — for example, recording temperature using
a thermocouple, logging voltage using a pressure sensor,
and monitoring the pulse output using a flow meter

« No matter what signal you're logging, you use the same

software without needing to purchase additional packages
or modules.

Remote Monitoring and Data Transmission in
Plants

To transmit and store all this data, many factories and plants
opt for a remote data acquisition system capable of continu-
ous data acquisition and evaluation. If you plan on replacing
your facility’s legacy systems or redundant equipment, you'll
find that modern, PC-based data acquisition technology is a
convenient solution for predictive maintenance.

To get a heads-up on developing issues before they result
in downtime, users rely on a variety of communications fea-
tures to transfer data and alarm notifications to PCs or net-
works. This can be done via WiFi, Ethernet, Serial, FTP, cellu-
lar modem, and others; cloud-based storage is another viable
option.

Remote monitoring systems can perform:
 Independent data acquisition
« Datarecording of analog and digital signals
« Remote monitoring of data
o Data processing

Remote systems are also useful for immediate alarm noti-
fication via SMS text message in the event of limit violations,
such as an overheated motor or a high tank temperature. For
this crucial failsafe, first ensure that your prospective solution
supports connection to your production and office networks,
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and to the process control system (PLCs, etc.).
Plant application features:
o Independent data acquisition

¢ Online (remote) access to all measurement data and
status information

o Instant alarm and fault notification via email and text
messaging

o Automated offline data transmission at preset intervals via
a scheduler

For example, in fault diagnostics in machinery and plants,
typical remote applications include the evaluation of pres-
sure pulses and surges, fast process monitoring and con-
troller optimization, shock and vibration measurement, and
materials research and environmental simulation. When
every minute counts, make sure you're immediately made
aware the moment your process is threatened.

Do You Need Control Capability?
If you need control capability for your machine monitoring
application, many intelligent monitoring systems integrate
this functionality. Recording in standalone mode, fully inde-
pendently from the PC, a control system performs:
¢ Pre- and post-trigger functions

« Synchronized data acquisition (angular and
chronological)

o Evaluation of limit values and alarm capability
¢ Data reduction by online calculation of condensed
parameters

Machine and plant limit values can all be adjusted in the
GUI (graphical user interface) on the PC. Likewise, multiple
machine states can be controlled and visualized using the
same user interface.

ADwin data acquisition systems are flexible, expandable
and easy to program using a real-time development tool.
Users connect the ADwin system to the process control sys-
tem via its analog and digital inputs or via serial interface
and bus systems. It’s equally simple to transfer machine and
process characteristics over to the device. Via Ethernet and
a graphical user interface, the current machine state can be
visualized on various PCs on the company network.

By integrating real-time data visualization into your pro-
duction process, you'll have the data to see how any given
operation conditions are impacting your equipment’s char-
acteristics. This setup also gives you a convenient way to
instantly judge your compliance with specific process values
(temperature, current/voltage, etc.).

Conclusion
Condition monitoring, i.e.— predictive maintenance —is
a detailed but rewarding method to help prevent process
downtime in your factory or plant. By closely monitoring
your operation-critical machinery and providing process
oversight, data acquisition systems can aid your company’s
long-term stability and ROIL. PTE

For more information
CAS DataLoggers Inc.
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Chesterland, OH 44026

Phone: (440) 729-2570
Toll-Free: (800) 956-4437
www.dataloggerinc.com
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Stewart Thompson is a content
marketing specialist with CAS
Dataloggers.
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Finite Element Method Based Analysis
of Planetary Gear Systems Considering
Backlash and Manufacturing Deviations

A. Mihailidis, G. Korbetis, N. Drivakos and I. Nerantzis

The load carrying capacity of gear trans-
missions depends strongly on design,
material and operation conditions.
Modern analysis methods, e.g. —finite
element analysis (FEA) — consider the
above parameters with more or less
sufficient accuracy. Yet it remains an
ongoing challenge to account for back-
lash and manufacturing errors, despite
a definite need to do so. There are in
fact several difficulties to overcome;
first, the contact footprints as well as
backlash and errors are some orders
of magnitude smaller than the dimen-
sions of the gears. Therefore an ex-
tremely fine mesh is required. On the
other hand, the total number of de-
grees of freedom (DOFs)should
be kept as small as possible to keep
the computational effort manageable.
Less stressed areas should be coarsely
meshed, while the transition must be as
smooth as possible. Moreover, in order
to generate and mesh three-dimen-
sional tooth flanks taking into consider-
ation the abovementioned geometrical
deviations is extremely time consum-
ing.

In this paper new techniques and
tools are introduced, aim-
ing to facilitate the mod-

stress distribution and deformation, as
well as load sharing under quasi-static
conditions.

Planetary gear trains offer very high
power density because of their inter-
nal power splitting. It is evident that
manufacturing deviations have a
strong impact on power distribution.
Therefore simulations aiming at the
prediction of the actual loading of real,
non-ideal, planetary systems are very
useful. A lot of research has been con-
ducted in this field. Reference 1 con-
tains an extensive literature review.
Finite element analysis is, of course,
one of the first available methods to be
used. It should be considered that an
adequate mesh must be generated to
capture the influence of inaccuracies.
This is quite challenging because of
several reasons. For example, the gears
themselves are quite complex and the
deviations are some orders of magni-
tude smaller than the overall dimen-
sions of the complete system. In a pre-
vious paper (Ref.1), the influence of
backlash and manufacturing errors of
carrier and gears of a simple planetary
system is demonstrated. Furthermore,

the favorable impact of a floating, self-
centering sun on the load distribution
was shown. However, the model was
2-dimensional; this is an important
drawback, as it restricts its application
to straight spur gears. The current study
advances one step further and intro-
duces a 3-D model that makes possible
the analysis of planetary systems con-
sisting of helical gears.

Planetary Gear Train
In the current study a simple planetary
gear system with helical gears is mod-
eled (Fig.1); it consists of a fixed ring
gear mounted on the housing, a carrier
with three equally spaced planets, and
the sun. Two versions are studied; in
the first, the sun rotates around a fixed
axis or, put in another way, the input
shaft is supported by two bearings; in
the second version the input torque is
transmitted to the sun gear by a dou-
ble-articulated spline coupling. There-
fore it is free to position itself between
the planet gears. The planet gears are
mounted on the pins by two roller
bearings. The carrier is mounted in the
housing also by two bearings. Torque

elling procedure. They

include automatic genera-

tion of 3-D gear flanks and Sun Planets Ring
selective meshing. A simple Number of teethz 13 24 -65

planetary gear system fea- Adde”goirpﬁz?e"ri'gca“o” 0.8 0.757 0.1017
turing helical gears with Tip diameter d, [mm] 28.65 16.85 67.6

backlash and manufactur- Module m, [mm] 1

ing errors is used to dem- Helix angle B [degrees] 20

onstrate the effectiveness Centre distance a [mm] 21

of the proposed procedure, Facewidth b [mm] 10

since it features multiple Bottom clearance ¢, [mm] 0.25

contacts and floating mem- Basic rack DIN 867

bers. Results shown include  Figure 1

Gear data and simple planetary gear train with helical gears.
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Figure2 Refinement boxes at planet —ring gear mesh; (a) root fillet; (b) plane of action.

output is through the carrier. The carri-
er and the pins are considered very stiff
compared to the gears, and therefore
are not included in the model. All gears
have the same facewidth and are made
from case hardened steel; the gear data
are included (Fig. 1).

Finite Element Model

At first, a geometrically perfect gear
tooth profile is generated by rolling
a rack of given geometry on the pitch
circle of the gear. It is then simultane-
ously moved along the gear axis and
rotated around it. In this way the heli-
cal flanks of a tooth are produced. The
complete gear is then built as a circular
pattern of the single tooth. Following
this procedure, geometrically perfect
gears are created. Backlash can be in-
troduced to the gears by properly de-
creasing the profile shift.

The next task is to generate the
mesh, which is done in three steps. In
step 1 the 3-D surfaces of the gears are
meshed using triangular shell (2-D)
elements; in step 2, solid (tetrahedral)
elements are automatically created in
the volume defined by the previously
created shell elements. The resulting
mesh is unstructured. In the third step
manufacturing deviations are imposed
in the model.

The main problem that needs to be
addressed is how to make the mesh
as fine as possible at the most critical
regions, while allowing it to be coarse
at the rest of the model. Obviously, the
most critical areas are in the vicin-
ity of the contact line and the fillet
between the flank and the root sur-
face of the gears. At first approxima-
tion, one could consider making a

fine mesh at the entire flank and fillet
areas. But this approach would result
in extremely high element numbers.
Aiming at keeping the element number
as low as possible—while maintain-
ing the accuracy of the results—the
fine mesh should be located near the
instantaneous contact line and not over
the entire active flank. Although it is
possible to make this mesh manually,
one should consider the effort and time
needed. On one hand, even in simple
planetary systems like the one consid-
ered in the current study, there are as
many as 12 gear teeth contacting each
other. On the other hand, to meet the
requirements of a quasi-static analy-
sis, many successive snapshots need
to be generated and solved. Obviously,
this process needs to be
automated.

in the current model these are: first,
the contact lines, which are defined as
the intersections of the active flanks
and the plane of action of each mesh,
and second, the fillet at the roots of the
mating teeth. The decisive advantage of
using these boxes is that they are fixed
to the planet carrier and therefore they
do not need to be repositioned when
creating a new snapshot. Figure 2
shows the BCBOX of the plane of action
of a planet—ring gear engagement. The
final step is to introduce manufacturing
deviations. In the current development
stage, the pitch error is considered
by modifying the tooth thickness in a
way previously introduced (Ref. 1). The
ANSA “morphing” tool is employed,
thus allowing the introduction of pitch

Models were created
using the ANSA pre-pro-
cessor's dedicated tools
for automatic mesh gen-
eration ("Batch Mesh")
in combination with the
mesh refinement boxes
(“BCBOX”) (Ref. 2). Batch
meshing makes it possible
for the user to define both
the meshing require-
ments and the quality
criteria for every region
of the model that should
be automatically gener-
ated for every snapshot.

The mesh refinement
boxes are hexahedral
boundaries defined by

the user that enclose the

regions, which must be
extremely fine-meshed;

Figure 3 Modification of the tooth thickness by morphing. Only
the active flank and the surrounding marked surface are
affected, while the bounds are fixed.
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Geometry Generation
v

ANSA Script driven pre-processing

Shell mesh — Solid mesh —» Manufacturing deviations

—» Boundary Conditions

Figure4 Overview of the workflow.

lx

Figure5 Mesh quality parameters.

error to the model (Fig. 3).

The third task is to apply the bound-
ary conditions. Once the mesh has
been automatically generated, contact
pairs need to be defined. A contact pair
includes all entities that might contact
each other during the solution process.
This step should also be automated
because at every snapshot the entire
mesh is regenerated and therefore the
previously defined contact pairs are
outdated. A custom script featuring the
ANSA generic entity builder (“GEB_
SB”), combined with the refinement
boxes, is employed to define the con-
tact pairs. In this way it is assumed that
only the active flanks of the engaged
gears may contact each other; contacts
of other surfaces are excluded from
the analysis. Since the model is quasi-
static, the rotational speed is not con-
sidered. Therefore the planet carrier
is assumed to be stationary. Torque is
applied to the sun gear. Depending on
the case solved, it is either allowed to
rotate around the fixed planetary sys-
tem axis or to rotate around its own axis
and center itself between the planets.
The planets are mounted on the car-
rier by rolling element bearings and
are allowed only to rotate around the

axis of their pins. Finally, the ring gear
is fixed.

Solution Scheme and Results
Figure 4 shows an overview of the
workflow. The entire analysis is carried
out using the BETA CAE Systems suite,

v
EPILYSIS solver
v
META Post processing

consisting of ANSA pre-processor, EPI-
LYSIS solver and META post-proces-
sor. As mentioned above, quasi-static
conditions are assumed.

To obtain a good quality mesh, target
values for the minimum/maximum ele-
ment angle ¢,, as well as for the maxi-
mum element length [, were set. Figure
5 shows the above quality parameters.
For the entire model, ¢; was limited in
the range 45°-75°.

In the root fillet area, the target ele-
ment length was set at 0.2 mm and the
allowable range 0.1-2mm. Along the
contact line the target element length
was set 0.08mm and the allowable
range 0.04-1.5mm. In these areas the
so-called “solids structural mesh algo-
rithm” was applied, which resulted in

s ATy
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AR
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Figure 6
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3-D FE mesh of the sun gear.
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Figure 7 Resulting von Mises stress field of the above cases. The impact of the pitch error on the contact stress is obvious; the favorable
effect of a free sun can be recognized at the fillet area.

Table 1 Load sharing results

a fine mesh of uniform density. In the
remaining areas of the model, a spe-
cial algorithm was implemented in
order to generate a smooth yet fast
transition from the fine to the coarse
mesh. The growth rate was chosen 1.6.
Figure 6 shows the 3-D FE model of
the sun gear. It should be emphasized
that the mesh in the unloaded areas is
almost 20 times coarser than along the
contact line. The following 4 cases were
solved:

Case A: Geometrically perfect gears;
sun gear allowed only to rotate around
the axis of the planetary system.

Case B: Sun gear with 20-um pitch
error; sun gear allowed only to rotate as
in case A.

Case C: Geometrically perfect
gears, sun gear allowed to center itself
between the planets. It can move as
needed, meaning that its axis may reach

Case A Case B Case C Case D

Planet 1 0.9065 1.6993 0.9970 1.0011

Planet 2 0.9245 0.5439 1.0024 1.0017

Planet 3 1.1688 0.7566 1.0000 0.9993

Load mesh load factor K,, 1.1688 1.6993 1.0024 1.0017
Overload +16.88 % +69.93 % +0.24 % +0.17 %

an off-center and oblique position rela-
tive to the ring gear axis. Only move-
ment in the axial direction is restricted.
In real planetary gear systems, this
model corresponds to a sun gear driven
by a double-articulated joint.

Case D: Sun gear with 20-pm pitch
error; sun gear floating as in case C.

Inall cases the torque applied to the sun
gear was 15Nm, which results in approxi-
mately 1250 N/mm?® contact stress.

Figure 7 shows the resulting von
Mises stress field of the above cases;
the impact of the pitch error on the

contact stress is obvious. The favorable
effect of a free sun can be recognized at
the fillet area.

Load sharing is the most interesting
result of the analysis; Table 1 shows
the results obtained.

It should first be noticed that even
in geometrically perfect planetary gear
systems, the torque distribution is not
uniform (case A). This should be attrib-
uted to the fact that the meshing stiff-
ness varies along the line of action.
Since the meshing points of the sun
differ with each planet, it is evident that
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differences in the load distribution will
occur. When the sun can float (case
C), torque is distributed almost uni-
formly. As expected, pitch errors have
a strong impact on the load distribution

(case B). Again, a self-aligning sun gear

enhances significantly the torque dis-
tribution (case D). Figure 8 shows the
deformation of the self-aligned sun in
case D. It should be noticed that its axis
is oblique relative to carrier axis.

Conclusions
A simple planetary gear train consist-
ing of helical gears was analyzed in the
current study using 3-D FE modeling.
The analysis was made possible by

employing advanced meshing tech-

niques, which helped to keep the DOFs  Figure8 Deformation of the sun gear in case D (scale factor: X 20; non-deformed gears are shown

manageable, as well as scripting, which
automated the procedure—allowing
easy generation of models for succes-
sive snapshots.

Results demonstrate the beneficial
effect of a floating sun and the impact
of manufacturing deviations.

Next steps of the research will
include the analysis of a floating ring
gear, as well as the impact of pin posi-
tion errors. PTE
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Thrust Cone Bearings Provide Increased Efficiency

for Helical Gear Units at Moderate Speed Levels
Indications for possible energy saving potential in an expanded

field of application
Armin Lohrengel and Marcel Hess

Introduction
Thrust cone bearings are an elegant option to handle the
axial forces generated by the torque transmission in heli-
cal-toothed gear stages. They have proven as an efficient
and reliable bearing concept for integrally geared compres-
sors but are nearly unknown in other fields of gearbox en-
gineering. The presented investigations consider three as-
pects which appear relevant to extend the field of possible
applications for thrust cones towards gearboxes constructed
with roller bearings. Based on simulations and experiments
design parameters were identified, which enable a signifi-
cant reduction of the necessary velocity for full film lubrica-
tion. For a single stage test gearbox noticeable increases in
efficiency were achieved by replacing tapered roller bearings
with a combination of thrust cone and ball bearings, espe-
cially during partially loaded operation. The resistance to
wear and the determination of limits for the bearable loads

under mixed friction conditions for various thrust cone de-
sign configurations are investigated in a third test series.
It appears that the few limit values known so far might be
exceeded significantly for future applications.

Helical gears are a common solution to reduce noise and
increase the transmittable torque in the construction of gear-
boxes. Unfortunately the pair of contact forces between the
meshing tooth flanks is not perpendicular to the axis of rota-
tion of the gear shafts, due to the helix angle. Transmitting
torque between pinion and gear leads to an axial force com-
ponent, which usually has to be transferred through the
gears, the shafts and axial bearings into the housing of the
gearbox (Fig.1, left) or offset by the use of double-helical
gears.

Thrust cone bearing concept. Figure 1 (right) presents an
alternative-bearing concept, i.e. — the “thrust cone” bearing.
Conical rims—denoted as thrust cones—are attached to
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Figure 1

Axial force components in helical gear boxes: with conventional bearing concept (left) and thrust cone bearing setup (right) (Ref. 6).
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both sides of the pinion and flank the opposing wheel. Their
conical shape and the contact surfaces ground to the sides
of the wheel lead to a narrowing gap in the overlapping area.
Lubrication fluid, sticking to the surfaces, is transferred into
this gap and generates a hydrodynamic pressure film that
separates thrust cones and the contact surfaces on the wheel.
The axial force generated on the pinion tooth is transferred
through the thrust cone and the fluid film onto the coni-
cal contact surface of the wheel; here it meets the axial force
component created on the wheel’s tooth. Since both force
components obtain the same value—but with opposing
directions—they “cancel” each other and no axial
force is transferred to the shafts or the housing (Fig.1,
right). This load reduction enables a lighter construction for
the machine components; the pinion shaft can be designed
without an axial bearing, while the axial bearing on the wheel
shaft operates only as positioning, i.e.—without load from
the helical gear pair.

Sum of the velocities:

Figure2 Contact velocities for two rotating cones: close to the pitch
point favorable cinematic conditions for hydrodynamic
lubrication occur (low differential velocity and high sum of
surface velocities) (Ref. 6).

The frictional losses in sliding bearings rise proportionally
to the square of the differential velocity between the con-
tacting surfaces. In a typical axial sliding bearing, the
differential velocity equals the circumferential velocity of the
running surface. In a thrust cone bearing, a lower differential
velocity occurs between the contacting surfaces since their
contact region is located close to the pitch point of the gear
pair (Fig. 2).

Aspects concerning an expanded field of application.
Currently the main application for thrust cone bearings is in
the field of integrally geared compressors (IGCs), which are
characterized by a very high rotational speed on the pinion
shaft (more than 10,000 rpm) and a nearly constant torque
load at their point of operation. Since the first patent in 1924
(Ref. 2) the thrust cone bearing has proven to be an appro-
priate, alternative bearing concept for helical gear pairs.
(Langer, Ref. 4) stated that a reduction of bearing-related fric-
tional losses for thrust cone concepts to 10-20% compared
to classical concepts based on tilting pads. Nevertheless, in
special operational situations, such as emergency shutdown
sequences, difficulties occur if the hydrodynamic carrying

capacity of the lubricant film is not sufficient to separate the
contact surfaces. Apart from IGCs the application of thrust
cones in modern engineering is limited and nearly negligible.

To improve the reliability of thrust cone bearings and widen
the field of possible applications, the following three main
topics are within the scope of a research project currently con-
ducted at the Institute for Mechanical Engineering (IMW):

Low-speed, full-film lubrication. Aiming for higher gear-
box efficiency, it is a crucial condition that the friction losses
in the thrust cone bearing are lower than the reduction of
losses in the bearings of the housing. Since the friction coef-
ficient under full-film lubrication is significantly lower than
in the mixed-friction regime, the importance of the required
reduction of the transition velocity becomes obvious.

Proof of efficiency. In ICGs, thrust cone bearings are usu-
ally combined with journal bearings where the axial load
compensation supersedes one axial bearing. In gearboxes
based on roller bearings, the benefit in efficiency is gained by
a change of bearing types. Instead of tapered roller bearings,
which are distinguished by their high axial load-carrying
capacity but generate a relatively high-energy consump-
tion, more efficient ball bearings might be used if axial
loads are compensated by thrust cones. To prove that the
suggested change in bearing types outweighs the additional
friction in the thrust cone contact, a comparative examina-
tion of gearbox efficiency for both concepts is presented.

Determination of bearable load under mixed-friction
conditions. Even though the transition velocity is reduced,
there will remain situations (starting or breaking maneu-
vers, for example) with insufficient speed for full-film lubri-
cation. A successful thrust cone design must safely withstand
these mixed-friction situations during the product’s life
cycle. Unfortunately, at this writing there is as yet no avail-
able information on bearable loads for thrust cone bearings
in open literature. To enable a wider use of thrust cone bear-
ings as a resource-efficient machine element in gearboxes,
a description of possible design influences on limiting load
values under mixed-friction conditions is required.

Reduction of the Required Velocity for Full-Film
Lubrication

Since full-film lubrication achieves efficient operation and
nearly eliminates wear effects on the contacting surfaces, re-
search activities were initially focused on influences on the
transition velocity. In general the fluid film in a thrust cone
bearing increases with the rotational speed and reduces with
additional load —but for a certain operation point (combi-
nation of load and speed) various thrust cone designs gen-
erate different fluid film thicknesses. To predict the effect of
design parameters on film thickness, a hydrodynamic fluid
film simulation was developed. The algorithm — inspired
by the work of (Barragan de Ling, Ref. 1) —allows solving
the Reynolds differential equation for a thrust cone bearing,
calculates the hydrodynamic pressure distribution, and de-
termines the minimum gap size between the elastically de-
formed contact surfaces.

Figure 3 illustrates some design variations for thrust
cone bearings, influencing the transition behavior. Besides
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the transition veloci-
ties at different load
steps were determined.
In the full-film lubrication region, contact surfaces are com-
pletely separated by the lubrication fluid. Due to its low con-
ductivity, high electric resistance can be observed between
the specimens. If the velocity is reduced the film thickness
shrinks for a constant axial load. A drastic drop of the electri-
cal resistance is notable when first metallic contact occurs
between the peaks of the rough surfaces. The current com-
bination of load and velocity is regarded as a transition
point to the mixed-friction regime. Some of the determined
transition points are plotted (Fig.4) as an example of the
experimental work. The data illustrates borderlines between
mixed- friction and full lubrication for flat thrust cones with
different inclination angles and slip values. Since low- tran-
sition velocities are desired for early full-film lubrications,
optimal design configurations can be found in the lower
region (Fig.4). In accordance

Figure 3 Design variations for thrust cone bearings (Ref. 6).

to be run under mixed-friction conditions is reduced by the
factor 4.

What's more, it becomes obvious that the transitions
observed in the test occur within a speed range that is signif-
icantly lower than the operational velocities for thrust cone
bearings in ICGs (>100m/s), and even relevant for gearboxes
running with roller bearings.

Gearbox Efficiency in Dependency of the
Bearing Concept
To investigate the thrust cones’ ability to reduce friction
losses in gearboxes based on roller bearings, a test gearbox
(Fig.5) has been set up. The gearbox is driven by an invert-
er-fed, asynchronous machine; a torque load can be applied
by an adjustable mechanical break coupled to the output
shaft. Input and output torque and the rotational speed are

with simulations, low slip val-
ues and cone angles lead to an
earlier separation of contact
surfaces; nevertheless, a cone
angle greater than zero is neces-
sary to generate even the slight-
est hydrodynamic lubrication.
Figure 4 shows that a small
geometric variation in the bear-
ingdesign canhave a greatinflu-
ence on transition behavior.
The transition velocity for the
best design (inclination angle: 21
0.5% slippage: 10%) is about
50% lower than for the worst
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is clearly recognizable.
Interestingly, the differ-
ence between the power
losses of the two bear-
ing concepts is hardly
varying with the input
power. That indicates a
nearly load-indepen-
dent loss mechanism

Figure 5 Test gearbox — equipable with tapered roller bearings (left side) or a combination of thrust cone and ball bearings

(right side) as concept drawings (top) and assembled (bottom) (Ref. 6).

recorded via measurement shafts with integrated rotary en-
coders. Both power input and output can be calculated from
the captured data. The difference between input and output
is regarded as system losses of the gearbox and the reciprocal
quotient as its efficiency. The system losses are the sum of
losses caused by several gearbox elements. To evaluate the
influence of the bearing concept on the system losses, the
gearbox can be equipped with either a set of tapered roller
bearings in O-arrangement, or with a combination of thrust
cone and ball bearings. All other components contributing
to the system losses — gearing, seals, oil level, etc. — are kept
constant during the tests.

By varying torque load and drive speed, characteristic
efficiency maps were determined for both bearing concepts
(Ref.6). As an example of the results gained in the compara-
tive tests, efficiency values derived from recorded data at sev-
eral load levels for drive speeds of 1,200rpm and 2,400rpm
are plotted over the power input (Fig.6). Even though the
recorded input power values are not exactly the same for
both bearing concepts, a benefit of the thrust cone solution

being responsible for
the gap between the
compared power loss
characteristics. Such a
mechanism might be
explained by drag losses
in the bearings, which
are highly dependent
on the roller geometry
and nearly independent

from load.

For all configurations
in Figure 6 we can see that
the efficiency increases
with the transmitted power, since load-independent friction
components gain higher weight only in partially loaded oper-
ation regions. The highest differences between the bearing
concepts occur for both velocities in the lower loaded region.
Assuming that other loss mechanisms, e.g. — the friction in
the tooth contact —raise with the load, the importance of the
nearly static difference between the bearing concepts due to
the drag losses is shrinking. Nevertheless the use of thrust
cone bearings leads to an average rise in efficiency for the
plotted graphs of three to four percent; in the partially loaded
regions ascents of about seven percent can be observed.

Bearable Load Under Mixed-Friction Conditions
Despite the achieved reduction of the transition velocity,
there remains a speed range in which mixed friction occurs.
A functional gearbox design demands thrust cone bearings
that reliably endure the estimated mixed -friction phases in
the product’s life cycle.

Since, as mentioned, the availability of data on acceptable
loads for thrust cone bearings in open literature is limited, a

drive speed: 1200 rpm
100 " "

2

£ 90¢

>

2

=

3 80f |
=

w

70 n n n n
0 2 4 6 8 10
power input kW
— O - - thrust cone with ball bearings

drive speed: 2400 rpm

100 T . .
=2
£ 9ot _
-
2
=
2
o 80t
=
o

70 : ' !

0 5 10 15 20
power input kW
—©— tapered roller bearings

Figure 6 Comparison of the efficiency for a gearbox with tapered roller bearings and a gearbox with a combination of thrust cones and ball.
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second test series shall provide further insight in bearable
loads and influencing parameters. The tests, conducted as
well on the thrust cone test bench, are carried out with a
constant rotational velocity that belongs to the mixed-fric-
tion speed range for all specimens in the transition veloc-
ity tests. Starting with a minimum load of 2kN, the axial
force applied to the probes is raised every 50,000 turns by
2kN until the destruction of the running surfaces is detected
or the surfaces withstand the maximum load of 100kN
and passed 2.5 million turns. During the tests cone angle, slip
value and contact width are varied for specimens made of
30CrNiMo8 and 34CrMo4. Nitriding of the running sur-
faces is another parameter in the tests. A high increase of
axial accelerations or torque values indicates the surface
destruction. To prevent fluid damages the temperature on
the contact surface is monitored; if it reaches a critical value,
the tests are interrupted for cooling; high temperature-time
gradients might indicate a surface destruction as well.

Even though the test series is not yet finished, first obser-
vations are nevertheless available. Most of the tested sur-
faces did not pass the full test cycle without failure. Table
1 presents the maximum load reached in the experiments
for 16 specimens arranged as fractional factorial design.
Additionally, the equivalent Hertzian pressure is calculated
for each test.

The equivalent Hertzian pressure is a common tool for
the dimensioning of thrust cone bearings (Refs. 3 and 5).
Therefore the flat, conical running surfaces are assumed to
be a Hertzian contact of two parallel cylinders with a length
that equals the contact width between the thrust cone and
the surface on the wheel. The radii of the cylinders are the
perpendicular distance between the center of the contact
zone and the rotation axis of their shafts.

The only design value for the bearable load of flat thrust
cones known from open literature is 50 MPa (Ref. 3). The 16
tests presented clearly exceeded that threshold. Only in one
case surface failure occurred at a pressure below 80 MPa;
in all other cases the surfaces withstood a load higher than
150MPa and failed at values three to six times higher than
the value known from literature. In four cases the specimen
endured the maximum test load of 100kN without failure.
To illustrate the influence of the design parameters under
investigation, a main effects diagram is presented (Fig. 7).

As expected, low slippage values and the nitriding of run-
ning surfaces have a clear, positive effect on the bearable
equivalent pressure. The choice of material and the con-
tact width seem to be less important for the contact pressure.
Nevertheless the contact width is clearly connected to the
absolute bearable load values, which can be seen by com-
paring the average axial force for both contact sizes (62.0kN
for the 10mm tracks, and 87.5kN for the 15 mm surfaces). The
strongest effect on the equivalent pressure can be seen for the
inclination angle. Interestingly, this parameter has a differ-
ent emphasis than in the transition velocity tests described
previously. While lower inclination angles appeared suit-
able for early full lubrication, contact with stronger inclined
surfaces resists higher loads under mixed-friction condi-
tions. A possible explanation for the observed effect could
be seen in deformations induced by the high loads during
the mixed-friction test. If the conical surfaces are flattened by
the deformation, specimens with initially high inclination
angles are hydrodynamically optimized, while the inclina-
tion disappears, or at least drops, under a critical minimum
for specimens that already started with low angles. Further
insight in interactions between the regarded parameters and
a regression for their influence on the bearable loads shall

be derived when enough tests are

Table 1  Excerpt of experimentally determined failure loads under mixed friction condition for various thrust conducted to allow a full fractional
cone designs .
analysis.
parameters results Editor’s Note: Thi
surface |[track width| material slippage |nitride surface| max. axial force |equivalent HERTZ'ian ( ltOF‘S ote: l.s paper was
anglein®| inmm - in % - in kN pressure in MPa written in the Spring of 2017.
05 10 34CrMo4 5 yes 82 226.5 Since that time, the series of tests
0.5 10 34CrMod 10 no 40 158.2 referred to in the “Bearable Load
0,5 10 30CrNiMo8 5 no 10 79.1 R .. ..
05 10 30CrNiMo8 10 ves 70 209.2 Under Mixed-Friction Conditions
05 15 34CrMo4 5 no 92 195.9 section beginning on page 55
0,5 15 34CrMo4 10 yes 60 158.2 has been completed and results
0,5 15 3OCrN!M08 5 yes 100 (no failure) 204.2 are now available at https://doi.
0,5 15 30CrNiMo8 10 no 78 180.3
1.0 10 34CrMod 5 no 76 3083 0rg/10.21268/20170718-120141.)
1,0 10 34CrMo4 10 yes 64 2829 It must be stated that the values
1,0 10 30CrNiMo8 5 yes 100 (no failure) 353.7 gained thus far should be regarded
1,0 10 30CrNiMo8 10 no 54 259.9 : ; : : :
1,0 15| 34CrMo4 5 yes 100 (no failure) 288.8 as a design aid while considering
10 15 34CrMod 10 no 70 2416 possible extreme load situations
1,0 15 30CrNiMo8 5 no 100 288.8 for the contact. A permanent bear-
1,0 15 30CrNiMo8 10 yes 100 (no failure) 288.8 ing operation under the tested
averaged equivalent HERTZ'ian pressure values: conditions does not appear rea-
parar_neter Ioweilevel averaged value in MPa h|ghe_r level averag,e\:ﬂdp\;alue in sonable, since the higher losses
surface angle: 0,5° 1764 10° 289.1 in a thrust cone bearing under
track width: 10mm 234.7 15mm 230.8 mixed-friction will not in any way
material: 34CrMo4 2325 30CrNiMo8 233.0 contribute to an efficient gearbox.
slippage: 5% 243.1 10% 2224 For “normal” load situations the
nitride: no 214.0 yes 251.5
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Figure 7 Main effects on the bearable equivalent Hertzian pressure under mixed friction conditions based on data
given in Table 1 for fractional factorial design of experiments. Note on material abbreviation: A stands for

34CrMo4; B represents 30CrNiMo8.

full-film lubrication by using numerical simulations. The pre-
sented tests reveal a remarkable load reserve for thrust cone
bearings running temporarily under mixed-friction condi-
tions —which is important in enabling a reliable application
design.

Conclusions
The conducted experiments on the transition behavior to full
lubrication have shown that the transition velocity is highly
influenced by geometrical parameters. For flat running sur-
faces, low inclination angles, and low slippage support early
full lubrication.

Comparative efficiency tests on a gearbox revealed a
remarkable energy-saving potential for lower-load situations
by replacing tapered roller bearings with a combination of
thrust cone and roller bearings.

Under mixed-friction conditions thrust cone specimens
withstood higher loads than expected by common design
values. Nitriding of contacting surfaces and low slippage are
suitable to increase the bearable equivalent Hertzian pres-
sure. The surface inclination angle generates an interest-
ing influence, since significant higher load values could be
reached with greater angles under mixed-friction conditions.
This observation makes a constant value for the equivalent
Hertzian pressure, as proposed by literature to date, a doubt-
able design base. The presented mixed-friction experiments
reveal a need for geometry-dependent limits. Furthermore,
since lower angles encourage full-film lubrication, an opti-
mization problem results for the design engineer, which
might be solved by numerical simulations.

(For more details on the work presented in this article,
particularly those pertaining to numerical simulations, can
be go to: Hess, Marcel, 2018. Einsatz von Druckkdmmen
zur Effizienzsteigerung von schrigverzahnten Getrieben.
Dissertation TU-Clausthal. ISBN 978-3-86948-624-6.)
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Dana

UNVEILS CONSTRUCTION, OFF-HIGHWAY MARKET STRATEGY

Dana Incorporated recently revealed new technologies in
support of the rapidly evolving development of hybrid- and
electric-powered construction and other off-highway ve-
hicles at Intermat, the international exhibition for the civil
engineering and structural building industries.

Consistent with its approach in other vehicle markets,
Dana’s strategy enables original-equipment manufacturers
to accelerate their hybrid and electric vehicle development
programs. It starts with a modular approach that combines
Spicer Electrified hybrid and electric drivetrain solutions
into current vehicle architectures with internal-combustion
engines.

From this foundation, Dana further supports the evolution
of vehicle mobility through a continuum of innovations that
provides a smooth transition to fully integrated electric-drive
technologies optimized within a single package to maximize
performance.

At Intermat, Dana showcased its technological capabilities
through a hybrid-electric telescopic boom lift equipped with
more than 30 Spicer drivetrain and Brevini motion prod-
ucts. This mid-sized aerial work platform performed a series
of typical driving and working maneuvers to illustrate how
Dana serves as a Tier One contributor to the performance,
efficiency, safety, intelligence, and systems integration of
hybrid and electric vehicles.

In addition to aerial work platforms, Dana is actively
developing hybrid and electric drive solutions for numerous
wheeled and tracked vehicles in the construction, mining,
material-handling, and aircraft ground support industries.

“Tightening emissions requirements, increasingly strict
local government regulations, and accelerating market
demand for vehicles that promote sustainability are driving
the development of hybrid and electrified technologies,” said
Aziz Aghili, president of Dana Off-Highway Drive and Motion
Technologies. “We are demonstrating our unmatched com-
mitment as a top-tier supplier to OEMs by delivering solu-
tions today while also developing next-generation innova-
tions for the vehicles of tomorrow.” (www.dana.com)
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Drive System Design Inc.

OPENSTEST FACILITY ON IMPROVING DRIVELINE EFFICIENCY

A new test facility has been developed in Michigan to help
vehicle manufacturers and their suppliers increase the ef-
ficiency of vehicle drivelines. Developed and operated by
Drive System Design Inc., the North American subsidiary of
U.K.-based driveline engineering consultancy Drive System
Design, the facility will help manufacturers lower emissions,
improve fuel economy and increase electric vehicle range.

“The current focus on real-world emissions means the effi-
ciency challenge has suddenly become substantially more
critical, yet parasitic and other losses are still draining energy
unnecessarily,” says Jon Brentnall, president DSD Inc. “Our
parent company has developed what we believe is Europe’s
most advanced, commercially-available development cen-
ter for vehicle driveline efficiency, with many test systems
designed in-house to ensure that areas that have not previ-
ously received sufficient attention can now be investigated.
It is our intention to build similar test capability tailored to
the North American market.”

The facility will initially house a loaded transmission effi-
ciency test rig and will be developed throughout the year
to finally include three pieces of driveline test equipment.
The current rig, which is fully operational, is suitable for all
transmission types, including engine accessory drives, such
as supercharger gearboxes. It will largely be used for trans-
mission efficiency testing and the data produced will also
ensure that transmission efficiency math models produced
in-house are well correlated.

Further expansion throughout the year will include a
hydraulic test stand for hydraulic valve body development
and a tilt rig, which provides enhanced lubrication flow anal-
ysis capability. “This will require a larger facility in the area,
which we are already investigating,” says Brentnall. “We are
delighted to be offering this opportunity for the automotive
industry in North America, but also for aspiring engineers
looking for their next challenge - the initial expansion has
already generated nine engineering vacancies.”

The facility’s first project is the test and development of
a full parallel hybrid transmission for a front-wheel drive
application for a North American vehicle manufacturer.

The new facility will also include extensive customer
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accessibility, allowing DSD’s engineers to work closely with
its customers throughout design, development and valida-
tion programs. “Our consultant engineers in Europe found
that they were able to produce designs that theoretically pro-
vided significant, low cost improvements in efficiency, but
that the test facilities were not available to focus development
attention in the appropriate areas,” Brentnall explains. “The
answer was to develop their own test systems, designed spe-
cifically for this increasingly important area of driveline engi-
neering. With the accelerating trend to electrification, the test
center is also designed for mild and full hybrid drivelines and
full electric drivelines.” (wwuw.drivesystemdesign.com)

Forest City Gear

ADDS DIRECTOR OF SALES

Forest City Gear has hired EriK J. Spurling as director of
sales to oversee the activities of the company’s network of
direct and independent sales
representatives nationwide,
and to lead sales strategies that
meet the growing demands of
a wide and diverse customer
base throughout the world’s
gear-making industries.

Spurling brings a wealth of
sales and marketing experi-
ence and a deep familiarity
with all facets of inside and
outside sales and customer :
service processes, along with a strong background in man-
ufacturing. This background, combined with his exten-
sive sales and marketing leadership skills, made him an
ideal candidate for the new position, says Wendy Young.
“Manufacturing the world’s best gears has always been the
company’s focus - Erik will help to elevate our sales efforts
to that same level,” says Young. “Our sales force, and the cus-
tomers they serve, will benefit greatly from new strategies
and methodologies that make the sales process faster and
more efficient.” (forestcitygear.com)

Schaeffler

CELEBRATES 75™ YEARS OF MANUFACTURING IN
CONNECTICUT

The Schaeffler Group celebrated the 75th anniversary of its
Danbury manufacturing operations located in Connecticut.
In just the past 15 years, the global manufacturer of precision
components and systems for the automotive, industrial and
aerospace sectors has invested over $55 million in its Con-
necticut operations.

Georg F. W. Schaeffler, family shareholder and chairman
of the supervisory board of Schaeffler AG, as well as mem-
bers of Schaeffler’s global and regional management boards
were joined at the festive event by numerous state and local
dignitaries, including Connecticut Governor Dannel Malloy
and Danbury Mayor Mark Boughton.

Founded in Danbury in 1942, Barden started out as a
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manufacturer dedicated to the production and inspec-
tion of miniature and instrument-precision ball bearings
for military applications. Approximately 17 years ago, the
Barden brand and the Danbury facility became part of the
Schaeffler Group, and today the site is known for producing
super-precision bearings with exotic finishes and surface
treatments for sophisticated aerospace applications. “The
high-precision products that are made right here in Danbury
are crucial to Schaeffler’s success in the U.S. and around the
world,” said Dr. Stefan Spindler, CEO of
Schaeffler’s  Industrial  division.
“Nearly eight decades of experi-
ence as a full-service supplier

of super-precision bearings
' have made the Barden
brand an indispens-
able anchor of

Schaeffler Aerospace
within  our Industrial
division.”

Headquartered in Fort Mill,
SC, Schaeffler Group USA Inc. has
approximately 6,000 employees work-
ing at facilities spread throughout South Carolina, Ohio,
Missouri, Michigan and, of course, Connecticut. (www.
schaeffler.com)

Lafert North America

APPOINTS INSIDE SALES TEAM

Lafert North America, a manufac-
turer of metric AC Motors, metric
gearboxes and coolant pumps,
is pleased to announce the ap-
pointment of JOel Fernandes
to the role of sales representa-
tive. Fernandes brings nine years
of sales experience to Lafert with
time spent in the construction
and power distribution industry.
A graduate of the University of To-
ronto, Fernandes brings the abil-
ity to problem solve and provide
the support required to meet in-
dustry needs.

They are also pleased to
announce the appointment
of Jesse 5Sagoo to the role
of sales representative, bring-
ing 12 years of technical sales in
the power distribution market
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segment. Sagoo holds an electrical engineering technology
designation from Humber College; he uses this training and
experience to build customer relations and deliver positive
value. (www.lafertna.com)

GE and SEW Eurodrive

JOINTO SELL CONTROLLERS AND DRIVE-BASED
AUTOMATION PRODUCTS

Customers of GE Power’s Automation and Controls business
and SEW-Eurodrive will soon be able to benefit from each
other’s broad motion control and automation portfolios as
the companies sell each other’s products around the world.
For customers, this means working with a single company to
fulfill essential automation requirements.

GE and SEW-Eurodrive plan to provide complimentary
solutions for drive and controller-based motion control
solutions for discrete and process applications. These solu-
tions can be used in applications including machine control,
manufacturing, and a variety of infrastructure verticals.

“This collaboration marries our rich set of industrial con-
trol and computer products with the strong set of drive auto-
mation products from SEW-Eurodrive,” said Rob McKeel,
chief marketing officer for GE Power and CEO of GE’s
Automation and Controls business. “For our customers, this
means easier and greater access to a wide range of products
and automation solutions.”

GE Power’s Automation & Controls business recently
launched the Industrial Internet Control System (IICS) com-
bining both control and connectivity into a single device
aimed at bringing traditional controls into the digital era. For
machine builders looking to provide a new level of support
services to their end customers, this IIOT infrastructure pro-
vides instant access to the health and quality of their equip-
ment from anywhere in the world.

SEW-Eurodrive’s robust portfolio, from standard- and
servo-gearmotors and heavy industrial gear units to elec-
tronic drives, software, and complete drive-based automa-
tion systems, are based on modular components that can
be assembled in millions of different configurations. This
enables every drive solution to be built to customer specifi-
cations. (seweurodrive.com)

-

(Left to right) Rob McKeel, GE Automation and t:‘
Controls and Udo Aull, SEW-Eurodrive.
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June 23-26—EASA 2018 wmilwaukee, Wis-

consin. The Electrical Apparatus Service Association,

Inc. (EASA) is an international trade organization of

over 1,800 electromechanical sales and service firms in
nearly 80 countries. Through its many engineering and
educational programs, EASA provides members with a
means of keeping up to date on materials, equipment, and
state-of-the-art technology. The EASA 2018 convention
features 23 education sessions, three general sessions,

a three-day exhibition, two social events and more.
Educational topics include root cause failure analysis,

the interaction of pumps, motors and drives and motor
replacement options. The new Product Theater offers the
latest products and services of a select group of exhibitors.
For more information, visit www.easa.com/convention.

June 26-28—Hydrovision International
Charlotte, North Carolina. Join 3,000+ attendees and more
than 320 exhibiting companies from around the world at
the largest worldwide gathering of hydro professionals.
Hydrovision International provides a week of informative
hydropower focused meetings including perspectives on the
role of hydropower and issues affecting hydro resources.

It will also help participants develop a vision to meet
challenges and ensure the future sustainability of hydro.
Presentation topics include sustainability, equipment,
market trends, operations and maintenance, regulations,
water management and more. The exhibit hall serves as a
one-stop-shop for face-to-face business in the hydropower
market. For more information, visit www.hydroevent.com.

June 27-28—Dritev 2018 Bonn, Germany. In-
creased CO, discussions, sustainable mobility and electrified
drives: The automotive transmission world is changing. Why
the understanding of the transmission changes, how it is

to be understood as part of the overall powertrain and why
cross-component know-how becomes more and more im-
portant are the subjects of the Dritev in Bonn. Attendees can
expect more than 1,500 developers, around 100 internation-
al exhibitors and 80 specialist lectures on one of the world’s
largest networking platforms for powertrain and transmis-
sion development. Thus, Dritev seamlessly connects to the
long-standing tradition of the VDI Congress “Drivetrain

for Vehicles.” For more information, visit www.dritev.com.

July 30-August 2—CAR Management
Briefing Seminars Grand Traverse Resort, Traverse
City, Michigan. Initiated by the University of Michigan in
1965, the first Center for Automotive Research Management
Briefing Seminars (CAR MBS) hosted only 30 people. When
the industry was at its highest number of employment, the
event grew to attract more than 1,400 attendees annually
from more than 35 states and 15 countries-representing
industry, academia, media and the government. CAR MBS
leads the industry in providing a context for auto industry
stakeholders to discuss critical issues and emerging

trends while fostering new industry relationships in daily
networking sessions. Seminars include targeted sessions on
manufacturing strategy, vehicle lightweighting, connected
and automated vehicles, advanced powertrain, supply chain,
sales forecasting, purchasing, talent and designing for
technology. For more information, visit www.cargroup.org.

August 6-8—SAE Fundamentals of
Modern Vehicle Transmissions Seminar
Troy, Michigan. Starting with a look at the transmission’s
primary function -- to couple the engine to the driveline
and provide torque ratios between the two -- this updated
and expanded seminar covers the latest transmission
systems designed to achieve the most efficient engine
operation. Current designs, the components and sub-
systems used, their functional modes, how they operate,
and the inter-relationships will be discussed. For more
information, visit www.sae.org/learn/content/99018,.

August 14-16—ABMA Essential Con-
cepts of Bearing Technology 0ak Brook,
Illinois. This course will give you an overview of the bearing
industry as well as basic bearing types and applications.
Knowledge of the key players, bearing types and terminol-
ogy will ensure that everyone has a basic knowledge of the
industry upon arrival. This course is specially designed

for engineers and others with technical backgrounds that
have limited exposure to bearings and need to adapt their
technical training to bearings or seek an upgrade to their
technical knowledge. The Essentials Course focuses on
understanding basic tribology, bearing types and applica-
tions and explores the basic concepts around manufacturing
methods, loads, lubrication and failure. For more informa-
tion, visit www.americanbearings.org/?page=EssentialsCourse.

August 21-22—Fraunhofer CMI: Funda-
mentals of Gear and Transmission Tech-
Nnology Brookline, MA. In this course on gear and trans-
mission technologies, basic properties of gears as machine
elements, gear manufacturing technologies, methods for
quality control, as well as testing and analysis of load carry-
ing capacity and running behavior are presented. The course
focuses on methods of interpretation, analysis and solving
challenges in the design, manufacturing and application of
gears. The course is meant for designers and manufacturing
engineers working in gear and transmission technology, as
well as for shop floor and department managers involved
with the production and sale of gears and gearboxes. Fee is
$1,495. For more information, visit www.cmi.fraunhofer.com.

September 11-14—AGMA Basic Train-
ing for Gear Manufacturing (Fall) Hilton
Oak Lawn, Chicago, Illinois. Learn the fundamentals of
gear manufacturing in this hands-on course. Gain an
understanding of gearing and nomenclature, principles
of inspection, gear manufacturing methods, and hobbing
and shaping. Utilizing manual machines, attendees will
develop a deeper breadth of perspective and understand-
ing of the process and physics of making a gear as well as
the ability to apply this knowledge in working with CNC
equipment commonly in use. Although the Basic Course
is designed primarily for newer employees with at least
six months’ experience in setup or machine operation,

it has proved beneficial to quality control managers,
sales representatives, management, and executives.
Instructors include Dwight Smith, Peter Grossi and Al-
len Bird. For more information, visit www.agma.org.

JUNE 2018 Power Transmission Engineering 61



" CALL FOR PAPERS! )

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

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

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

Chances are you'll be creating
the paper under the auspices
of the company for whom you
work or own, or for one of

the various industry-relevant
associations. That means
they as well will bask in the
reflected glory that accrues
with publication in Power
Transmission Engineering.

For publication guidelines
and more information, please
contact Jack McGuinn at

jmcguinn@powertransmission.com)
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POWER PLAY

The Final Puzzle Piece

The PCCP, one of the largest pumping station systems in the world, is
finally fully operational, marking the completion of the last piece of
New Orleans’ countermeasures against another Hurricane Katrina.

Alex Cannella, Associate Editor

Saying New Orleans has a flooding problem
isn’'t exactly a page-turning assertion. While Hur-
ricane Katrina may be one of the greatest natural disasters
to hit U.S. soil, it’s also far from the only time New Orleans
has been flooded. Needless to say, past anti-flooding mea-
sures haven’t been cutting it, and Hurricane Katrina was
catastrophic enough to convince the city it needs a new solu-
tion for what they call 100-year level storm surges (in other
words, storms so massive you only see them once every 100
years; the 99th percentile of how bad a storm can get).

So New Orleans is upgrading. Enter the Permanent Canal
Closures & Pumps (PCCP), one of sev-
eral projects that have been in devel-
opment in response to the Hurricane
Katrina disaster and now one of the
largest pumps in the world. Designed
and built by the U.S. Army Corps of
Engineers, it's a monumental project
that is designed to replace the Interim
Closure Structures, which as their
name might suggest, were a stopgap
measure until the PCCP came online.
It will, hopefully, put some of the city’s
flooding issues to rest.

To say the PCCP is the “largest pump
in the world” might be a little disin-
genuous, however. That honor goes
to a pair of pumps in the Netherlands
built by Pentair Fairbanks Nijhuis. In
reality, it’s an entire system made up
of 17 pumps across three critical locations, and combined,
the whole system is orders of magnitude larger than most
pump operations. By working in concert, they're all capable
of moving a staggering 24,300 cubic feet per second (cfs) of
water. Combined, they could fill an Olympic pool to capac-
ity in under four seconds. The pumps themselves are pretty
impressive individually, as well. Ten of them are each capa-
ble of pumping 1800 cfs on their own. And, fun little tidbit:
Baldor Electric’s gearmotors will be powering them.

The PCCP system is designed to take water from three
canals, Orleans Avenue, London Avenue, and 17th Street —
two of which, not coincidentally, had major levee breaches
that formed the epicenter of the catastrophic flooding dur-
ing Hurricane Katrina — and pump that water into Lake
Pontchartrain. Along with the pumping stations, the PCCP
also boasts gates capable of fending off a 16-foot storm surge
from the lake that can open and close depending on the situ-
ation, meaning the canals can still drain naturally in normal
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weather conditions and the pumps won't have to work 24/7.

Almost as impressive as the pumping system itself were
the cofferdams used to build them. Like the pumping sys-
tem, they were also amongst the largest of their kind ever
constructed, with the one used for the 17th Street canal
pump station in particular measuring as large as a football
field and 50 feet deep in some places.

The Army Corps of Engineers just finished work on the
PCCP in May, and the project’s completion was celebrated
May 31. The PCCP is the last section of New Orleans’ $14.5
billion project for building new defenses against flooding

Photo courtesy of U.S. Army Corps of Engineers

in response to Hurricane Katrina, the final puzzle piece in
what Joe Hassinger, Southeast Louisiana Flood Protection
Authority — East President, called “the most robust flood
defense system” New Orleans’ metro area has ever had dur-
ing the May 31 ribbon-cutting ceremony.

And while New Orleans’ new defenses have yet to be put
to the test by nature, the PCCP is a staggeringly massive sys-
tem and a feat of engineering. Unlike the ICS before it, the
PCCP has been designed to be a stable, lasting solution for
New Orleans that will continue operation for a century to
come. And if one of the biggest pumping station systems in
the world can’t solve New Orleans’ flooding problem, we’ll
be hard-pressed to find something that can.

For more information:
U.S. Army Corps of Engineers
Phone: (504) 862-1495
www.mvn.usace.army.mil
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Can’t get it off?

Having a hard time removing a corroded gear unit
from your machine shaft? Well, stop fretting. Wise
up and get TorgLOC® from SEW-EURODRIVE.

With its stainless steel construction, keyless
hollow shaft, and taper bushings, TorgLOC®

disassembly is fast and easy. The same bolts
Assembly used for assembly are used for disassembly.

Not only does TorgLOC® reduce your
maintenance headaches, it also reduces energy
costs by eliminating belts, chains, and sprockets.

Disassembly

EURODRIVE
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Looking to give your bearings maximum
protection against electrical arcing damage?

Look to Schaeffler.

The problem: Damage caused by electrical current passing through bearings in electric motors.

The solution: Current-insulated bearings from Schaeffler — featuring our proprietary Insutect™
ceramic coating — that have heen engineered to stop stray electric current in its tracks.

Now that’s electrifying.

www.schaeffler.us SCH A E FF LE R



