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Precision Gearboxes

for Servomotors

SureGear” Sureﬁ @
Precision Servo gear

Gearboxes .
(PGB070-05A1)

The SureGear series of high-precision servo gear
reducers is an excellent choice for applications that \—
rs

require accuracy and reliability at an exceptional value.

These planetary gearboxes, available in right-angle,
inline, and now hub-style versions, have a thread-in S
mounting style, along with precision and torque
capacity that is best in class.

Example
models
shown

* NEW hub-style models are perfect for
applications requiring high-speed,
high-precision indexing movement

* Industry-standard mounting dimensions

* Best-in-class backlash

* Multiple gear ratios available
(5, 10, 15, 25, 35, 50:1)

* Uncaged needle roller bearings for high
rigidity and torque

* Maintenance free: no need to replace
the grease for the life of the unit

Mates easily to
* At nominal speed, service life is 20,000 hours SureServo motors
* Can be positioned in any orientation

* 5-year warranty

* Starting at: $398.00 (70mm Frame - PGA070-05Al)

Use SureGear with our practical Research, price, buy at:
SureServo systems www.automationdirect.com/motion-control
start under $1,000%* ~ The SureServo family of
= brushless servo systems AutomationDirect
; i utomationDirec '

from AqumatlonDlrect pricofpart Number . U/S, ﬁrlilni;:’a?trlﬂl(rinlli¥

is fully digital and offers Servo Systems

a rich set of features at

dynamite prices. Digital Servo Drive 3488.00 @ $1,340.00

Beginners to experienced  f imwsenenory | $325.00 @ | $558.00 @

users can take advantage :

of this easy-to-use family Breskout Board Kitfor | $94.00 @ ﬁ%gﬁﬂg Q

for as little as $986.00%* :

(|00W System), ;gedM:;:JCable SVG-EFL010 @ zuau CFBMEDF CBAADS @

% All components sold separately. ;g"”ng:::(:arble §,52,p?;0§]0 @ zuaa CPBMSDF 15AA03 $

* Eight standard systems from 100 W to 3 kW Configuration software | FREE @ $82.00 @

* Use with most AutomationDirect PLCs or any other
host control

*SureServo Pro software is FREE when downloaded and is also available for $9.00 on a CD

* Drives feature on-board indexer and adaptive tuning modes

Complete 1-axis 100W System $986_0n $2,434.0U

* Free set-up software

* 2 year warranty

com

ur ©Copyright 2014, Cumming, GA USA.

1-800-633-0405 the #1 value in automation
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a time.
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BEYTA GEAR SERVICE
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A LIFETIME
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TO WORK FOR YOU
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Vendor qualification
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Bid evaluations

Tooling design
Customized gear training
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Custom machine design

Charles D. Schuitz
chuck@beytagear.com
[630] 209-1652

www.beytagear.com

Manufactured Domestically, Trusted Internationally.
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Can your gearbox
go the distance?

Optimize driveline performance
with SKF bearings and more. reliability for manufacturers and end users alike.

SKF optimizes transmission performance and

Using the SKF Life Cycle Management approach, we
can help you

e Increase torque

e Downsize designs

¢ Double bearing service life
¢ Improve energy efficiency
e Increase reliability
* Reduce energy use

We help you reach these goals with a

complete range of gearbox solutions —

from upgraded SKF Explorer spherical
roller bearings to commissioning, repair and
remanufacturing services and much more.

For more information, visit skf.com.

Visit us at Gear Expo 2015, October 20-22,
Detroit, Booth 1042

aIGE

The Power of Knowledge Engineering

® SKF and SKF Explorer are registered trademarks of the SKF Group | © SKF Group 2015
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For the Last 60 Years,
We've Never Stopped Learning

Searching for a higher gear-producing 1Q? Make the smart choice today.
aihle,
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Top 5 Reasons To
Go to Gear Expo

Gear Expo 2015 takes place October 20-22 in
Detroit. If you haven’t already made plans to attend the
show, you might be might be missing out on a great chance
to learn more about gears, find new potential suppliers and
network with your peers. Gear Expo is the industry’s pre-
mier trade show, and it provides plenty of opportunities for
anyone whose work involves gears — from manufacturing to
processing, purchasing and use.

Gear Expo used to be viewed as mostly a show for gear
manufacturers to attend. Exhibitors included the major ma-
chine tool manufacturers, cutting tool suppliers and service
providers aimed at supplying the gear manufacturing pro-
cess. The show still includes all of those exhibitors, but over
the years, Gear Expo’s emphasis on the entire supply chain
has grown — meaning that the show has become more and
more important to gear buyers, because more and more gear
and gear drive manufacturers are exhibiting.

For most of you who read Power Transmission Engineer-
ing, that’s a very good thing, especially if you're involved
with the specification, purchase and use of gears. Finding
the right gear supplier can make all the difference in a suc-
cessful product.

But there are many reasons to go to Gear Expo. Here we've
laid out a few of the most important ones:

cannot be properly designed without a solid un-

@ derstanding of the manufacturing processes that

will be used to make them. In recent years, some of those

processes have been improved, and new processes are al-

ways being developed. In order to design and develop gears

that cost less, run more quietly or handle more power, you

need to learn more about those changes and the latest gear

manufacturing technologies. Who knows, you might even

consider bringing gear manufacturing in-house rather than
outsourcing it (or vice-versa!).

1 Learn more about how gears are made. Gears

Find new gear suppliers. There will be more than

2 70 gear and gear drive manufacturers exhibiting at

@ the show, as well as vendors of gear software, lubri-

cation, bearings and automation solutions. See our map and

listings on pages 32-34 for a complete list of the Gear Expo

exhibitors of most interest to Power Transmission Engineer-
ing readers.
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There’s always something new. Many of these ex-

3 hibitors are interested in speaking with you. Our

@ Gear Expo preview article, beginning on page 24,

touches base with a number of them. Also, don’t forget to

read our special “Showstoppers” advertising section, begin-

ning on page 29, to see what some of the Gear Expo exhibi-
tors have to offer.

Educational opportunities. Visit wwuw.gearexpo.

4 com to learn more about the many educational pro-

@ grams put on by the AGMA in conjunction with the

show. These include the Fall Technical Meeting (which takes

place Oct 18-20, overlapping with the show), a number of

gear-related seminars, and the Solutions Center, an educa-
tional theater right in the middle of the show floor.

Ask the Expert Live. In conjunction with Gear

5 Technology magazine, we've put together some

@ educational sessions of our own. For the first time

ever, we're offering a live and in-person version of our popu-

lar “Ask the Expert” column. At Gear Expo, we're hosting four

sessions of Ask the Expert Live, each one focused on a spe-

cific gear-related topic and featuring three or four renowned

experts. See our ad on page 61 for a full schedule of topics

and presenters who will be on hand to answer your ques-
tions.

Of course, we'll be at the show, and we’d love to see as
many of you as possible. Please stop by Booth #2030 to meet
our editors, participate in Ask the Expert Live and learn more
about our print and electronic subscription options. Wheth-
er you can make it to the show or not, we're always interested
in your feedback about how we can serve you better. Send
me a note at wrs@powertransmission.com with any sugges-

tions or comments. E ;

WWW.PGWERTRANSMISSIDN.CGM]*

Randy Stott, Managing Editor



High-Quality Components for Industrial Applications

We Have Your BEARINGS

Hard to find bearings

Configurable bearings

Washdown flange and pillowblock
mounted bearings

Plastic bearings

Rod ends and much more

Prevent Unnecessary Damage
during Bearing Repair Operations

We Have Your Tools for BEARING
& POWER TRANSMISSION
COMPONENT MAINTENANCE

Induction heaters
Mounting/dismounting tools
Condition monitoring tools and equipment

Learn more — watch video
Get your free catalogs — B620 and B700
Technical assistance and bearing services

QUALITY BEARINGS & COMPONENTS

www.qgbcbearings.com
516-616-0436

Designatronics

We Have Your METRIC GEARS
Ground gears for high-speed,
high-torque and quiet transmission
applications

Modules 1 to 10
Spur gears

Helical gears

Internal gears

Racks

Miter gears

Bevel gears and more

We customize our standard gears to
meet your requirements

Download 3D models
Get your free Q430 catalog
Shop online

METRIC GEARS

www.qtcgears.com
516-437-6700

Engineered Solutions for a World in Motion
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Heidenhain Renco
Encoders

POSSESS MODULAR DESIGN WITHOUT AN INTEGRAL BEARING

Heidenhain’s Renco brand of encoders is available for use
within a variety of mobile robot applications. Specifically,
the modular Remco R35i and RCML15 rotary encoders are
designed for motion and speed feedback control in automat-
ed guided vehicle (AGV) projects used in distribution ware-
houses, manufacturing plants and medical facilities of note.

The Renco R35i rotary encoder is particularly noted for its
modular design without an integral bearing. Its special prop-
erties are its compact design with a 35 mm outside diame-
ter and only 14 mm height as well as its easy, self-centering
mounting thanks to a patented slide lock. With its OPTO-
ASIC technology, the Renco R35i offers improved function-
ality with the smallest possible dimensions.

The Renco RCML 15 rotary encoder offers similar reli-
ability along with the OPTP-ASIC technology while having a
height of only 8.9 mm, offering an alternative to the R35i with
a low mounting profile.

AGVs are mobile wheel-based robots designed to carry a
load through a facility without an onboard operator or driver.
Due to new advancements of technologies used within the
intelligent and flexible material handling field, many large
warehouses and distribution centers have adapted to using
AGVs. This switch has led to an increase in efficiency and a
reduction in costs by automating some of the manufacturing
facility or warehouse.

The Renco brand R35i and RCMLI15 rotary encoders cur-
rently provide motion and speed feedback in AGV motors
which operate a multitude of the axes, with the most com-
mon axis being the motors used on the AGV drive wheels.
When using the Renco brand encoders, an AGV system can
accurately monitor and establish its speed with consistent
repeatability. These aspects are crucial to the machines as
they may need to interact directly with a person, and this
level of quality is required in order to ensure the safety of the

KISSsysWeb

people involved.

The Renco encoders’ slim and lightweight design allows
motor designers more flexibility, especially in these applica-
tions where space and weight is critical. The Renco encod-
ers combine brushless motor commutation pulses and in-
cremental position feedback, which reduces the cost while
improving the performance and reliability of the brushless
motor/encoder package.

Typical AGV applications include transportation of ma-
terials (raw, work-in-process, and finished goods), storage/
retrieval in support of picking in warehousing and distribu-
tion applications, carrying medical supplies and equipment
within hospitals, and material handling within clean rooms
in the semiconductor industry.

For more information:

Phone: (847) 519-4218
www.heidenhain.us

ALLOWS COMPANIES SIMPLE CALCULATION OF KISSSYS MODELS

8

Power Transmission Engineering

KISSsoft recently introduced the
KISSsysWeb, a new product that al-
lows companies to use the calcula-
tion of KISSsys models in an easy
and simple way using the Internet.
This application is designed for

KISSsys [
Web \

sales people who want to quickly
recalculate already existing gear-
boxes with different operating val-
ues.

The KISSsys models are selected
from the tree structure and the cor-
responding loads are defined. Not
only the speed and torque param-
eters, but also load spectra as well
as radial and axial loads can be
specified.

With a single click, the gearbox is

SEPTEMBER 2015

calculated and a report is created
with service life, safeties, efficiency
and other results. This report can
then be further used in PDF format.
The models are located on the
web server of the company’s net-
work and the application is pass-
word-protected so that all data is
secure.
For more information:

Phone: +41 55 254 20 50
www.KISSsoft. AG
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Gearing your past
to power your future.

Breakdown Services Heat Treatment

We understand the urgency of meeting critical Our in-house heat treat facility performs a full
deadlines. We offer our customers expedited range of services that include annealing,
services without sacrificing quality. carburizing, and thru hardening.

B&R Machine and Gear Corporation is a full service gear

B& manufacturing facility driven to power your equipment with
reliable and durable gears that are built to perform and last. Find

MACEINE ANDIGEARICORE the perfect mesh. No matter the gear, we’ve got you covered.

VISIT OUR WEBSITE BRGEAR.COM FOR MORE INFORMATION
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Maxon EC-4pole 30 Brushless DC Motor

PROVIDES NOMINAL TORQUE OF 106 MNM

Maxon motor recently developed a brushless DC motor for hand-held sur-
gical tools: the EC-4pole 30. Featuring two pole pairs, this DC motor
provides a nominal torque of 106 mNm and an output of 150

W. It has a hermetically sealed rotor, meaning that it can
withstand over 1,000 autoclave cycles.

The EC-4pole 30 is equipped with ironless Maxon
winding, which makes it more efficient. Another feature
is that the torque and current behave linearly and the
drive can be overloaded. It is available with an op-
tional Hall sensor, as well as with a hollow shaft
with a diameter of up to 4.1 mm.

¢

For more information:
Phone: (508) 677-0520
www.maxonmotorusa.com

Miki Pulley BXR-LE Brakes

SPECIFICALLY DESIGNED FOR USE ON ROBOTIC ARMS

The recently introduced Miki Pulley BXR-LE brakes were
specifically designed for use on robotic arms to reduce the
cantilevered load. With accompanying voltage controller,

Exsys

TO PRESENT GEARBOX LINE AT CMTS 2015

Alongside their collection of lathe tools, Exsys Canada will be pre-
senting the line of gearboxes they offer from Eppinger at CMTS

2015 at booth 2022.

Suited for a range of applications, including machinery, au-
tomation and robotics, Eppinger’s compact, high-transmis-
sion gearboxes are designed to meet demands for stiffness,
efficiency and performance. These precision gearboxes
come in a variety of types, including bevel, hypoid, plan-
etary and cycloidal designs, to bring smooth, reliable op-

eration to a variety of industry segments.

For more information:
Phone: (905) 792-8001
www.exsys-tool.com

1@ Power Transmission Engineering SEPTEMBER 2015

power consumption is stepped down to 7VDC after a split
second of 24VDC for brake actuation. When compared to
the other BX brakes in the Miki lineup, this BXR-LE design
provides just one-third power consumption and heat gen-
eration in one-half the overall size thickness. Specifications
are: maximum RPM of 6,000; static friction torque range of
0.32Nm-1.32Nm (0.236 ft-Ibs - 0.973 ft-lIbs); and ambient
operating temperature of —20°C - -60°C (-4°F - —-140°F).

Applications for the BXR-LE brakes include: robotic arm
joints to stop movement during a catastrophic power failure;
Z-axis ball screw brake on CNC machine centers; mounting
on a servo motor face, the slim brake profile saves space.
For more information:

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

WWWAPOWERTRANSMISSIDN.CUM]*



RAVE GEARS ==
& MACHINING =="'":

TALENT&TECHNOLOGYDRIVEN Booth # 1339

OUR BRAND-NEW, STATE-OF-THE-ART FACILITY IS PRODUCING THE
HIGHEST QUALITY SPIRAL BEVEL, HYPOID, SPUR, AND HELICAL GEARS.

 Latest Equipment « Talented Employees
* AS9100 Certified  |ISO 9001-2008 Certified
» Fast Delivery » Design & Engineering

CURRENT customers in aerospace, racing, oil & other industries.

RAVE GEARS
P & MACHINING

TALENT&TECHNOLOGY DRIVEN

425 Strempel St. Seguin, TX 78155
(855) RAV GEAR | 855-728-4327
www.RAVEGEARS.com

sales@ravegears.com
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quote within
4 hours.”

Brandy - Inside
Sales Associate

Our team is committed to keeping
our promises and ensuring your
complete satisfaction from inquiry
to delivery.

Learn more at
MclInnesRolledRings.com/ExpectMore

1.800.569.1420

Bonfiglioli Motor

HELPS TECHNOWRAPP CREATE NEW ARM PALLET WRAPPER

Through their close collaboration with Bonfiglioli, Technow-
rapp recently created Runner Arm, an arm pallet wrapper meant
to combine high performance and simplicity of operation and

maintenance.

Due to two specific patents, Runner Arm _..L .y

can wrap 136 pallets/hour with
10 turns per pallet, establish-
ing a pallet with just 76 grams
of stretch wrap film (val-
ue achieved with 15
pm film). The rotary
arm with centripetal
contrast ring contains
and guides the arm as it
moves and makes it pos-
sible to reach a rotation speed
of 45 RPM, combining this with
low structural stress. The cutting and

welding pliers operate on the moving load, contributing to the
increase in speed and efficiency of the work cycle.

For more information:
Phone: (859) 334-3333
www.bonfiglioliusa.com/en-us

Stafford Stainless Steel Shaft
Collars and Mounting Devices

INCLUDE 18-8 OR 316 SST FASTENER FOR USE IN HARSH APPLICATIONS

Stafford Manufacturing Corp. recently
introduced a full line of stainless steel
shaft collars, couplings, and flange
mounts designed for environments
exposed to harsh chemicals and cor-
rosives.

Stafford’s stainless steel shaft col-
lars and mounting devices are manu-
factured from 303 or 316 SST and in-

1 E Power Transmission Engineering SEPTEMBER 2015

clude 18-8 or 316 SST fasteners for use
in harsh environments where there is
frequent exposure to chemicals and
corrosives. Designed for building and
maintaining equipment used in clean-
rooms and laboratories, the collection
includes shaft collars for use as stops,
spacers, and mounting devices, flange
mounts, and shaft couplings for drive
systems.

Available in a wide range of sizes
from one-quarter inch I.D. up, Stafford
stainless steel shaft collars are avail-
able in one- and two-piece and hinged
clamp styles with smooth bores. A
Grip & Go handle can convert a stan-
dard shaft collar into an adjustable
locating device. Accu-Flange collars
are offered for component mounting,
and rigid couplings come in one-, two-
and three-piece styles with straight- or
stepped bores.

For more information:

Phone: (800) 695-5551
www.staffordmfg.com
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THE DRIVE TECHNOLOGY SHOW

POWERFUL

"% CONNECTIONS

REGISTER TODAY

FOR THE DRIVE TECHNOLOGY SHOW OF THE YEAR!

GEAR EXPO 2015 brings together

the full range of experts — design,
manufacturing, application engineering
— allin the same place — Cobo Center,
Detroit, October 20-22.

From a single gear to complex drives,
GEAR EXPO covers it all...

e More exhibitors — from gear making
machines to systems integrators.

e More education sessions — from
metallurgy and geometry to
maximizing power density.

e More attendees — buyers
and makers from automotive,
construction, mining, agriculture —
wherever high-performance
drives are critical.

e More solutions — meet the experts
and evaluate your capabilities.

GEAR EXPO 2015 is the place to be.
e Make powerful connections.
e See the latest technology in action.

e Get the inspiration you need to take
your products to the next level.

Improved drive technology is critical
to achieving higher efficiencies and
longer service life. All the information
and answers you need will be at
GEAR EXPO 2015.

VISIT

www.gearexpo.com/GEPOWER
Use code GEPOWER when registering.
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Screw Jacks

The Zimm series offers a

Il the

connecting, drive, and safety
components from a single source.

Download the product overview
and application guide today!
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product line!
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Keyence Robot

INSTALLED ON FRESENIUS MEDICAL CARE'S DIALYSER PRODUCTION LINE

Fresenius Medical Care SMAD recent-
ly equipped its dialyser production
line at its plant at LArbresle, France
with a robot.

“In 2009, we decided to automate
our dialyser handling unit, which is lo-
cated between a conveyor system and
a processing unit,” said Mouloud Ifri of
Fresenius Medical Care SMAD’s man-
ufacturing department. “Automating
the unit was an obvious solution. The
main challenge was that the dialysers
are stacked unevenly and their posi-
tions vary along three dimensions. We
had to find a system that could recog-
nize their positions.”

Fresenius automated its line for two
reasons: it is installed in a controlled
environment — problematic for hu-
man intervention —and it operated at
high speed 24 hours a day, seven days
aweek.

The feed system consists of two con-
veyors, each with two rows of dialysers.
The robot is equipped with a tool that
allows it to pick up two dialysers per
cycle. The tool is fitted with two Key-
ence LJ-G080 laser sensors, one per
dialyser, so that the dialysers are cor-
rectly picked up one after the other.

The robot thus simultaneously re-
moves dialysers from each stack on a
conveyor. It takes dialysers from the
two conveyors in turn. When a row
(diagonal) is emptied, the conveyor
moves forward until the stack reaches
the unloading position.

The robot routinely ‘scans’ the theo-
retical positions depending on the type
of product. It uses
the Keyence sensors
to detect products
and correct its pick-
up position accord-
ingly. If no products
are detected, the
robot moves to a dif-
ferent stack. It also
uses the sensors to
correct its X- and
Z-axes. To compen-
sate for dispersion
along the robot’s
Y-axis, the robot’s
tool is fitted with a
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homing cylinder for each type of dialy-
ser. The maximum height and slope of
the stacks are always the same for the
same type of product. However, these
stacks may be uneven.

Ultimately, Fresenius Medical Care
SMAD chose the LJ-G080 sensor by
Keyence. Its wuser-friendly setting
menu is meant to allow experienced
and novice users to configure settings
easily and quickly. The setting support
software (LJ-HIW) supplied with the
device is designed to make it easy to
save and analyze data with a PC. Con-
figuration is also made easy by several
adjustment functions.

The position adjustment function is
designed to provide stable measure-
ments even when targets are not per-
fectly arranged or positioned. The tilt
correction function simplifies installa-
tion of the sensor head and eliminates
measurement errors. A number of
functions make measurements to the
surface properties of targets.

“We also place very high demands
on the robustness and reliability of
equipment,” said Ifri.

The LJ-G sensor offers repeatability
of 1 micron along the Z-axis and 10 mi-
crons along the X-axis. It is protected
inside an IP67 housing and withstands
vibrations (tested from 10 to 55Hz,
with an amplitude of 1.5mm, for two
hours along X, Y and Z). It weighs 350
g and has a detection range of 80 mm.

For more information:
Phone: (888) 539-3623
www.keyence.com
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Haydon Kerk WGS
Integrated Screw/Slide
System

DESIGNED FOR STABILITY AND SPEED

Haydon Kerk Motion Solutions recently added the WGS (Wide
Guide Screw) to its linear slide product line. Made from the
same components used in the RGS Linear Rail Series, the WGS
Linear Slide utilizes a screw-driven carriage designed to offer
continuous linear speed while maintaining accurate position-
ing. The length and speed of the WGS are not limited by critical
screw speed, allowing high RPM, linear
speed and long stroke lengths.

The WGS slide has a compact profile
meant to provide improved torsional
stiffness and stability versus Haydon
Kerk’s existing RGS and RGW slide
products. An integral mounting base
can provide support over the entire
length, which can extend up to 8 feet
(2.4 meters). Longer lengths are avail-
able on a special order basis.

Standard leads include 0.100-in,
0.200-in, 0.500-in and 1.00-in (2.54,
5.08, 12.7 and 25.4 mm) travel per rev-
olution. There are short leads for non-
backdriving vertical applications as
well as longer leads capable of speeds
of more than 60 inches per second (1.5
meters per second).

The WGS utilizes sliding plane bear-
ings on a low-profile aluminum guide
rail that keeps the motion smooth
throughout the travel distance. The
lead-screw is precision made of high-
quality stainless steel.

All moving surfaces include Kerkite
high-performance polymers running and module 12 much faster
on a Kerkote TFE coating. The slides and more efficiently than form
come with wear-compensating, anti- grinding.
backlash driven carriages. Additional
driven or passive carriages can be add-
ed, along with application specific cus-
tomization. Linear guides without the
drive screw also are available.

Time is money. With our
new high speed, high accuracy
continuous generating grinding
capability using multi-thread

large as 1200 mm in diameter

We’re more flexible too, with
the same new platform offering

and on-board dressing and
For more information: inspection.
Phone: (800) 243-2715 o
www.haydonkerk.com We also excel at grinding gears

as small as 2.00" in diameter.

wheels, we'’re grinding gears as

rough and finish profile grinding

B ’} d/?
Ready to Excel? EXCEL

Contact: GEAR, INC.

DRIVEN BY EXCEL-LENCE

815.623.3414 / www.excelgear.com

SEPTEMBER 2015 Power Transmission Engineering 15



FEATURE

The Cult of the
Maintenance Evangelist

Joel Leonard is out to solve the maintenance crisis

one sermon at a time

Erik Schmidt, Assistant Editor

A man stands at a proverbial
pulpit, dressed like a compa-
ny executive but speaking like
a fire and brimstone southern
preacher.

Words shoot out of his mouth in
rapid succession, powered by a heart-
felt purpose and doused with an inde-
terminate southern twang— it’s North
Carolinian by way of California with a
little Chicago edge thrown in for good
measure. The syllables sway, bouncing
up and down in a hypnotic, rhythmic
cadence, daring you not to listen.

“Hello, I'm Joel Leonard,” he says,
“They call me the maintenance evan-
gelist”

A hearty smile spreads across Leon-
ard’s face as he begins to preach, a
sign of good fortune that belies the
truth. Sure enough, as the sermon
takes shape, the smile slowly fades
into a solemn glower. Leonard gesticu-
lates powerfully with his left hand and
pounds out a series of bone crunching
questions:

“What are we gonna do when the
baby boomers retire? What are we gon-
na do when 35% of our skilled work-
ers are no longer available? What are
we gonna do when we have all these
activities we need to do to perform
maintenance but we don’t have the
resources or the capacity to deliver?
What are we gonna do when we realize
our machines and our equipment are
beyond repair because we deferred it
for so long?”

We face a maintenance crisis, he
says. And that’s the unfortunate Gos-
pel truth.

But then his eyes soften at the creas-
es, his fist becomes an open hand, and
the questions give way to real, tangible
answers.

“I really believe that if the United

States became the reliability nation,
and we build a surplus of skilled main-
tenance technicians and we have
a ready resource 365 days a year to
help us address our chronic problem,
we will be able to not just compete in
the global economy, we will actually
thrive. “
Welcome to the Revival.

The Game Changer
Over the past 25 years, Leonard’s busi-
ness card has been in a constant state
of upheaval.

Since graduating from Elon Univer-
sity in 1987, he’s held dozens of differ-
ent of job titles. At various points he’s
been an editor, an author, an advisor, a
consultant, a supporter and a commu-
nity developer.

Of course, only one name has truly
stayed with him after all this time.

“I was doing these workshops on
how to turn maintenance from a cost
center into a profit center,’ Leonard
says, “and there was a professor from
the University of Tennessee who at-
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: J
/ pose with his "Game Changer Award" during a
) 4. Greensboro Grasshoppers game.

s A

oel Leonard (left) and his nephew Baker Leonard

tended this conference. He said that I
was the first speaker he ever heard talk
about maintenance that didn’t put him
to sleep.

“He said I talked with such energy
and passion that I was the mainte-
nance evangelist. I've been called oth-
er things, but that one stuck”

It's certainly a strange name at first
glance, like two random words were
pulled out of a hat and thrown togeth-
er in sequential order. But despite the
oddity of the title, there is no doubt
that Leonard absolutely is one.

A broad shouldered, barrel chested
southern transplant with faith in his
heart and the fear of God in his voice,
itwould appear that Leonard was fated
for this kind of work. But actually, he
happened upon it by accident.

“I'kind of fell my way into it,” he says.
“I started off going to orthodontistry
school at the University of North Caro-
lina. I got sidetracked and wound up
transferring to Elon to get a degree in
business and marketing. In order to
pay my way there I ended up getting
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a job at a furniture factory at night. I
worked on the machines and then they
hired me as an industrial technician to
work in the engineering department.

“They made me do every job in the
factory. So I went from working with
the wood to the saws to the shaping de-
partment to the assembly department
to the finishing department, where
they put on the lacquer, to the shipping
department. I did that for about two
years.

“While I was there, they assigned me
to kind of tag along with the most in-
teresting guy and the most hated guy
there, whose name was on the loud
speaker every ten minutes — the main-
tenance guy. The maintenance guy was
responsible for keeping the water, the
electricity, the power, all the machines,
the whole facility running.

“It was very interesting to see all the
things he did and I developed a great
respect for him, although I didn’t see
anyone have respect for him because
anytime a machine wasn’t running
and he wanted to take it down to fix it
everyone would be chewing him out
because they didn’t want to lose their
production counts.

“But I got a big dose of appreciation
and respect for maintenance there.”

In the fall of 1990, Leonard started
work as a business developer at DPSI.
He developed marketing and sales
strategies to implement computerized
maintenance management systems for
major corporations, including Procter
and Gamble, Burlington Industries
and Coca-Cola.

For the next decade Leonard
bounced around the maintenance in-
dustry, and during that time he began
speaking at events for the Association
of Facilities Engineering (AFE) —a de-
cision that would ultimately push him
towards developing the maintenance
evangelist persona he still maintains
today.

And it was at one of these speaking
events that Leonard finally got his big
break in the world of maintenance.

It was because of—and this is no
metaphor or verbal trickery — “Ameri-
can Idol” and a bunch of crazy kids.

Seriously.

“In 2002, I attended a conference in
Nashville, TN,” Leonard says. “At this

conference, the editor of Maintenance
Technology Magazine got up before the
crowd and asked, ‘How many of you
are going to retire in the next 10 years?’
Over 90% of the audience raised their
hand. These were people from Coors
and Coca-Cola and other major corpo-
rations from around the country. These
were the best of the best.

“It kind of woke me up. To see
roughly 500 people of 600 raise their
hands really hit me hard. That literally
changed my life. From then on, I ad-

opted the problem of building the next
generation of skilled technicians as my
life’s chore.

“That was a big, momentous oc-
casion, because that evening after I
heard that I went outside to stretch my
legs even though it was 30 degrees out,
and standing outside were 5,000 kids
trying to get on ‘American Idol’ I real-
ized that there were no kids [pursuing
technical careers], but they were will-
ing to sit in the cold air and try to sing.
That evening a buddy and I were sitting

1.800.255.4773

PRECISELY.

NSK NH/NS Series Linear Guides

NSK NH/NS Series Linear Guides are innovatively designed for reliable performance
over a wide variety of applications. They feature new ball groove geometry and
state-of-the-art technologies for smooth operation, reduced noise and increased
durability in high-load, high-speed environments. NSK NH/NS Series Linear Guides
offer outstanding accuracy and load absorption, decreasing maintenance costs,
increasing operating life and maximizing precision precisely.

www.nskamericas.com

NSK

Think NSK.

BALL BEARINGS | ROLLER BEARINGS | LINEAR MOTION PRODUCTS | TECHNICAL SERVICES
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DieQua offers
more gearboxes

plus the experience and expertise to
select the best one for your needs.

— For Power Transmission —
Spiral Bevel Gearboxes

* 9 Sizes

© 1-250 HP Capacity

* Low Backlash Option
* Ratios from 1:1 to 6:1
© Qutput Shaft Options

* Machined Housings

® 7 sizes, 28-110mm CD
o Fret-free Connection

* NEMA or IEC Adapters
© Coupling Input

© Aluminum Housings

* 2-Side Worm Support

Helical Gearmotors

 1-75 HP Capacity

© Motorized or Adapters
 Right Angle or Inline
 Shaft Mount Designs
* Multi-Stage Ratios

© Modular Design

—— For Motion Control ——
Planetary Gearheads

e Precision or Economy
e Inline or Right Angle
® 40-155mm Frames
 Low Backlash

e 1 and 2 Stage Ratios
e Lubricated for Life

3 Backlash Levels

o Shafts or Hollow Bores
¢ Single or Dual Outputs
* 11 sizes, 25-200mm CD
e Capacity: 10-7000 Nm
© 20,000 Hour Ratings

Robot Gear Units

Ve e Zero Backlash

* Precise Positioning
¢ High Repeatability
o High Stiffness

e Supports Tilting
10 Sizes

See our complete
[ N P Y\ product line!

e SN [

www.diequa.com

630-980-1133 [m]=eF

THE CULT OF THE MAINTENANCE EVANGELIST]

around a table in Nashville and I said,
‘Wait a minute, getting engineers to
tell more engineers that we need more
engineers is not going to generate the
response that we need

“I said, ‘What we really need to do is
write a song. Then [my friend] said the
magic words that really got me going:
He said I couldn’t do it”

WEell, it turns out that Leonard could

do it. He called up some musicians
and 10,000 YouTube hits and nine dif-
ferent versions later, the maintenance
evangelist had his own personal theme
music.

Wherever Leonard goes, the aptly
named — if a bit on-the-nose — “Main-
tenance Crisis Song” booms behind
him, succinctly summarizing his mis-
sion statement with a bluegrass, toe-

-l N &
According to Leonard,
completely automated
machines like this modern
sock machine are one of the
main reasons maintenance
personnel are so important.

........
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For Related Articles Search

maintenance

at www.powertransmission.com

Made for Motion

tapping chorus.

No one wants to work in the boiler
rooms

No one wants to work with the tools

Nation’s youth are takin’ the easy way
out

There’s no one left to fix our schools

Maintenance technicians are about
to retire

Company executives have got no one
to hire

How safe does it make you feel?

“That song really helped me propel

my message forward,” Leonard says. “If SYNTEX® BoWex® GT ROTEX®
I wrote a book, nobody would read it. Torque Limiter Coupling Curved Jaw Coupling
I've written thousands of articles —lit-
erally—and that gets some momen- e * One-stop shopping for
tum. But the song has just been amaz- Power Transmission Power NSl R e
tum. g ) Solutiohe = Quality, reliability &
mg. compact design

The “Maintenance Crisis Song” has * Online selection tools
been played before Congress, at the

. KTR Corporation

Rock and Roll Hall of Fame, and in e
dozens of countries around the world, www.kir.com

including Helsinki and Milan. It is, in
a way, Leonard’s universal communi-

cation device in his hopes of solving a B 9
wordvide problem. Urious anout GOuers:

“The problems of maintenance are

universal” Leonard says. “We may AS |< our e ng| Nneer. ‘

have different cultures and different
languages but the same challenges asktheengineer@diamondchain.com
face everybody. Regardless of where
we're at, we're facing the same issues
worldwide.”

In the wake of the success of the
“Maintenance Crisis Song’, Leonard
wrote other tracks, including “Find Me
a Maintenance Woman’, which fea-
tures this memorable line:

You can have your Britney Spears

Find me a woman who can work
with gears.

It’s all part of Leonard’s grand plan
to make maintenance more accessible
and “sexy” to the nation’s youth.

“I've been trying my best to break
down stereotypes and stigmas and get
businesses to hire based on perfor-
mance,” Leonard says.

Currently, Leonard works for The
Forge in Greensboro, NC, where he is ©2015 The Diamond Chain Company. DCPTE-415
attempting to generate a higher level www.diamondchain.com | 1-800-872-4246

Diamond, the Diamond Chain logo, and “Nothing Outlasts a Diamond”

of skills and talent in the area. For his are trademarks of Diamond Chain Company, Inc. NOTHING OUTLASTS A DIAMOND
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Quality For Heavy Duty

e 20 years in the North
American marketplace

e Proven Quality “"Made in EU”

e Large diameter bearings up
to 95" O.D.

Roller Bearings

High Precision Machine
Tool Bearings

PSL of America

1400 South Chillicothe Road
Aurora, Ohio 44202

Phone: 330-405-1888

Fax: 330-405-1398
sales@pslamerica.com
www.pslofamerica.com
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efforts, he was awarded “The Game
Changer Award” by the city. Leonard
received the award in front of a sellout
crowd during a Greensboro Grasshop-
pers game (Class A affiliate of the Mi-
ami Marlins).

“It's kind of funny, I've gone my
whole career helping maintenance
guys and technicians and to show their
appreciation for it they gave me a base-
ball bat,” Leonard says. “People still
know me as the maintenance evan-
gelist, but I like this new title ‘game
changer! That’s what the people [in
Greensboro] know me as.

“They’re using it to get me more re-
sources by saying ‘He’s a certified game
changer, he got named thatin front ofa
whole baseball stadium”’

The Gateway Drug
Leonard is pounding his pulpit in
Greensboro.

He’s trying his damnedest to get the
folks of central North Carolina (and
beyond) to see his vision — that main-
tenance isn’t just a cost sink, but in ac-
tuality, a way to make a lot of money.

“I'like the idea that people are finally
realizing that maintenance is actually
a profit contributor,” Leonard says. “If
any area built a surplus of skilled tech-
nicians they would have a huge eco-
nomic advantage. No area is trying to
do that, and that’s what I'm trying to
get [Greensboro] to adopt”

According to Leonard, one of the key
ways to accomplish this is by getting
college kids hooked on drugs.

No, it’s not what you think.

“3-D printing is the gateway drug to
manufacturing,” Leonard says. “When
the kids learn how to use a 3-D printer
they also learn quickly because they
have to take care of it. If they don’t, it'll
break and fall apart and they have to
do maintenance.

“The kids love 3-D printing and that’s
a great hook to get them interested in
working on other machines and the
whole world of manufacturing”

One of the other main issues of
maintenance today is trying to get
companies to see the big picture.

“We still have to get companies to
look long term,” Leonard says. “So
many companies are focused on short
term outputs that they don’t look at
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maintenance as an investment. As are-
sult they shortchange their entire busi-
ness capabilities. We have to continue
to upsell maintenance.”

For example, when Leonard was
in Dubai he encountered a man who
had a $14 million paint budget for all
the drill systems in the Persian Gulf
that his company was trying to cut out.
Leonard informed him that if they went
through with it, all the pipes would rust
within three years opposed to 15 years.

That’s where Leonard has provided
his most value to the maintenance
community —not with his passionate
speeches or catchy tunes—though
that surely has gone a long way in es-
tablishing his footprint—but with his
ability to see beyond the dollar signs
that can cloud people’s judgement.

“Seeing what [Leonard has done at
The Forge] in just a year and a half is
amazing,” said Dan St. Louis, director
of the manufacturing solutions cen-
ter in Conover. “I never would have
dreamed when he showed me the ini-
tial plans that all this stuff would be
happening. It's a tough area of town
and now there are all kinds of things
going on. It’s not smoke and mirrors.

“He understands what manufactur-
ers need. He’s down in the trenches
and a lot of times folks look at it from
a high level and say, ‘Oh, we just need
more engineers. Joel understands that
we need technical people. He under-
stands this from the ground floor”

Leonard, despite his now inseparable
moniker, said he’s a religious person
who prefers not to talk about it out in the
open. When pressed, he said his religion
was simply “to make things better”.

Well, he’s toured the world, his song
sweetening the air around him, and
he’s slowly built a devoted follow-
ing—a cult of people who believe that
his ideologies on maintenance are
dogmatic truths. For 25 years he’s done
this, and any person of faith would
have to believe that the maintenance
evangelist’s mission isn’t over just yet.

“If more could join this cult,” Leon-
ard says, “our machines would be
more reliable, businesses would be-
come sustainable, our economy would
be stronger and our technical skills gap
would be solved.” PTE
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Ningbo Zhongyi Hydraulic Motor Co, Ltd was found in 1971, which is the high tech mfg.
expert of orbital motors, steering control units, transmission and mobile motors. At
present we have two manufacturing bases, one is in Ningbo city covering an area of
44,000 square meters, the other one is in Wuhu city with an area of 80,000 square meters.
Our manufacturing workshop meets the international standards and the manufacture and
test equipments are leading technologically home and abroad. The staffs of Zhongyi will

creat first class products, services and brand hands in hands with you.
For:more information, pls visit www.zihyd.com . z '::E'
Email: sales@zihyd.com or Linda@zihyd.com
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| Pushing the Envelope(s)

\
i

Foresight and early warnings keep Encore

Envelopes in the game

With advances in modern
technology reducing demand
for envelopes, manufactur-
ers are finding it increasingly
hard to justify investment.
Matters became more complicated for
Encore Envelopes when they were no-
tified that their production line was at
risk due to spares becoming obsolete. It
was imperative that a strategy be put in
place that would minimize machinery
downtime and potential lost earnings.
Encore Envelopes is the largest in-
dependent manufacturer of printed
envelopes in the UK, operating 15 pro-
duction lines printing up to 85 million
envelopes per week. With 12 months
remaining on the ten year service sup-
port guarantee of its Diax03 drives,
Bosch Rexroth contacted the company
to advise that with spares becoming
obsolete, the maintenance and service
of its drives could not be fully support-
ed and production would be at risk.
“We are fully aware that investment
in maintenance repair and overhaul
(MRO) services for any production
line can become very costly if unex-

pected,’ says
Andrew Smith,
service consul-
tant at Bosch
Rexroth. “This is
why we make it a
priority to notify
manufacturers
as soon as a risk
is identified, so
that we can help
them upgrade
machinery over
time and avoid a
sharp and unexpected impact on pro-
duction”

To minimize machinery downtime,
a strategy was put in place to allow En-
core Envelopes to retrofit a significant
number of their envelope production
lines with new drive technology. En-
core chose the Rexroth IndraDrive for
its versatility, compactness and multi-
protocol support offering.

Commenting on the process, David
English, electrical engineering man-
ager at Encore Envelopes, said: “Taking
Andrew’s advice on board, I took one
of the units out of pro-
duction and, upon re-
ceipt of the IndraDrive
system, upgraded the
machine. Not only did
this give me a machine
with better operat-
ing capabilities, it also
freed up spare parts for
the remaining units,
boosting our stock
levels which were at a
critical level.

|| Control panel after IndraDrive retrofit
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First fully refurbished and retrofitted envelope printing machine

“In addition, it was vitally impor-
tant that the motion controller of the
IndraDrive system be fully integrated
with our current operational interface.
Following consultation with Bosch
Rexroth, we decided that the best
course of action would be to install
a Programmable Process Controller
(PPQ) as it utilized the same operating
software as the Diax03. This ensured
communications and protocols were
easier and quicker to implement whilst
keeping the time the machine was out
of production down to a minimum.”

David concludes: “Through the help
of Bosch Rexroth, we knew 12 months
ahead of anyone else in the industry
that our envelope machines needed
to be upgraded, which allowed us the
necessary time to form a strategy to
refurbish our equipment whilst main-
taining full operational levels. Due to
the success of the initial refurbishment,
we have now finished the upgrade of
our second machine and plans are in
place to refurbish the remaining fleet
over the coming months.” PTE
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level of precision. All Arrow stock spiral bevel gears are produced
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NOT YOUR AVERAGE and high quality assurance.
STOCK GEARS ~ What's not unusual is the many ways our

ot customers use them. Whether they need to

SPIR, 1 i i i i
m.u‘é,.f,;";‘, : speed prototyping, improve lead time or find

a cost-effective alternative for low production
volumes, our stock gear program gets them
there faster — at a lower cost.

See it in your results.
Download our Stock Gear Catalog at
arrowgear.com/catalog

2301 CURTISS STREET, DOWNERS GROVE, IL 60515 | 630-969-7640 | ARROWGEAR.COM




FEATURE

Gear Expo 2015: Gears Galore!

You'll see more gear exhibitors in the Motor City than ever before

Jack McGuinn, Senior Editor

You may well have already
read the following Gear Expo
description on the AGMA
Website. But we figure it took a lot of
years, people, and hard work to make
these words reality—so they bear re-
peating. And besides, they describe the
event perfectly:

“Gear Expo is the only trade show
dedicated to the complete gear man-
ufacturing process, and is one of the
world’s most affordable machinery
shows for exhibitors.

“Gear Expo is a biennial event and
the world’s only conference and expo
designed exclusively for the gear in-
dustry.

“For three days gear buyers and
manufacturers network and build rela-
tionships that benefit their respective
companies. Attendees see first-hand
the latest technology on the market
and discuss trends in the industry
with experts. Exhibitors have the op-
portunity to meet face-to-face with at-
tendees and other exhibitors and will
display more than 750,000 pounds of
machinery on the show floor.

“Thousands of professionals from
around the United States, internation-
al manufacturing hubs, and emerging
markets conduct profitable business
transactions and collaborate on the in-
novations that make their operations
more streamlined.

“Once again the ASM Heat Treating
Society Conference & Exposition is
co-locating with Gear Expo 2015. That
means more access to more exhibitors
and attendees, and emerging technol-
ogies and trends impacting the gear
industry.”

Enough said. Now, it's on with the
show.

While things are improving, it is ex-
ceedingly premature to say the Motor
City is back.

But Gear Expo is—and that's a
fact—back in Detroit.

Yes indeed, the American Gear Man-
ufacturers Association’s premier event
returns to Motown for the first time
since 2007. And Gear Expo 2015 (Oct.
20-22, Cobo Hall) and Fall Technical
Meeting (Oct. 20-22) promise to not
disappoint; consider that in 2013 Gear
Expo was recognized by Trade Show
Executive magazine as one the 50 fast-
est-growing shows. This year’s event
is sub-headed “The Drive Technology
Show”; but really — “Gear Expo” nails
it—there are more gearmakers (60+)
exhibiting this year; that is more than
at any previous show (gear-buyers’
spoiler alert: but we don’t see that af-
fecting pricing).

We couldn’t talk to all of them, so we
zeroed in on a few exhibitors —some
long-time, some not so long. We
touched on a number of issues. De-
pending on busy pre-show schedules,
some had more to say than others, so
we've attempted to include that which
is of most interest to readers.

Excel Gear (Booth 1619)

N.K. (Chinn) Chinnusamy, President

Can you tell us more about your new
bevel gear software design package?

Was it a goal to have it ready for roll-
out at Gear Expo?
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“Most software packages available
in the market do not include bevel
gears. There are significant differences
in how bevel gears are manufactured.
The Gleason, Klingelnberg, and Oer-
likon systems are for spiral bevel gears.
Our software is for the Gleason system
only. Mating bevel gears must be man-
ufactured to the same system, i.e.—a
Gleason pinion cannot be matched
to a Klingelnberg gear, and vice versa.
Bevel gears are manufactured in sets
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(i.e.— pinion is matched to gear) and
cannot be interchanged from one set
to another unless the gears are manu-
factured to a master. A recent develop-
ment in machines is that they can cut
universal bevel gears, eliminating the
matched set requirement; but most
bevel gear job shops do not have that
capability. Still, one system cannot be
matched to the other like spur or heli-
cal gears.

“Bevel gear capacity calculations are
very complex and there are no stan-
dards, except AGMA; but even AGMA
standards are not fully understood
or followed by most designers. Yes, it
was our intension to roll out the bevel
gear software at the Gear Expo. Our
software will help designers to design,
analyze, and create one-page-gear di-
mension data for bevel gears like spur
or helical gears.”

Rave Gears and Machining LLC
(Booth 1339)

“Rave will be introducing its Gen3
line of spiral bevel gears which also
has the option of adding our Ravecoat.
The coat that covers the teeth improves
efficiency and durability of the gear,’
says Diana Martinez, contract admin-
istrator.

KISSsoft AG (Booth 1830)
“We will be highlighting the newest
release of KISSsoft, Version 03-2015,
says Stefan Beermann, KISSsoft CEO

and partner. “Looking back, Gear Expo
was always a chance to show new fea-
tures to our customers in a hands-on
way, discussing pros and cons while
demonstrating the software directly in
the booth. This is typically not a one-
way road; we also learn a lot from the
feedback or our customers. Since Dr.
Kissling, the ‘brain’ behind the soft-
ware is present, this is a perfect oppor-
tunity.

“The new release of KISSsoft has
several new features that will be dem-

onstrated,” says Beermann. “Why?
Our customers have made request for
added functionality and KISSsoft has
responded. New features are added
standards, like the AGMA 6001/6101
shaft calculation, or some Russian
GOST standards for spur and helical
gears. The contact analysis for plane-
tary gearsets now determines the load
distribution on the gear flanks taking
the results of finite element calcula-
tions of the planet carrier into account;
for this we included an open-source FE

www.circlegear.com
Circle Gear and Machine

1501 South 55th Ct. » Cicero, IL 60804
Ph: 708-652-1000 - Fax: 708-652-1100

« Luren LFG-8040 Verticle Gear Profile Grinder
* Gleason 463 spiral/hypoid gear tooth grinder

FACILITY
» Purchased 77,000 sq ft building, expanding
to 122,000 sq ft

STRATEGIC PLANS
+ Continued growth in spiral bevel/hypoid
marketplace
» Expand gearbox service and overhaul
business

GEARBOX
REPAIR
SPECIALISTS

Quality Reducer Service
1501 South 55th Ct. m Cicero, IL 60804
708-354-8080 | FAX: 708-652-1133

k- QJUALITY
REDUCER WE SERVICE ALL TYPES OF INDUSTRIAL GEARBOXES
ERVICE]

www.qualityreducer.com
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Nordex

INCORPORATED

Turnkey solutions with a higher
level of intelligence utilizing the
latest technologies

WWW.NORDEX.COM
sales@nordex.com

Phone: (800) 243-0986
Or Call: (203) 775-4877

THE PERFECT
GEARED-ASSEMBLY

For your Medical, Laboratory,
Instrument, Robotics, Semi-
Conductor, Automation or other
Precision application

CusTtom SoLuTIONS

Fully integrated, turnkey solutions
including manufacturing,
engineering, assembly, testing and
custom machining

Stock SoLuTIONS

Choose from over 31,000 standard
components, including bearings,
belts, couplings, fasteners, gears,
gearboxes, linear motion, racks,
sprockets, worms and more

QuaLITy SoLUTIONS

Sivce 1960
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core into the installation. And we can
now read in a full stiffness matrix form
various FE programs to model the re-
silience of the housing of a gearbox. In
addition, the determination of critical
speeds on a system level is now avail-
able. And, of course, many other more
specific improvements.”

Gleason Corp. (Booth 1017)
Gleason is a leading source of educa-
tion for gear technology and it will be
promoting its customer training class-
es that offer a full range of courses and
education forums, ranging from the
beginner to the most advanced user
covering all aspects of gear design,
production and inspection.

Offering plastic gear design and in-
jection molded plastic gears, includ-
ing helical gears, spur gears, planetary
gears and internal gears, Gleason plas-
tic gears provide customers with the
benefit of a plastic gear with no weld-
line for a stronger, more accurate and
economical drivetrain — eliminating
the additional expense of secondary
machining. Gleason will display some
of its most recent innovations and have
experts available to answer any plastic
gear-related question.

EXSYS Tool, Inc. (Booth 1731)
Florida-based EXSYS Tool, Inc. will
showcase its new line of Eppinger
gearboxes and custom gear-making
services for a wide variety of industries.
EXSYS, known as the North American
supplier of high-precision, German-
made Eppinger live and fixed tool-
holders, as well as modular adapter
systems —both for CNC turning cen-
ters —just recently expanded its line of
productivity-enhancing systems into
the gear sector. Therefore Gear Expo

attendees can now enjoy some person-
al time with the latest Eppinger spiral
bevel-, planetary-, planetary-bevel-,
hypoid- and cycloid-type gearboxes.
They can also learn how to acquire
specialty, custom-made gears pro-
duced to their specifications.

EXSYS Gearbox Types

Spiral bevel. BT (bevel torque) and
BM (bevel maximum torque) compact
spiral bevel gears bring high torque
and maximum efficiency to gear ap-
plications that require a high degree of
reliability and variability. Each of these
bevel gearbox types offers minimized
tooth clearance and optimal transmis-
sion properties via precision axes and
bearing seats, combined with Gleason
bevel gears that can withstand high
loads. The single-component steel
housings for these bevel gearboxes
feature mounting threads on all sides
to ensure stable attachment in a vari-
ety of installation positions. The heavy-
duty bevel gears inside these hous-
ings offer high transmission precision
and reduced stress on the bearings. A
friction-locked, zero backlash connec-
tion of the crown gears on the drive
shaft reduces the mass of the gearing
component. Both BT and BM gear-
boxes come in solid or hollow shafts, in
standard and custom designs. BT-type
models are available in seven sizes
with a transmission ratio of i=1:1 to
5:1, while BM-type models are avail-
able in five sizes with a ratio of i=1:1.

Planetary. PE (planetary eco) and
PP (planetary precision) planetary
gearboxes are for applications that re-
quire low backlash, high efficiency,
shock resistance and a high-torque-
to-weight ratio. With a modular de-
sign that combines ground gears and
precision gear com-
ponents, these gear-
boxes ensure perfor-
mance efficiency and
maximum  uptime.
They are also energy-
efficient and easily
mount to a variety of
motors. The present
range of planetary
gearboxes compris-
es five sizes, with
each size offered as
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a single- dual-, or triple-stage design.
Each gearbox variant is also available
as a precision design with reduced
backlash. The wide range of sizes and
designs allows users to achieve over-
all transmission ratios from i=3:1 to
i=512:1 in a variety of applications.

Bevel planetary. BP (bevel plan-
etary) gearboxes combine features of
the company’s BT (bevel torque) series
bevel gearboxes with the pre-stages
of its PE (planetary eco) planetary
gearboxes, creating an innovative so-
lution for various applications. The
stable housing design and hardened,
super-finished gear components of
these gearboxes help ensure smooth
running and constant backlash con-
trol. These planetary bevel gearboxes
are efficient and achieve high-output
torque and extremely high transmis-
sion ratios up to i=320. Currently of-
fered in eight sizes, the planetary bevel
gearboxes easily mount to a wide range
of motors.

Hypoid. The Eppinger HT-type hy-
poid gearboxes feature a compact, ro-
bust design suitable for both specific
and highly dynamic applications. With
a specially developed, aluminum mo-
no-bloc housing with high-precision
bearing seats and an integrated input
shank, each hypoid gearbox provides
unmatched stability, accuracy and ef-
ficiency. These hypoid gearboxes eas-
ily connect to a variety of servo motors.
With solid steel alloy and hollow shafts
for shrink disc connection, users can
install these gearboxes in various posi-
tions with a choice of the output side.
Currently, the gearboxes are available
in four sizes in the ratio range, from
i=5:1toi=15:1.

Cycloidal. To round out its product
portfolio, Eppinger develops and man-
ufactures cycloidal gearboxes. These
compact, high-transmission gear-
boxes are an excellent choice for tool
machinery, automation and robotics.
With integrated support bearings and
a high-overload capacity, they excel in
applications that require the utmost
stiffness, performance and efficiency.

The cycloidal gearboxes are available
in six sizes—with ratio ranges from
i=57:1 to i=175:1 —and in solid and
hollow shaft designs. They can also be
adapted to meet specific customer re-

quirements.

Custom gear manufacturing. In
terms of custom gear-making servic-
es, Eppinger is virtually without lim-
its. They can for example develop and
manufacture crown gear diameters
ranging from 0.4 mm to 330 mm — de-
pending on the transmission ratio. Ex-
amples include professional-quality,
high-performance bevel gearboxes, as
well as ring and pinion gearsets. Gear
customers include Mercedes, Bugatti
and Airbus.

The company uses modern Glea-
son milling and grinding centers to
machine its gears from a wide variety
of workpiece materials. Gleason and
Zeiss measuring machines, along with
Gleason test equipment, ensure each
gear complies with the quality require-
ments of DIN 3965 and the Ameri-
can Gear Manufacturers Association
(AGMA) at all times.

~

SOW DO | KNOW
= 1I'™M TALKING TO
AN ENGINEER OR
A SALESMANTY

Ask Smalley. It's simple to tell
when you work with Smalley. That's
because you'll always collaborate
directly with our world-class team
of engineers—experts whose only
focus is helping you get the most
performance from your precision
wave springs or retaining rings.

Smalley
Wave Spring

Coil Spring

Smalley wave springs reduce spring
operating height by 50%, saving space
and weight, fitting tight radial and axial
spaces. We offer more than 4,000

stock sizes in carbon and stainless steel.

Visit smalley.com for your
no-charge test samples.

&) SMALLEY

THE ENGINEER’S CHOICE™
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Estahlished,
Tested,
& Trusted.

_,O /= brevimi

qgear

Using technology & innovation
to meet your needs — now and
into the future.

Brevini Gear:

Offers innovative solutions to complex
geartrain challenges with state-of-the-art
technologies in engineering, manufacturing
and validation.

Focuses only on large, high-precision gears
and gear related components.

Commits to meeting your technical, quality
and delivery requirements for R&D, quality
assurance, serial production or remanufac-
turing at a competitive price.

The Brevini Advantage

* AGMA Quality Level: 2015-1-A01
Grade 3

+ Helical and spur gear capability:
12" (305 mm) to 68.10” (1730 mm)

* Helical and spur ring gear
capability: 24" (600 mm) to 94.49”
(2400 mm) OD

* In-house deep case, carburizing

* Design, assembly, and gear/gearbox
validation

Brevini Gear

2400 N. Priority Way
Yorktown, IN 47396
765-759-2128
info@brevinigear.com

brevinigear.com
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Final
Thoughts
We close with

some exhibi-
tor observations
about the value of
the show.

Says Wendy
Young, Presi-
dent/COO, Forest
City Gear (Booth
1826): “We get
leads and some

are brought to fru-
ition. We do have
exposure to an enormous amount of
networking, and that is very valuable
in itself”

Offers Dan Kondritz, General Man-
ager, KISSsoft USA: “Yes, (Gear Expo)
always had (been good) — for KISSsoft,
at least. We get a chance to meet face-
to-face — something that is hard to put
a dollar figure against.”

(Rave Gear’s) Martinez: “The costs of
attending Gear Expo are justified be-
cause it’s the place to meet individuals
from the aerospace to automotive in-
dustries that require our services. And
the best part of it is everyone is under
one roof. This is the perfect opportu-
nity for any company in this industry
to get their name out there”

And from Kerry Klein, Arrow Gear
(Booth 1626) Vice President, sales
and marketing, “Certainly (the show
is worth the expense)! Arrow Gear has
long been a supporter of Gear Expo
and will continue to support the in-
dustry. We feel that it is important to
have a forum where all companies in
the industry can display their products
and gather together to share ideas and
business experiences.” PTE

gears P
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For more information:
Arrow Gear

2301 Curtiss Street

Downers Grove, IL 60515 USA
Phone: (630) 969-7640

Fax: (630) 969-0253
arrowgear.com

Excel Gear, Inc.

11865 Main Street
Roscoe, IL 61073

Phone: (815) 623-3414
Fax: (815) 623-3314
quotations@excelgear.com

EXCYS Tool, Inc.

11654 Corporate Lake Blvd.

San Antonio, Florida 33576

Phone: (800) 397-9748; (352) 588-4345
Fax: (352) 588-4821

excys-tool.com

Forest City Gear

11715 Main Street
Roscoe, IL 61073
Phone: (815) 623-2168
Fax (815) 623-6620
forestcitygear.com

Gleason Corporation

1000 University Avenue
P.0. Box 22970

Rochester, NY 14692-2970
Phone: (585) 473-1000
Fax: (585) 461-4348
gleason.com

KISSsoft AG
Rosengartenstrasse 4
8608 CH-Bubikon
Phone: +41 55 254 20 50
info@KISSsoft.AG

Rave Gears LLC

425 Strempel St

Seguin, TX 78155

Phone: (855) RAV GEAR; Local Direct: (830)
421-3295

Fax: (830) 421-3532

sales@ravegears.com
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Gear rack specialists
with state-of-the-art gear
rack production capabilities in-
cluding our most recent acquisition;
Gleason-Saikuni HR-2000 CNC rack milling
machine with hard-milling after heat treat ca-
: pabilities up to 65 Rc hardness (producing impressive
tooth finishes and accuracies comparable to rack grinding).

At Gear Expo we will happily demonstrate samples produced for
the most demanding of needs in aerospace, automation, off-highway
equipment, defense, energy, machine tool, medical and others.

e Custom gears in AMERICAN and  Hard-cut up to 65 Rc and soft-cut up
METRIC standards (3 D.P.- 72 D.P.,, to 40 Rc
10" Diameter) * 32" Face width and up to 288"

e Custom SPUR and HELICAL racks
from a variety of materials * Prototype & Production quantities

* Precision Quality up to AGMA 12 * Breakdown Service Available

* Unique Tooth Configurations * Reverse Engineering

lengths through resetting

* FINE and COARSE pitch (254 D.P. - Heat Treating & Plating
0.5 D.P.; 0.10 Module - 50 Module) Complete CNC Machining

630.766.2652

i,, 204 Ei fax: 630.766.3245

www.GEARACKS.com
365 Balm Court, Wood Dale, IL 60191

info@gearacks.com
VISIT US AT BOOTH #2117

Experience Custom Gears with Slx Star

AS9100 Aerospace Quality System
Certified Gear Manufacturer

ISO 9001: 2008+ AS9100C

P |
: 1 | | o \ EXHIBITOR ey
:’.},ﬂ b‘— 2 j 'l TG CRER . (RS T ' — y
Founded in 1975 by six brothers Six Star has 40 years of experience and is one of the top five
Precision Gear manufacturers in Taiwan. Six Star offers a wide range of industries, including
machine tools, aerospace, robotics, transportation, agricultural machinery and gear pumps.

ZEUE e

[=] : [YIEH CHEN|

Six Star Machinery Co., Ltd.
Yieh Chen Machinery Co., Ltd.
sales@yiehchen.com
www.yiehchen.com

VISIT US AT BOOTH #2134

NONSTANDARD
IS THE NEW STANDARD

Custom Engineered Bearings
to Fit Your Specific Needs

Shorter Lead Times
Small Production Runs
Innovative Designs
Advanced Materials
1SO9001:2008 & AS9100C
certified

We Know Custom Solutions

NES Bearings provides
custom engineered solutions
with shorter lead times and
small product runs for:

* Ball Bearings
¢ Cylindrical Roller Bearings
* Needle Roller Bearings

We offer aerospace grade
bearing solutions for
industrial applications using
unique materials, coatings,

and deSignS Made in the
with application B—
engineering D
support.

www.nesbearings.com ‘ 877-870-3200

& NES BEARINGS

VISIT US AT BOOTH #2428
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ORI GINAIL S WEDISH S TEETL COQ(QICIMALL

October 20 & 21, 2015

Come to booth #2030
during Gear Expo to get
your gear-related questions
answered, live and in-
person, by our panel of
experts:

GEAR GRINDING —Tuesday,
10/20 - 10:30 a.m.

CUTTING TOOLS — Tuesday,
10/20 —2:00 p.m.

GEAR DESIGN —Wednesday,
10/21—10:30 a.m.

ASK ANYTHING — Wednesday,
10/21—2:00 p.m.

DESIGNED & MANUFACTURED ONLY BY

FOR MORE INFORMATION ON ASP®,
ERASTEEL'S UNIQUE RANGE OF POWDER METALLURGY HIGH SPEED STEELS,
CONTACT: ERASTEEL INC, TOLL FREE (800) 365 1152

www.crasieci.com
VISIT US AT BOOTH #1445

Solutions to drive business & sustainability

=48
A) RomaxDESIGNER CONCEPT

Accelerate time to market
& improve product
quality with integrated
conceptual design
software.

The ultimate solution for any gearbox,
transmission & driveline design project,
from planning to manufacturing. The
core of a seamlessly integrated tool
chain.

CAD Dynamic

FUSION FUSION

Enhance the power of Reduce multibody model
RomaxDESIGNER & CONCEPT,; development time by extracting
seamless integration with CAD complex, user selectable

tools for improved work flow geartrain information directly
efficiency & enhanced product from RomaxDESIGNER.
development.

IVE

Visit us at booth #1402

-— . I : |
=8 PoMmax W: Www.romaxtech.com LN |
% o TECHNOLOGY e: sales@romaxtech.com EXHIBITOR

THE DRIVE TECHNDLDGY SHOW

ASK-THE-EXPERT

VISIT US AT BOOTH #1402
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Want more Power Transmission
Engineering? Go to
powertransmission.com for. .

« Monthly content spotllghts

« Free back issues and article
archive

+ Product and industry news
updated daily

. Excluswe.onlme contentin
our e-mail newsletters

+ Directory of mechanical
power transmission
suppliers

+ Calendar of upcoming events

Power Transmission
Engineering

GWi

TECHNOLOGY

G\A’echhplogy GmbH

~ Free-Form Milling of Gears

= Real 3D Geometry of
Cylindrical & Bevel Gears

= Tooth Contact Analysis
= Easy & Intuitive Interface
= CAD Output for CAM

= Software for Machine Elements &
Complete Gearboxes

= Individual Software Development
iy = Engineering & Consulting

GWIJ Technology GmbH i L )
a.q I I
Visit us at Booth #2047 |

EXHIBITOR
THE ORIVE TECHNOLOGY SHOW

www.gwj.de
info@gwj.de

VISIT US AT BOOTH #2047

PDE':;I‘:;!;:I‘;?SI&I?

"LMISRING
PIECE?

We’ve got you

covered! Go to
powertransmission.com
to see what you missed
in last month’s issue,
plus another eight
years of back issues,
industry and product
news, and more!

www.powertransmission.com
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Gear, Gear Drive and Power Transmission
Component Suppliers at Gear Expo 2015
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Power . .
Transmission
Engineering
Advertisers
Company Website Booth # Ad
A A Gear & Manufacturing WWwWw.aa-gear.com 1642
ABA-PGT Inc. www.abapgt.com 2007
ABB Inc. www.abb.com/robotics 1039
Affolter Technologies SA www.affelec.ch 1245
AGMA www.gearexpo.com 2330 p13
Ancon Gear & Instrument Corporation www.ancongear.com 2020
Arrow Gear Company www.arrowgear.com 1626 p23
Artec Machine Systems www.artec-machine.com 1719
Automation Controls & Engineering, LLC www.ace-automation.net 1642
Bevel Gears India Pvt. Ltd. www.bevelgearsindia.com 1401
Brelie Gear Co. www.breliegear.com 1720
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Gear Expo 2015 | |
October 20-22, |

Cobo Center, Detroit, Ml
WWW.gearexpo.com

Company
Capstan Atlantic

THE DRIVE TECHNOLOGY SHOW™

Website
www.capstanatlantic.com

Booth # Ad
1726

Chardam Gear Co.

www.chardam.com 1842

Clarke Engineering Inc. www.clarkegear.com 2334

CNC Design Pty. Ltd. www.cncdesign.com.au 2019

Cold Forming Technology, Inc www.coldformingtechnology.com 1450
Columbia Gear Corporation www.columbiagear.com 2147
Comet Solutions, Inc. www.cometsolutions.com 1311

Cone Drive www.conedrive.com 1353

Dalian Precision Products Co., Ltd. www.dppc-online.com 2407
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GEAR EXPO 2015 |
Company Website Booth # Ad
Delta Gear www.delta-gear.com 1001
Dontyne Systems Limited www.dontynesystems.com 1831

EM Gear LLC

EXSYS/Eppinger

www.em-gear.com

www.exsys-tool.com

2050

1731

First Global Gear

www.fggscorp.com

1447

G & ATransmission Limited WWwWw.ga-power.net 1931

Gleason Corporation www.gleason.com 1017

Great Taiwan Gear Ltd. www.taiwangear.com 1201

GS Gear http://gsgear.co.kr 1347

Guizhou Qun Jian Precision Machinery Compan www.gunjian.cn 1637

Hangzhou Exceed Import and Export Trading Co., LTD WwWw.supror.com 1535
Hangzhou Kailan Heavy Machinery Co., Ltd www.hzkailan.com 2119
Hangzhou Sino-Deutsh Power Transmission Equipment CO, Ltd. www.chgear.com 2118
Hy Group, Inc. http://bjsendi.1688.com/ 1740

IDC Industries Inc. www.idcind.com 2051

KHGEARS www.khgears.com 1751
Kisssoft USA LLC www.kisssoft.com 1830
Klingelnberg www.klingelnberg.com 1410

Liugong Dressta Machinery Co., Ltd. 2139
Matrix Design, LLC http://getmatrixed.com/ 2053
MESYS AG www.mesys.ch 2048
Mijno Precision Gearing WWWw.mijno.com 2150
Minchen Gear www.minchen.com.tw 1750
Napoleon Engineering Services www.nesbearings.com 2428
Nichiei Co. Ltd. www.nichiei-ind.com 1937
Ningbo Blue Machines Co., Ltd. www.blue-machines.com 1342
Qerlikon Drive Systems www.oerlikon.com/drivesystems 2226
Panchal Engineers India Private Limited www.panchalgears.com 1050

Perri Technoloii Corioration www.ierriiear.com 1604
Raycar Gear & Machine Co. WWwWw.raycargear.com 1634
RedViking www.redviking.com 2101

Reliance Gear Corp. www.reliancegear.com 2218
Riley Gear Corporation www.rileygear.com 1326

Riverside Spline & Gear, Inc.

http://splienandgear.com

1254

Sanauto Engineers (I) Pvt. LTD www.sanauto.com 1853
Shanghai Superoll Bearing Co., Ltd www.superoll-bearing.com 1435
Shivam AutoTech Ltd. www.shivamautotech.com 1351

Smart Manufacturing Technology Ltd. www.smartmt.com 2207
SMC Powder Metallurgy, Inc. www.smcpowdermetallurgy.com 2247
Southern Gear & Machine, Inc www.southerngear.net 1247
STD Precision Gear www.stdgear.com 1011

Suhner Manufacturing, Inc. www.suhner-transmission-expert.com 2448
Syn-Tech Ltd. www.syn-techlube.com 1442

Taiwan United Gear Co., Ltd. http://tugear.com.tw 1542
Tecsia Lubricants USA www.tacbeconlube.com 2128
Thermotech, Inc. www.thermotech.com 1953

Third Wave Systems www.thirdwavesys.com 1739

Tianjin Shinway Transmissions Co., Ltd. www.xiangweitransmissions.com 1350
Tien Yi Gear Works Co., Ltd www.tienyigear.com.tw 2435
United Gear & Assembly, Inc. WWW.Ugaco.com 1737
Vigor Precision Ltd. www.vigorprecision.com.hk 2418

Want Win Precision CO., Ltd www.wantwin.com.tw 2005

WS GearDynamics GmbH www.ws-geardynamics.com 1547

Xubi Engranajes, S.L. www.xubi.com 1545
| ZVL/ZKL Bearings Corporation www.zklbearings.com 1728 |
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B ASK THE EXPERT]

Mutiple Gearset-Type

Calculation Software

Is there a gear software package out there that will calculate the design of
spur, helical, worm, and planetary gearsets? Also, we would like a program
that calculates stresses and material selection. Finally, we would like to have
the program calculate bearings loads, too. Thank you for your help.

| Expert response provided by: Dr. Stefan Beer-
mann, KISSsoft CEQ: Yes, there are some software
packages available. In the U.S. the important commercial
ones are KISSsoft, IGS, ROMAX and MASTA; each has its
own strengths. I will only write about KISSsoft— for obvi-
ous reasons. So the first brief answer is: KISSsoft can do the
tasks above — and more.

Some details: KISSsoft is a program that calculates ma-
chine elements. This is generally what an engineer learns at
University when it comes to assessment of strength or life
time of machine components. Most of KISSsoft is dedicated
to the various gear types and configurations, including the
abovementioned ones; calculating stresses is a basic func-
tionality of all the respective software packages. Let me at
this point say a few words about the meaning of stress val-
ues: if you compare stress values from gear software with
those from an FEM package, you will often find significant
deviations. Also, among the different software packages
available, results will differ. That is because the calculated
“stress” in a machine calculation software is compared to a
permissible stress value. The calculation of both is defined
by the method applied. As long as you
stay within the method, this is perfectly

input data. For material selection, KISSsoft provides a data
base with the relevant data of some hundred steels and
other material. This data base can be extended by the user
if some special data set is requested. The definition of the
macro geometry for a given gearset is the hardest part of
the job. If you have a mistake in the input — typically due to
a misunderstanding of the meaning of the input, regarding
either the drawing or the software —you are subsequently
calculating the wrong gears. So be careful and cross-check
all available control data; again, trust the software to keep
you informed whenever something looks strange.

For the design of a gearset, KISSsoft has some special
functionalities that make first proposals; refine and opti-
mize a given design; and, finally, optimize the micro ge-
ometry, i.e.—the profile and flank modifications. Other
functions are for the in-depth analysis, beginning with the
contact analysis. This module finds the real contact points
on the flanks under load, with flexible teeth, shafts, and
bearings. Based on this approach, more realistic stresses
and transmission error — key phrase here: noise vibration
harshness (NVH) — can be determined.

- |
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fine. But don’t mix methods! O

Since all the common gear software
is implementing more or less the same
methods, the main difference is in how
the input process is tailored. In KISS-
soft we focus on making this process as
flexible — yet still convenient— as pos-
sible. Thus KISSsoft has a monolithic
approach, i.e. — all tasks are performed
using the same user interface. Depend-
ing on what the topic is you need to ad-
dress —say, new design or assessment .
of given design —you will enter differ- g
ent data. However, trust the software to e
always keep your gear definition con-
sistent and make proposals for suitable
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For Related Articles Search

software

at www.powertransmission.com

What is more, power losses and heat generation, wear, oil

film thickness and other negatives can be calculated. The
bearing loads are also calculated here; however, I recom- Dr. 3tefan %ee"f"a“"_“;difd "r‘]aﬂ;le.msticts |
. . . . and computer science In Karisruhe. Ris Doctora
.rnfend using th.e KISSsoft shaft calculation for this topic, as thesis—"Simulation of Vibrations in Gearboxes Applying
it is more precise. Other parts of the gear software treat op- Spectral Simulation”— was written in collaboration with
erational backlash, summarize data for the shop floor, and the FZG from the TU Munich. In 1996 Beermann joined
Zurich-based gearbox company, L. Kissling & Co. AG, as
50 On; . . product manager for the calculation software KISSsoft.
Let’s summarize: with KISSsoft you get an easy-to-use tool In 1998 he switched to KISSsoft AG as one of its first
for calculating spur, helical, worm and planetary gearsets, employees. Today Beermann is company CEO and partner
\_ at KISSsoft AG— together with the company’s founder, Dr. U. Kissling.

and also bearing loads with stress calculation and material
selection supported by a data base. If you want to try it, con-
tact us. (wwuw.kisssoft.ch)
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Setting Techniques for Tapered

Roller Bearings

David Novak, Timken Director, Service Engineering

Introduction

Tapered roller bearings can be set at initial machine assem-
bly to any desired axial or radial clearance. This unique fea-
ture enables a designer to control bearings to meet antici-
pated application operating conditions, and thereby provide
optimum bearing and system performance.

Some advantages of tapered roller bearings pertaining to
setting include:
o Longer bearing life, achieved by optimizing bearing

settings while meeting application performance

requirements

 Increased mounting stiffness, achieved by properly set
tapered roller bearings resulting, for example, in better
gear contact and longer gear life

o Easier assembly because cone and cup are separable

« The bearings can be set at the time of machine assembly,
allowing wider shaft and housing tolerances

The setting of tapered roller bearings can be readily accom-
plished by a wide variety of viable methods. These bearings
can be set manually, supplied as pre-set assemblies, or set
by automated techniques. There are a number of approaches,
considerations and advantages for each, with special focus
on five popular automated techniques, i.e. — set-right; acro-
set; projecta-set; torque-set; and clamp-set (Table 1).

Bearing Setting

With tapered roller bearings, the term “setting” simply in-

dicates the specific amount of end-play (axial clearance) or

pre-load (axial interference) within a mounted bearing. The
flexibility to easily adjust and optimize setting at the time of
assembly is an inherent advantage of tapered roller bearings.

Unlike other types of anti-friction bearings, tapered roller

bearings do not require tight control of shaft or housing fits to

obtain setting. Because tapered roller bearings are mounted
in pairs (Fig. 1), their setting is primarily dependent upon the
axial location of one bearing row relative to the opposite row.

The three primary conditions of bearing setting are defined
as:

1. End-play. Axial clearance between rollers and races
producing a measurable axial shaft movement when a
small axial force is applied — first in one direction and
then in the other —while oscillating or rotating the shaft
(the reference bearing load zone less than 180°).

2. Pre-load. Axial interference between rollers and races
such that there is no discernible axial shaft movement
when measured as described above. A rolling resistance to
shaft rotation results, which may be measured (load zone
greater than 180°).

3. Line-to-line. A zero setting condition; the transitional
point between end-play and pre-load.

A bearing setting obtained during initial assembly and ad-
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End

plate Shaft

Figure 1  Simplified machine assembly showing a typical tapered

roller bearing (indirect) mounting

1500 |- \ .
Environment
Environment | | Adjusted Life of
B Adjusted Life of ~ / . Set-up Bearing
Seated Bearing |
(2 S } |
> —~ I
=] T~ 1
= B / N |
| | Non-Adjusted
E || System Life
=0 W = =
| Bearing ) I__‘ NN
System Life ~ Optimum
etting RN
1 1 1 1 1 N :
0.41 mm 020 mm o 0.0 mm
10167) (0087) (008")
ENDPLAY 4—]—b PRELOAD
BEARING AXIAL SETTING

Figure2 Calculated Bearing L10 Life vs Operating Setting

justment is the “cold” or “ambient” bearing setting, and is es-
tablished before the equipment is subjected to service.
Bearing setting during operation is known as the “operat-
ing bearing setting,” and is a result of changes in the ambient
environment bearing setting due to thermal expansion and
deflections encountered during service. The ambient bearing
setting necessary to produce the optimum operating bearing
setting varies with the application. Application experience, or
testing, generally leads to the determination of optimum set-
tings. Frequently, however, the exact relationship of ambient
to operating bearing settings is unknown, and an educated
estimate has to be made. To determine a suggested ambient
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Table 1 Comparison of Tapered Roller Bearing Setting Methods

Setting Method
Requirements Preset : :
Manual assembly Set-Right Acro-Set Projecta-Set | Torque-Set Clamp-Set
Mounted bearing setting range, 0.008-0.014
in. (Typical Min to Max) 0.004-0.010 | 0.006-0.012 (probable) 0.004-0.006 | 0.002-0.004 | 0.005-0.007 0.003-0.005
. . End play or End play or End play or End play or End play or
Mounted setting region End play preload preload preload preload preload End play
Loose fitted member for
adjustment? No No No Yes No No Yes
Yes
. ?
Apply set-up load? Yes No No Yes (constant) Gauge spring Yes Yes (constant)
. . Yes Yes Yes
Spqucl)?nauognees#tﬁ;(?tures, No No No No Special gauge & Rolling torque | Compensating
P ) LVDT* gauge ring
. . Yes
Special bearing codes or “ » | YesCodes &
- No Matched No No No No
assemblies? assembly spacers
Pretesting ;Z?ﬁgg;o develop No No Yes (limited) Yes Yes Yes Yes
. . Low to ) Moderate to ) Moderate to . .
Typical production volume Moderate Low to High High Low to High High Low to High Low to High
. - . Low-Med Low Low-Med Chart/
Assembler skill or training level High Low Low Chart reading | LVDT reading | gauge reading Low
. . Yes
?
Shim pack applied? Yes No No Yes Yes Yes constant size
. No
?
Shim gap measurement? Yes No No Yes No (LVDT) (brg torque) No
. . . No No
Possible use of wider bearing -
system mounting tolerances? ves tco(?grte:ﬁlczz Nt%?grgg?etsr Yes Yes ves Yes
Bearing rotation or oscillation? Yes No No Yes Yes Yes Yes
Yes (with Yes
Applicable for field service? Yes Yes Yes service No (with manual Yes
manual) and new brgs)
Readily applicable
to large, heavy units? No Yes Yes Yes No No No

Note: All bearing setting methods above require proper backing and positive clamping of bearing components.

* Linear Variable Differential Transformer (LVDT)

bearing setting for a specific application, contact your bear-
ing representative.

Generally, the ideal operating bearing setting is near-zero,
to maximize bearing life. Most bearings are set with a cold
setting of end-play at assembly. This comes as close as pos-
sible to the desired near-zero setting when the unit reaches
its stabilized operating temperature.

Some applications are set with cold pre-load to increase
rigidity and axial positioning of highly stressed parts that
would otherwise be dramatically affected by excessive de-
flection and misalignment.

Excessive operating pre-load must be avoided, as bearing

fatigue life can be drastically reduced. Also, excessive operat-
ing pre-load can lead to lubrication problems and premature
bearing damage due to high heat generation.

Load zone is a physical measure of the raceway-loaded arc
and is a direct indication of how many rollers share the ap-
plied load. For a single-row tapered roller bearing, maximum
life is obtained with a load zone of approximately 225°.

Figure 2 shows the graphical representation of bearing L10
life vs. the operating bearing setting for a typical (overhung)
pinion bearing mounting.

The ideal operating setting that will maximize bearing sys-
tem life is generally near-zero to slight pre-load.
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Manual Bearing Setting

Manual methods are frequently used to set bearings on a va-
riety of equipment with low-to-moderate volume production
requirements, whereby a less-than-exact, primarily end-play
setting range variation is acceptable. No special tooling, gaug-
es, charts or fixtures are typically required, but assembler skill
and judgment are necessary. For example, in the case of a
conventional truck non-driven wheel with a single adjusting
nut design (Fig. 3), manual setting involves tightening the ad-
justing nut while rotating the wheel until a slight bind is felt.
Then the adjusting nut is backed off “-to-% turn to the near-
est locking hole — or sufficiently to allow the wheel to rotate
freely with some minimal end-play. The adjusting nut is then
locked in this position. Skill and judgment are required to de-
termine when the wheel binds slightly in rotation. The more
complicated the equipment, and the bulkier and heavier it is,
so is a greater degree of skill and judgment required.

)

¢

N

Figure 3 Truck Nondriven Wheel

r

For certain complex designs, large equipment, or high-
production applications, manual setting may be too trouble-
some, of inappropriate accuracy and reliability, or too time
consuming. The Timken Company has devised pre-set bear-
ing assemblies and automated setting techniques as alterna-
tives to manual setting.

Pre-set Bearing Assemblies
Many applications utilize or require the use of two-row or
close-coupled bearing assemblies. This will depend upon
the design and operating characteristics of the machine (e.g.,
thermal growth effects, high loads, etc.). To facilitate bearing
settings of this type of design, pre-set bearing assemblies are
frequently used. Pre-set bearing assemblies are available in
a variety of forms, styles and arrangements, but for the most
part are typically referred to as spacer bearings (Fig.4). The
majority of pre-set bearings are manufactured and supplied
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Figure4 Example of Typical Preset Assemblies

with spacer rings “custom-fitted” between the bearing rows
to control the internal clearances (Ref.“2S”- and “TDI"-
types). As such, these customized or “matched” spacers can-
not be interchanged with any other bearing assembly. Other
pre-set assemblies such as “SR”- or “TNA”-types may apply
interchangeable spacers and/or bearing components. Such
interchangeable assembly components are designed to hold
closer control of the critical tolerances that affect bearing set-
ting; as a result, they can be randomly selected.

Each pre-set bearing is supplied from the manufacturer
with a specified (unmounted) internal clearance or bench
end-play (BEP). This BEP is chosen to provide the desired
mounted setting range for the given application require-
ments. The mounted bearing setting range is determined
from this BEP, based strictly on the effect of shaft and hous-
ing fits. Typically only one tight-fitted (shaft or housing) re-
quirement is applied (i.e., on rotating member). This results
in expected mounted setting ranges of less than 0.008". The
mounted setting range of interchangeable component as-
semblies is typically wider than that for “matched” spacer
assemblies. To apply pre-set assemblies in an application,
simply mount and ensure proper clamping of the bearing
components through the spacers.

Typical Pre-Set Bearing Assembly Applications
Pre-set bearing assemblies are widely and frequently used in
many industrial applications. Typically this includes applica-
tion in: planet pinions; hitch or linkage positions; transmis-
sion idler gears; fan hub shafts; water pump and idler pulley
shafts; sheaves; conveyor idlers; winch drums, at the fixed
and float positions of mining equipment; propel and swing
drives; and in larger gear box drives.

Automated Bearing Setting Techniques
In addition to pre-set bearing assemblies, Timken has de-
veloped five popular automated bearing setting techniques
(set-right; acro-set; projecta-set; torque-set; and clamp-set)
as alternatives to manual adjustment.
Table 1provides a matrix format of various features of these
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Figure 5 Application of Automated Bearing Setting Techniques
techniques. Each method’s ability to hold a reasonably con- ':?:“ i
trolled mounted bearing setting “range” is compared on the t . wtox .
first line of this table. These values are simply an indication of e T
overall variability in setting for each method and have noth- 5 T e T
ing to do with the “pre-load” or “end-play” setting target. For 3 m!s%
example, under the set-right column the expected (probable g u=
or 6-sigma) setting variation — due to control of certain bear- g Eg
ing and housing/shaft tolerances — could range from a typi- = — §§ _—
cal minimum of 0.008"-0.014". This range of setting can then g ' 2 :
. . 0.135% -1 0.135%
be apportioned between end-play and pre-load to best opti- P <= | . N
mize the bearing/application performance. VARIABLE D;MENSIDN .
Figure 5 utilizes a typical four-wheel-drive farm tractor de- ‘

sign to demonstrate examples of the common application of
tapered roller bearing setting methods.

The specific definition, theory and formal process for the
application of each technique is discussed in detail in the fol-
lowing sections.

Set-Right

Set-right eliminates manual setting adjustment of tapered
roller bearings by controlling certain bearing and mounting
system tolerances. The statistical laws of probability are ap-
plied to predict the effect of these tolerances on the bearing
setting. Generally, the set-right method requires closer con-
trol of some shaft/housing machining tolerances, as well as
closer control (with special class and code) of critical bearing
tolerances.

The method considers that each component involved in
the final assembly of a machine has a controllable tolerance
range for critical dimensions. The laws of probability indicate
that combinations of all low tolerances or all high tolerances
will rarely occur in such an assembly. It then follows that for
a “normal tolerance distribution” (Fig.6), the overall dimen-

Figure 6 Frequency Curve for a Normal Distribution

sional stack-up of all parts will statistically tend to be some-
where in the middle of the total possible tolerance range.

The goal of the set-right method is to control only the most
critical tolerances affecting bearing setting. These toleranc-
es may be completely contained within the bearing or may
involve certain mounting components (i.e., widths A and B
of Fig. 1 or 7, plus shaft OD and housing ID). The result is an
acceptable bearing setting that will occur within a desired
range, with a defined statistical probability/reliability for all
assemblies. (A probable reliability 0of 99.73% or 6-sigma is typ-
ical, but in higher-volume production a 99.994%, or 8-sigma
reliability, is sometimes required). There are no adjustment
steps required to use the set-right concept; the components
of the machine are simply assembled and clamped.

All dimensions affecting the bearing setting in a machine
assembly —such as certain bearing tolerances, shaft OD,
shaft length, housing lengths, and housing bores — are con-
sidered as independent variables when calculating the prob-
able range. In Figure 7 both cones and cups are mounted with
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End
plate

’1—A—-—

Shaft

Figure7 Machine Assembly

conventional tight fits and the end-plate is simply clamped
against the end of the shaft.
Special set-right considerations:

1. The overall calculated bearing setting range can vary
significantly, depending on the bearing K-factor, its
equivalent axial tolerance, and the number of tight-fitted
components applied (i.e., larger with both tight cones
and cups). A review of the application during the design
stage will enable selection of special tolerance-controlled
bearings and assist in optimizing the mounting design for
the smallest probable setting range.

2. To control bearing mounting dimensions, the tolerances
of the bearing system mounting dimensions used
in establishing the probable setting range must be
consistently maintained and, in some cases, more tightly
controlled.

3.If the probable bearing setting range cannot be tolerated
by the application, and attempts to reduce the larger
tolerances are not practical or successful, then consider
the spin-right variation to set-right.

4.The same class and code of bearing must be used for field
service replacement as was used for the initial production.

Spin-right variation of the set-right technique. In some
cases the probable bearing setting range with set-right can
be too large for the application. To reduce this range and
still apply the laws of probability, a technique called spin-
right is used. This technique can be applied to applications
that could also lend themselves to “shim-pack” adjustment
(Fig. 16). To apply this method, the existing probable range
is simply divided by a factor of two or three, depending on
which is necessary to result in an acceptable setting range for
the application.

For example, assume the probable bearing setting range
for the design in Figure 1 is calculated to be 0.018" and the ap-
plication demands a setting of 0.000"-0.009" end-play. The
current range must be divided by a factor of two. Thus with
spin-right the desired shim increment (apply shim between
endplate and shaft) would be equal to 0.009" and the follow-
ing technique applied:

1. Assemble the gearbox without a shim and “spin

check” —without the seal in place — to determine if the

bearings are set with end-play or pre-load. Under the first

spin check, if the shaft spins freely, end-play is present
(Fig. 8) and the bearings are properly set.

2.1f the shaft does not spin freely, the bearings are pre-
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Probable range (0.0180in.)
Shaft does | Shaft spins
not spin freely freely
{preload) } {end play)
0.0090 in. 0 0.0090 in.
Figure 8 1st Spin Check

loaded. Then a 0.009" shim must be installed. A second
“spin check” should result in a freely rotating assembly
indicative of end-play.

3.If pre-load is the desired setting, the spin-right procedure
would be applied in reverse of the above example: if the
shaft rotates freely, the bearings are not properly set and a
shim of 0.009" would need to be removed.

Typical set-right applications. The set-right technique has
been used for a wide variety of bearing setting applications,
which include: tractor PTO assemblies —especially with
blind end or split housing designs; automotive front-drive
wheels; gear reducer shafts; planet pinions; and sprockets
and torque hub units, as used on construction and mining
equipment.

Acro-Set

This widely used setting technique is based on Hooke’s law,
which states: within the elastic material limit, component
deflections are proportional to the load applied (i.e. F=kx,
where  k=system
spring rate). This
method assumes
that total system L
deflection of an
assembly will be
consistent and re-
peatable for a given
applied load (Fig.9)
in an application
where parts and
sections of parts are 0
reasonably uniform
throughout a group
of units.

To establish the method for a given machine configuration,
a dimensional reference condition known as the “deflection
constant” must first be determined. The deflection constant
is simply the (averaged) system deflection, resulting from a
known “set-up” load applied through the bearings, as deter-
mined from the testing of several preproduction units. This
system deflection is typically gauged by measuring a shim

gap (Fig. 10).

SET-UP LOAD

LOAD N (Ibf)
TOTAL DEFLECTION

DEFLECTION mm {in)

Figure9 System Deflection
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The acro-set system constant is then developed; it equals
the deflection constant for a given applied “set-up” load, plus
the desired bearing setting. In production this constant is
added to the measured shim gap to determine the final shim
pack thickness for each unit.

The selection of the final shim pack thickness for each unit
is simplified by use of a shim chart (Fig.11). The shim pack
thickness indicated on the chart includes the effect of the
previously established acro-set constant. Note that the shim
chart facilitates proper shim pack determination based on
shim gap measurements taken at two positions, 180° apart.
The planetary drive wheel assembly (Fig. 10) will be used to
illustrate the acro-set technique.

1. The “set-up” load “P” was established by pretesting and
is applied by 2 cap-screws (180° apart). The applied load
is proportional to the bolt torque. (Commonly, a much
larger “seating” force is first applied and the bearings
rotated to ensure proper assembled positioning of the
components prior to the acro-set shim gap measurement.)

2. Rotate or oscillate the bearings while applying the “set-up”
load “P” and measure the shim gap —first at 0° and again
at 180°.

3.Select the proper shim pack thickness (from the shim
chart), equal to the measured gap plus the predetermined
acro-set system constant (that was established from pre-
tested assemblies). The Figure 10 chart averages the two
readings and provides the final shim pack thickness. In
this case, 0.66 at 180° and 0.61 at 0° gives a 0.97-thick shim
pack.

4. Install the final shim pack and torque up all cap-screws to
their clamp-up torque.

Special acro-set considerations:

1. Bearing “seating” and “set-up” loading is typically applied
with multiple cap-screws (i.e. Load = NT/(du) where:
N=# of cap-screws, T=cap-screw torque, d = cap-screw
diameter, and p = coefficient of thread friction; where
typical p=0.17). Commonly, the applied seating force
should be 2-3x Ca (90) and the applied set-up force
chosen as %-1x Ca (90) of the lowest capacity bearing in
the system.

2. Loose-fitted adjustable component; a loose-fitted
member at the adjustable position is preferred. However,
variations to tight-fitted cups and cones can be made as
described below:

A. The use of tight cups in carriers that are loose fitted in
the housing.

B. The use of aloose fitted “master” cup or cone for the
bearing setting operation (mean fit compensated for in
acro-set constant).

C. Fixture designs with built-in compensation for the tight
fitted member (projecta-set).

3. All components essential to the acro-set concept, such as
housing walls and cover plates, must have a fairly uniform
section size in successive production units.

4.The design must lend itself to applying a set-up load to the
movable bearing race for adjustment.

5. The bearings must be rotated or oscillated while applying
the set-up load.

6. The design must also lend itself to gap measurement of the
movable member.

7. The thickness of the actual shim pack used should be
verified.

It may be seen from this simplified schematic that projecta-

P—HI

Gap

P ———~ i —

Figure 10  Planetary Drive Wheel

Second
measured First measured gap
gap (at (at0 deg), mm
180 deg),
mm 0.56 0.58 0.61 0.64 0.66
0.56 0.89 091 0.91 0.94 0.94
0.58 091 091 0.94 094 097
0.61 091 0.94 0.94 097 . 097
0.64 0.94 0.94 0.97 097 099
0.66 0.94 0.97 0.97 099 099
0.69 0.97 0.97 0.99 099 1.02
0.7 0.97 0.99 0.99 102 | 102
Figure 11 TYPICAL ACRO-SET SHIM CHART

setis basically a method of ‘projecting’ the two faces essential
to measuring the spacer size from an otherwise inaccessible
position to a point where gauging is possible.
A. The tapered roller bearing assembly with lower cone
pressed into position on the shaft
B. Also lower and upper cups in the housing but without
upper cone
C. Spacing element projects lower cone abutment face a
known distance (x) (clear of shaft end)
D. Gauging element projects upper cup track the same
distance (x)
Upper cone in gauging position
NO F??
. Gauging point (e.g. for low volume, a dial indicator, or for
high volume, an electronic transformer - LVDT) arranged
and pre-set to indicate spacer size (S)

omm

In this schematic, a movable base (H) is shown which, by
the application of a known force, seats the upper cone in its
‘projected’ track, i.e. — the gauging element then giving a di-
rect reading of the necessary spacer size. In practice, alterna-
tive methods may be used to suit any particular production
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facilities and requirements; (for instance, a static base with Uppercone  Press ram Gage and
the gauging load applied by a moving head from the top). cup locator
Typical acro-set applications. Examples where the acro- \ FA—/‘
set method has been successfully applied to tapered roller LVDT@ —— —— LVDT
bearings include: manual transaxles; drop box transmis- 180 Deg U @0 Deg
sions; farm tractor axle assemblies; power take-off units; L .
planetary pinions; differential and pinion shafts; gear reduc-
ers; and off-highway truck and tractor wheels. GapG 1
Projecta-Set L - z
The projecta-set technique is similar in concept and appli-
cation to acro-set, but adds additional versatility and sophis-
tication through utilization of a special gauging fixture. This Cup~ | Y
gauge enables one to “project” an inaccessible shim, spacer
gap, or reference surface, to a position where it can be easily
measured. This gauge typically incorporates the use of a dial Spacg;gleeue
indicator or an LVDT for measured readings. It is also readily cone locator
applied in designs where the adjusting component (cone or Pinion bearing
cup) is tight-fitted without sacrificing assembly speed or ac- housing
curacy. The method (Fig. 12) consists of two key gauging ele-
ments: a spacer sleeve (Ref. C) and a tapered gauging sleeve
(Ref. D), of known (typically equal) design lengths (Ref.X).
These sleeves will project the inaccessible spacer gap beyond
the shaft end.
G Figure 13 PROJECTA-SET Gauging Example With Pinion Shaft
$ \/ * onto the upper bearing cup and apply the upper bearing
- =E cone (Fig. 13).
i 2. Activate the press to clamp the gauge through the two
S Y bearing cones. A known axial load is applied through the
i - bearing cups at this time by the Belleville spring internal
‘ * ’_h to the gauge. (Note that the press is required simply to
X I C clamp the upper cone in place, against the spacer sleeve,
for proper seating; some gauge designs accomplish this
l X B with a threaded nut design.)
! 3. Oscillate the gauge (handles) to seat the bearing rollers.
| The LVDT probes then measure the axial displacement
AN | Yy between the two gauging members and the required
vS A spacer size is displayed on the digital readout.
+ | ¥ 4.The spacer size is determined by the gauge based on the
J formula (Fig. 13): S=Z-A+K
| Where
| S =Spacer size required
Z =Sleeve length (fixed)
| A =Variable distance between corresponding diameters on
I the tapers of cone and cup locator (“zeroed” dimension
is known)
K =Constant to compensate for system deflection due to
! G H S gauge spring load, mean tifht cone fit effect (loss of
clearance), and the desired bearing setting
- G =Measured gap, which represents the change in distance
Figure 12 PROJECTA-SET Concept “A”. distance “A” includes “G”
To illustrate the projecta-set method, reference a typi- Special projecta-set considerations:
cal spiral bevel pinion shaft assembly (Fig.13). In this indi-  1.The size, weight, cost and design of the projecta-set gauge
rect-mounted, cone-adjusted design the bearing setting is should be reviewed for specific application viability.

Typical gauging cost for an industrial application,
incorporating LVDT and internal gauge springs, is
approximately $10,000 each. To increase set-up efficiency

achieved through the use of a spacer located between the two
cone front faces. The cups and cones are tight-fitted in this

application; the required gauging steps are: (for higher volumes over 30,000 assemblies/year), the
1. Place the assembled pinion shaft, except for the upper designer should consider design/usage of a special
cone and spacer, on the press table. Position the gauge automated press and press fixture to apply the gauge.
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2.Separate gauges or interchangeable components (i.e. dual
tapers) would be required if various models or shafts of
the same application use a different bearing series.

3. An alternate method of field servicing would be required
to set the tapered roller bearings (acro-set is similar and
should be given primary consideration).

Advantages of projecta-set:

e Prevents time-consuming teardowns to change shims or
spacers in an application with tight cone or cup fits.

e It can be readily applied to automated assembly
processes.

¢ Human judgment is minimized when compared to past
traditional manual methods.

« The use of projecta-set gauges requires minimum training
time.

« The projecta-set method provides consistent and reliable
settings.

Torque-Set

The torque-set method is based on the principle that the
rolling torque in a pre-loaded bearing directly increases as
a function of the applied pre-load force (typically measured
by dimensional pre-load). Laboratory tests have shown that
the torque variation of a new bearing is small enough to ef-
fectively use bearing rolling torque as a basis for predicting/
gauging a consistent dimensional pre-load setting. This rela-
tionship (Fig. 14) is established during pre-testing of several
units and loads. Shims are added or subtracted after initial
bearing rolling torque is measured to satisfy the desired bear-
ing setting — either end-play or pre-load. A shim chart is nor-
mally used to assist selecting the final shim pack for each unit
(Fig. 15).

The steps required to perform the torque-set technique are
outlined below:

1. Assemble the unit with a reference (constant thickness)
shim pack that assures a pre-load in the system (Fig. 16).
Note the resulting bearing pre-load will actually differ
for each assembly, depending on the variations in the
accumulated tolerances of the component parts.

2. Measure the bearing rolling torque (Fig. 17).

3. Select the final shim pack thickness based on the pre-
constructed shim chart (Fig. 15).

4.Install final shim pack and complete the assembly by
installing all cap screws (Fig. 18).

DIMENSIONAL PRELDAD

BEARING ROLLING TORQUE
Figure 14 Dimensional Preload vs Bearing Rolling Torque
Measured Bearing Shim Pack
Rolling Torque Addition
(Nem) (mm)
1.13 .20
1.36 4]
1.58 .23
1.81 .25
2.03 75
2.26 .28
2.49 .28
2.7 .30
2.94 .30
3.16 .33
3.39 .33
3.62 .36
3.84 .38
4.07 .38
4.29 A1
Figure 15 TORQUE-SET Shim Pack Determination

Chart

Final Shim
Pack

Figure 17 Measure Bearing Rolling
Torque

Figure 18 Assembly Complete

Load

Figure 16 Assemble With Reference Shim Pack
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Bearing rolling torque is influenced by rotational speed
and lubricant used. In any application using the torque-set
approach, the lubricant and speed should remain constant.

The most common method of measuring bearing rolling
torque is with a torque wrench. Sometimes a socket can be
used, which fits over a nut on the end of the shaft or, if this is
not possible, a special adapter can be made that fits the end
of the shaft. In cases where the housing can be rotated, the
torque wrench is adapted to the housing to measure rolling
torque.

If a torque wrench cannot be used, a spring scale may be
substituted to measure bearing rolling torque. Using a string
wound around a gear or wheel and a scale, record the pull
force needed to keep the assembly turning. Rolling torque
is calculated by multiplying the radius of the gear or wheel
around which the string has been wound by the pull force.
This step could be avoided by a shim chart, which indicates
pull force vs. shim pack size.

When measuring bearing rolling torque, turn the shaft as
slowly as possible while maintaining smooth rotation.

Special Torque-Set considerations:

1. Ability to measure rolling torque. The design must lend
itself to measuring the rolling torque of the bearings.
Where other components such as seals, piston rings, etc.
contribute to the torque, provisions must be made to
recognize and isolate these torque values from the bearing
rolling torque. An example would be to record the drag
torque of a shaft and seal in an end-play condition, then
“add-on” the required bearing rolling torque for the pre-
load condition.

2. Ability to “reseat” tight-fitted members. When tight-fitted
members are used for bearing adjustment, provisions
must be made to “re-seat” or back-press that member after
the torque-set load has been applied and the final shim
pack determined.

3. Bearing rolling torque is influenced by rotational speed
and applied lubrication. These should be kept constant

Gap
Compensating

ring

Cup carrier — a

Figure 19 Worm Gear Reducer
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between units. The most common method of measuring
rolling torque is with a torque wrench. When measuring
rolling torque, turn the shaft as slowly as possible
(estimated at 3.5 rpm) while maintaining smooth rotation.

4. Torque-set. Should not be used if there is an unbalanced
load (created, for example, by heavy parts, clutch plates or
caliper brakes); this would cause the torque to vary during
rotation.

5. For field servicing, the torque-set method should not
be used to reapply previously operated (e.g., run-in)
bearings; a new set of bearings or alternate technique
must be used.

Typical torque-set applications. Torque-set has been
used successfully on various industrial and automotive ap-
plications. Typical applications include pinion and differen-
tial shafts, transmission shafts, and gearbox shafts.

Advantages of torque-set:

o Usually, no special fixtures or tooling are required; a
torque wrench or simple spring scale and cord are all that
are needed.

¢ No shim gap measurements are required; the shim pack is
simply changed to obtain the correct setting.

o This method is useful in equipment where manual
methods are physically impractical or difficult. However, it
may not be practical in very large equipment.

o Torque-set can be applied to field servicing when new
bearings are installed.

Mounting Designs and Setting Devices
Tapered roller bearings can be mounted in various configu-
rations, and there are a variety of devices available to set the
bearings to the desired end-play or pre-load in an applica-
tion.

Cone-setting devices. In an indirect mounting, generally
one cone is backed against a fixed shoulder while the other
cone is movable and backed by some setting device.

A slotted nut (Fig. 20) can be used for obtaining the bearing
setting. The nut is locked in place with a cotter pin. Both the
nut and washer should be of sufficient size to give adequate
backing to the cone. Two cotter pin holes in the shaft, spaced
90° apart, are used to obtain twice as many locking-positions-
per-revolution of the nut, and a corresponding, closer bear-
ing setting. A locknut, tongued washer, and lock-washer can
be used instead of a slotted nut (Fig.21). (See the Auxiliary
Parts in the Tapered Roller Bearing Guide for other locknut
arrangements.)

3
ol ot |
[

71
gi=i

Figure 21

Figure 20 Slotted Nut Locknut
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A stake nut (Fig.22) can be used for setting the bearings;
and peening the thin section into a keyway slot locks it in
place.

The setting in Figure 23 is obtained with shims and an end-
plate held in place by cap screws in the end of the shaft. A slot
may be provided in the end-plate to measure the shim gap.

el
|

Shims -

=R

Figure 22  Stake Nut Figure 23  End Plate

A TDO-type bearing with cone spacer, above the centerline
(Fig.24) and a TNA-type bearing, below centerline, are man-
ufactured with a fixed internal setting built into the bearing.
The TDO-type bearing is shown assembled on the shaft with a
cone spacer and clamped against a shoulder by an end-plate.
The TNA-type bearing is assembled on the shaft with the cones
butted together and similarly clamped against the shoulder.
No further set-up provision is required in either case.

Cup-setting devices. In a direct mounting, generally one
cup is backed against a fixed shoulder, with the movable cup
positioned by some satisfactory setting device.

A cup carrier (Fig. 25, above centerline) and cup follower
(below centerline) use shims for setting, and the carrier or
follower is held in place by cap-screws.

Bearings can be set by the use of a selected cup spacer with
the end-plate secured to the housing by cap-screws (Fig. 26).

Figure24 TDO and TDA Figure 25 Cup Carrier and Cup

Follower

Selected

Spacer
SpacerE || -BF -
y Gﬁ’ﬂp
el |
E

el ==

Figure 26 Selected Cup Spacer Figure 27 TDI

A TDI-type bearing with a cup spacer (Fig.27) is supplied
with the cup spacer providing a specific, fixed internal set-
ting. The bearing is clamped by a cup follower through the
cups and spacer against the housing shoulder. No further
setup provision is required.

Summary
The fact that tapered roller bearings can be set is an advan-
tage over other types of bearings. Manual setting has been
considered an acceptable approach by many manufacturers
and will continue to be used. The trend, however, is toward
automated bearing setting procedures because of cost and
more exacting performance requirements.

The selection of an automated bearing setting technique is
best made early in the design stage.

But, if the equipment is already designed and built, one or
possibly a combination of setting techniques could be incor-
porated to improve setting reliability and reduce assembly
time. PTE
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Timken

David Novak

Phone: (864) 250-9725
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Recalibrated Equations for
Determining Effect of Oil Filtration

on Rolling Bearing Life

William M. Needelman and Erwin V. Zaretsky

Summary

In 1991, Needelman and Zaretsky presented a set of empiri-
cally derived equations for bearing fatigue life (adjustment)
factors (LFs) as a function of oil filter ratings. These equations
for life factors were incorporated into the reference book,
STLE Life Factors for Rolling Bearings. These equations were
normalized (LF=1) to a 10 um filter rating at 8,=200 (normal
cleanliness) as it was then defined. Over the past 20 years,
these life factors based on oil filtration have been used in con-
junction with ANSI (American National Standards Institute)/
ABMA (American Bearings Manufacturers Association) stan-
dards and bearing computer codes to predict rolling bearing
life. Also, additional experimental studies have been made
by other investigators into the relationship between rolling
bearing life and the size, number, and type of particle con-
tamination. During this time period, filter ratings have also
been revised and improved, and they now use particle count-
ing calibrated to a new National Institute of Standards and
Technology (NIST) reference material, NIST SRM 2806, 1997.
This paper reviews the relevant bearing life studies and de-
scribes the new filter ratings. New filter ratings, =200 and
B =1,000, are benchmarked to old filter ratings, =200, and
vice versa. Two separate sets of filter LF values were derived
based on the new filter ratings for roller bearings and ball
bearings, respectively. Bearing LFs can be calculated for the
new filter ratings.

Key Words: oil filter ratings; oil filtration; rolling-element-
bearings; life prediction

Nomenclature
C, =Empirically determined constant
C, =Empirically determined exponent
C. = Fatigue load or stress endurance limit of the bearing
material
D, = Bearing pitch diameter, mm
E, = Particle removal efficiency, (1-1/pB.)x 100 (%)
ec = Lubricant contamination or oil cleanliness factor
FR = Filter rating, micron
h = Elastohydrodynamic (EHD) film thickness, um
h. = Central or average elastohydrodynamic (EHD) film
thickness, um
L, = Bearing 10% or catalo§ life or the operating time that
is exceeded by 90% of a group of bearings of a given
type, hours, or millions of inner-ring revolutions
Ls, = Bearing 50% or median life, or the time that is
exceeded by 50% of a group of bearings of a given
type, hours or millions of inner-ring revolutions

LF = Life adjustment factor for effect of filtration on
bearing L,life
M = Weibull slope or modulus
ND, = Average number of particles downstream of the filter
whose particle sizes are greater than x um
NU, = Average number of particles upstream of the filter
whose particle sizes are greater than x um
P = Applied dynamic equivalent (applied) load to the
bearing, 2]1]\11)
x = Particle size, um
[ = Filtration factor or filter rating, NU./ND,
B. = Old filter rating, (um)
B = New filter rating, ()
k = Ratio of the actual viscosity of the lubricant in the
bearing to a reference viscosity where x- A'*

A = Lubricant film parameter, h./c
o = Composite surface roughness, (¢ 2 1 22) (um)
o1, 6, = Root mean square (rms} surface roughness of
contacting bodies (um

®,,» = Rotational speed (rpm)

Subscripts
1 =Body 1 or ball or roller
2 =Body 2 or bearing raceway

Introduction

It has long been recognized that lubricant contamination can
affect bearing life, reliability, and performance. In 1976, T.E.
Tallian (Refs. 1-2) was the first to publish a systematic study
of the effect of contaminated lubrication on rolling-element
fatigue life. He presented a probabilistic model (Ref. 1) to pre-
dict rolling-element fatigue life under conditions where the
elemental surfaces in contact (raceways and balls or rollers)
incur progressive damage during stress cycling from con-
tamination in the lubricant. He subsequently correlated his
analysis to surface density damage from experimental fatigue
life data for ball bearing inner raceways (Ref. 2).

Hirano and Yamamoto (Ref.3) reported that contaminants
added to various lubricants could initiate scuffing in rubbing
contacts. Dalal et al (Refs.4-5) reported that ball bearing
lives in excess of 50 times ANSI/ABMA (American National
Standards Institute/American Bearing Manufacturers As-
sociation) bearing manufacturers’ catalogue calculations
(Refs.6-7) were achieved by operating with pre-filtered, ul-
traclean lubricant, in which the only source of metallic con-
tamination was the test bearing itself. However, Dalal et al did
not run a control test lot of bearings without filtration to de-

Reprinted with permission from the Society of Tribologists and Lubrication Engineers, a not-for-profit professional society

headquartered in Park Ridge, IL, www.stle.org
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termine the exact life improvement attributable to filtration.
They later induced raceway damage in their test bearings
with a hardness indenter in an attempt to simulate in-service,
contaminant-caused indentations; although reduced from
the ultraclean values, the fatigue lives were still longer than
the ANSI/ABMA calculations.

Fitzsimmons and Clevenger (Ref.8) carried out an exten-
sive test program with tapered roller bearings using a variety
oflubricants and contaminants with controlled particle sizes,
types, and concentrations. They noted that two-body wear
occurs when a hard, rough surface plows a series of grooves
in an opposing, softer surface. They stated that solid con-
taminants in lubricants are conducive to three-body abrasive
wear, which occurs when particles are introduced between
sliding surfaces and abrade material off both surfaces. They
added the caveat that a certain amount of abrasive wear may
be tolerable, depending on the application. As an example,
noise in gears that results from looseness in the bearing sys-
tem rather than from surface failure may constitute cause for
“failure” of the application.

In tapered roller bearings, wear normally occurs on the
surfaces where there is combined rolling and sliding contact;
for example, between the roller ends and the cone large-end
flange. Fitzsimmons and Clevenger found that wear of these
surfaces increased linearly with the concentration of hard
contaminant particles: In a discussion to the Fitzsimmons
and Clevenger paper (Ref.8) Kirnbauer and Ferris reported
that 3 pm filtration prevents circulation of the hard particles
that cause abrasive wear.

There were two independent investigations to determine
the effect of oil filtration on rolling-element bearing life.
These were those of Loewenthal et al (Refs. 9-11) from 1978 to
1982 for ball bearings at NASA Lewis (now Glenn) Research
Center in Cleveland, Ohio, and Bhachu et al (Refs. 12-13) for
roller bearings in 1981 at the Imperial College in London,
England. In general, the results reported by both Loewenthal
et al and Bhachu et al verified the trends of Tallian’s analysis
(Refs.1-2).

Subsequent to the research reported above, additional ex-
perimental and analytical studies have been made by other
investigators into the relationship between rolling bearing
life and the size, number, and types of particle contamina-
tion (Refs.14-20). Gabelli, Morales-Espejel, and Ioannides
(Ref.20) provide a comprehensive review of the literature,
analysis, and a limited database related to particle damage
in Hertzian contacts and rolling bearing life ratings. The re-
ported research results from these references were similar to
that reported by Tallian (Refs. 1-2), Fitzsimmons and Clev-
enger (Ref. 8), Loewenthal et al (Refs.9-11), and Bhachu et al
(Refs. 12-13). For a defined operating condition and bearing
size and type, bearing life was a function of lubricant cleanli-
ness and the number, size, and material properties of parti-
cles entering the Hertzian contact of the rolling-element and
raceway. However, there is conflicting opinion as to whether
the elastohydrodynamic (EHD) film thickness to surface
composite roughness, or the A ratio, mitigates the negative
effect of lubricant cleanliness on rolling-element fatigue life.
That is, is the effect of contamination on bearing life less se-

vere with increasing film thickness?

There are numerous published papers that have studied
the relation of debris dents on the EHD film thickness and
rolling-element fatigue. Most of these papers are summa-
rized and discussed by Gabelli, Morales-Espejel, and Ioan-
nides (Ref.20). Wedeven and Cusano (Ref.21) and Kaneta,
Kanada, and Nishikawa (Ref.22) experimentally studied the
effects of moving dents and grooves on the EHD film thick-
ness. Numerical solutions to the effect of simple debris dents
on the EHD film thickness and surface and subsurface stress-
es are given by Venner (Ref.23); Ai et al (Refs. 24-26); Nelias
and Ville (Ref.27); Ville et al (Refs.28-29); and Chapkov Co-
lin, and Lubrecht (Ref. 30). The results of these analyses and
experiments suggest that the debris dents reduce the EHD
film thickness at the dent site, increasing the contact and
subsurface stresses, thereby reducing rolling-element bear-
ing fatigue life.

In 1991, based on the research of Loewenthal et al
(Refs.9-11) and Bhachu et al (Refs.12-13), Needelman and
Zaretsky (Ref.31) presented a set of empirically derived
equations for bearing fatigue life adjustment factors (LFs) as
a function of the oil filter ratings (FR), where ,=200. These
equations for LF were incorporated into the reference book,
STLE Life Factors for Rolling Bearings (Ref.32). These equa-
tions (Ref.31) were normalized (LF=1) to a FR of 10 pm at
Bx=200 (normal cleanliness) as it was then defined by ISO
Standard 4572 (Ref.33) and a ratio of the EHD film thickness
to surface composite roughness, A, of 1.1.

For over two decades these life factors based on oil filtra-
tion (Refs.31-32) have been used in conjunction with ANSI/
ABMA standards (Refs.6-7) and bearing computer codes
(Ref. 34) to predict rolling-element bearing life. However, in
1999 filter ratings underwent a revision and improvement
(Ref. 35). They are now based on ISO 16889 (Ref. 36), replac-
ing the older and now disavowed ISO 4572:1981 (Ref. 33).

A primary difference between these filter ratings is how
particle size is specified and measured. The older filter test
method used particle counters calibrated per ISO 4402:1991
(Ref.37), with a variable material comprising irregularly
shaped particles — AC Fine Test Dust (AC FTD). The new fil-
ter test method employs particle counters calibration per ISO
11171:1999 (Ref. 38), based on spherical particles traceable to
a National Institute of Standards and Technology (NIST) ref-
erence material (SRM 2806, 1997) (Ref.39), providing more
accurate and verifiable results (Refs. 35 and 40). In addition,
the new filter rating method uses a somewhat different test
dust (ISO Medium Test Dust, ISO MTD) (Ref.41), replacing
the no-longer-available dust previously used, AC FTD.

The Needelman-Zaretsky life factors published in the early
1990s (Refs.31-32) do not correspond to this revised and im-
proved system of filter ratings. This paper focuses on the im-
proved methods for measuring filter performance (improved
filter ratings), and recalibrated bearing life factors incorpo-
rating these new ratings. The improved system of filter rating
provides more accurate measurement of industrial filter per-
formance, including performance improvements achieved
by advancements in the design, materials, and manufacture
of filters over the past 20 years.
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In 2007 the ISO Standard 281, “Rolling Bearings — Dy-
namic Load Ratings and Rating Life” (Ref.42), was radically
changed. It is based on the inclusion of a “fatigue limit” in
the bearing life calculations and the addition of a “contami-
nation factor for circulating oil lubrication with online fil-
ters” This “contamination factor” is based on the analytical
work of Toannides et al (Ref.17) and on a “cleanliness code
according to ISO 4406” (Refs.43-44). ISO 4406:1987 (Ref. 43)
is the cleanliness code based on particle counters calibrated
to the now obsolete ISO 4402 calibration (Ref.37) that used
irregularly shaped AC FTD. ISO 4406:1999 (Ref.44) uses the
approved ISO 11171 calibration method (Ref.38) based on
the NIST spherical-particle reference material. ISO 281:2007
(Ref.42) incorporates the new ISO 4406:1999 cleanliness
code (Ref.44) but does not specify filter ratings to the levels
of contamination.

Based on the above discussion it became the objective
of the work reported herein to 1) review methods and data
for determining the effects of lubrication oil particle quan-
tity and size for calculating the bearing Li; 2) experimentally
calibrate older filter ratings that used AC FTD to new filter
ratings using the NIST traceable particle counting calibration
and ISO MTD; 3) re-calibrate the Needelman-Zaretsky equa-
tions for determining the effect of oil filtration on rolling-ele-
ment bearing life to new filter ratings per ISO 16889 (Ref. 36);
4) determine filter ratings and related life

area (Fig.1) (Ref.45). Figure 1(a) illustrates the sequential
progression of a subsurface-initiated crack from a non-me-
tallic inclusion such as a hard oxide inclusion that acts as a
stress raiser. With repeated stress cycles the crack propagates
to form a crack network that reaches the surface, resulting in
a spall shown sequentially in the bearing race track. At this
point the bearing is no longer fit for its intended purpose and
should be removed from service. Bearing rating life L, as
defined by the standards ANSI 9-1990 (Ref.6), ANSI 11-1990
(Ref.7), and ISO 281:2007 (Ref.42), is based on subsurface
origin (classical)rolling-element fatigue (Ref. 45).

When the bearing is operated under conditions that de-
viate from the rating or reference condition, the fatigue ori-
gin can be of “surface” origin as illustrated in Figure 1(b).
In this instance the spall can initiate from a defect or stress
raiser on and/or near the surface of the bearing raceways
and/or rolling-elements (Refs. 45, 47-48). In the instance of
surface-initiated fatigue spall from hard-particle contamina-
tion, the load zone of the race and/or rolling-element is in-
dented by the contaminant (Fig. 2). The indent acts as a stress
raiser from which the crack initiates and then propagates to
form a crack network into the subsurface region of resolved
maximum shearing stresses (Fig. 1(b)). A spall similar in ap-
pearance to that of the surface-initiated spall is formed. The
characteristic difference between the surface- and subsur-

factors based on new cleanliness codes per
ISO 4406:1999 (Ref.44) for ISO 281:2007
(Ref.42); and 5) compare recalibrated filter
life adjustment factors to cleanliness rat-
ings presented in ISO 281:2007.

Hard oxide
inclusion —

Failure Morphology
It is generally accepted that if a rolling-ele-

ment bearing is properly designed, manu- Surface defect
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is extremely variable but also statistically A ,_: .E

predictable — depending on the steel type, ) O
steel processing, heat treatment, bearing

manufacturing/type, and operating condi- Figure 1 Subsurface- and surface-initiated rolling-element fatigue failures. For subsurface-initiated

tions. This type of fatigue is a cycle-depen-
dent phenomenon resulting from repeated
stress under rolling-contact conditions and
is considered high-cycle fatigue; Sadeghi et
al provide an excellent review of this failure
mode (Ref. 46).

Rolling-element fatigue can be simply
categorized as either surface- or subsur-
face-initiated (Fig.1). The subsurface-ini-
tiated fatigue failure is referred to as “clas-
sical” rolling-element fatigue. The fatigue
failure manifests initially as a pit or spall
thatis generally limited in depth to the zone
of the resolved maximum shearing stresses
and in diameter to the width of the contact
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failure, spall begins in subsurface region of maximum resolved shearing stresses. For
surface-initiated failure, spall begins at surface defect or discontinuity that acts as a stress
raiser. (a) Subsurface- initiated spall from hard oxide inclusion; and (b) surface-initiated
spall from debris indentation.

Direction of retation, w;
—- Inner race

dent or stress
raiser —,
%
N e Roller or ball

Normal load

'e Roller or
’ ball
¢

Debris particle — 1

’
Inner raceway —

Debris particle exit —/

Inner raceway —
Normal load

(a) Direction of rotation, w4 (b)
S

Figure 2  Stress raiser from indentation of debris particle entering Hertzian contact zone between
rolling-element and raceway.
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face-initiated spalls is that surface-initiated spalls result in
“arrowhead-type” geometry at the leading edge or point of
origin on the rolling-element or raceway surface (Fig. 1(b)).
The number, size, and material properties of particles en-
tering the Hertzian contact of the rolling-element and race-
way impact bearing life. The nature of the particles in the oil
is a function of several processes:
1. Manufacturing processes (swarf, chips, and grit)

2.Internal generation, including wear debris and chemical
attack on surfaces

3. Ingression from the environment (sand and dust)

4. Maintenance activities (making/breaking fittings and new
oil)

5. Lubricant breakdown products (sludges, precipitates, and
coke)

Typical particle size distributions from a variety of me-
chanical systems are shown in Figure 3 (Refs. 31 and 32). The
greater number of smaller particles in each of the lubrica-
tion systems is due in part to wear mechanisms that gener-
ate smaller particles and, in part, to removal processes that
tend to remove more large particles than small ones (Ref. 31).
Steele (Ref.49) reported a wide range of particulate levels in
unused turbine oils.

Work reported by Tonicello et al (Ref. 47)

105

_~—Paper machine, 21-um

& L7 filter per 1SO 16889
5 104 |- (25-um filter per IS0 4572)
2
i
°
c
c 103
';: ~— Transit bus transmission,
= /7 32-um filter per 1SO 16889
= A (40-um filter per 1ISO 4572)
2 102 |-
E‘ —T-56 gas turbine,
g , 32-um fiter per
= ISO 16889
E 101 |- (40-um filter per
2_ IS0 4572)
® “ Paper machine, "
£ B-um filter per “— Transit bus — AC Coarse
£ 100 |- ISO 16889 transmission, ', Test Dust
2 (7-um filter per B-um filler per \
s ISO 4572) 1SO 16889
E (7-um filter per
E 101 - T-56 gas turbine, 5-um 150 4572) AC Fine 7
E filter per 1ISO 16889 4 Test Dust
(3-um filler per ISO 4572)—
10-2 1 1 L 1 L [T |
1 5 10 20 30 40 50 60 7O 8090100

Particle size, pm

Figure 3 Comparing effect of oil filtration on particle contamination for
mechanical systems according to particle size calibration, per ISO
4402 (Needelman and Zaretsky (Ref. 31); Zaretsky (Ref. 32)).

showed that for pairs of disks in rolling
contact where one pair comprises silicon
nitride (Si3N4) against AISI M-50 bearing
steel, and the second pair comprises AISI
M-50 against AISI M-50, and the oil par-
ticle contamination is AISI M-50 wear de-
bris, the dent indentation on the raceway
of the respective AISI M-50 disk was three
times deeper with the Si3N4 disk than
with the AISI M-50 steel disk on a AISI
M-50 steel disk (Fig. 4). Greater stress con-
centration in the Hertzian contact results
from deeper dents. It can be reasonably
concluded that ceramic balls or rollers can

Load
movement

2r
_~— Original surface
0
E _2
£, M-50 mating
e -
a - disk
o
-6 F
_8 o
SizgN4 mating disk
_10 A i ' '
-100 -50 0 50 100

Load direction, um

lead to deeper dents in a mating steel race-
way (Ref. 47).

Morales-Espejel and Gabelli (Ref.50)
discuss “the different hypotheses available
to explain the interaction of sliding (and rolling) with the in-
dentation marks in both gears and rolling bearings” under
EHD lubrication. They present theory and analysis that are
qualitatively verified by experiment. The micropitting phe-
nomenon occurring around indentation marks is described
by them with the same physical model of Morales-Espejel
and Brizmer (Ref.51) that takes into account the progression
of surface fatigue induced by locally reduced lubrication con-
ditions.

Filter Rating Procedure
The basic procedure for rating filters is shown in the flow dia-
gram of Figure 5. During the multi-pass test, slurry of silica
particles is continuously fed into a recirculating system.
Particles flow into the filter, where some are captured, and
others return to the reservoir where they continue to recir-

Figure4 Dent profiles made on AISI M-50 steel disks by AISI M-50 particles. Mating disk (counter-
face) is Si3N4 or AlSI M-50 steel. Figure from Tonicello, et al (Ref. 47) (Courtesy of Maney
Publishing.)

A—
Test dust
slurry sy Automatic
| particle
I Downstream | counler
L
Differential T
pressure r;zst
gauge ilter

Automatic
= particle
Upstream counter
—_—

Variable speed pump

Figure 5 Basic multi-pass test procedure for filter rating using silica-based test
dust and in-line particle counting.
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culate. Throughout the test, particles upstream and down-
stream of the filter are quantified with electronic, automatic
particle counters. The filter factor, or filter rating, for particle
size x is defined as the ratio of upstream to downstream
counts recorded during the test, denoted B, and termed the

“beta ratio”:

1)
NU,
ND.,

B.=(Upstream counts >xum) + (Downstream counts > x ym) =

where NU, and ND, are the average number of particles
u stream and downstream of the filter, respectively,
ose particle size is greater than xum.

Or1g1nally, automatic particle counters were calibrated
using AC FTD, per ISO 4402:1991 (Ref.37). This material
comprises small, irregularly shaped particles of silica sand.
Although widely used, AC FTD lacked traceability, had
batch-to-batch variations, and reported size distributions of
dubious accuracy especially below 10 pm. In order to make
testing more reproducible, calibration methods were devel-
oped traceable to an NIST standard reference material, NIST
SRM 2806 (Ref.39). However, the new calibration method
(per ISO 11171:1999) (Ref. 38) reports the size of particles (in
micrometers) as the diameter of an equivalent sphere, rather
than the longest dimension as in the original method. These
alterations, in effect, changed the “micron ruler” As shown in
Table I (Ref. 38), the particle sizes originally below 10 um are
reported larger, and sizes above 10 um are reported smaller.
For example, a silica particle reported to be 3 um in size by

Table 1 Experimental Comparison of Contaminant Particle Size
Classification Based on I1SO Standards
Old Size, 1SO 4572:1981 New Size, ISO 16889:2008
Method (Ref. 33), ACFTD | Method (Ref. 36),1SO MTD
Calibration §,=200 (um) | Calibration B,,=200 (um)
1 4.2
2 4.6
3 5.1
5 6.4
7 77
10 9.8
15 13.6
20 17.5
25 21.2
30 29.4
40 31.7

a particle counter calibrated to the old standard is now re-
ported as 5.1 pm in size using the new calibration standard.
Along with calibrating automatic particle counters, AC
FTD was also used as the test contaminant in the previous
version of the multi-pass test. When it became unavailable
in the 1990s, an alternative test material with similar chemi-
cal composition and size distributions was adopted —ISO
MTD. Although using a slightly different test contaminant
influences test results, the changes are less significant than
those produced by the new particle size calibration described
above. The B, values obtained via the revised multi-pass test
(ISO 16889:2008) (Ref. 36), using ISO MTD and particle coun-
ters calibrated to the NIST standard, are now reported as P
values, where x is the micron size, per Equation 1, and c em-
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phasizes the new calibration method.

Twenty years ago, leading filter manufacturers rated filters
at the particle size xwhere ,=200 (Eq. 1). For example, a filter
rated at B;=200 has one out of every 200 particles equal to or
greater than 5 pm pass through the filter during testing. How-
ever, most engineers and end-users prefer to think of filter
ratings as the size where essentially no particles pass through
the filter. In an attempt to reach this ideal, many manufactur-
ers now also rate filters at the particle size x where ,=1,000.
At this higher rating, only one particle in 1,000 passes through
the filter during testing. Using the new ISO standard, modern

99.99 £ ; ;
= d /’
- ’l r
/ 47 B ey = 1000
4— " Vi ’
WU / 7

99.9 T 7~
_,‘f L ? / "Lg
o= Byx.fe) = 200

;21

TTTT

99

44/ /

Pamcle dia meter pm

TTTIT]

Percent of particles removed
above particle diameter

Representative results from multi-pass filter testing per
1SO 16889:2008.

Figure 6

filter ratings are B=200 and B.=1,000. Typical removal ef-
ficiency results are shown in Figure 6.

The removal efficiency E; of any particle size x can be re-
lated to the [ factor as follows: -
E.=(1-1/B,)x100

For any filter there is a large particle size above which es-
sentially nothing passes, :=10"and E.->100%. In contrast,
there is also a small particle size for which .21 and E.> 0%,
so that nearly all particles this size and smaller freely pass
through the filter and accumulate to copious amounts in re-
circulating systems. For intermediate sizes, a fraction of the
particles are captured and the rest pass downstream. As an
example, a filter with Bio=1,000 removes 99.9% of all par-
ticles 210 pm in size during a multi-pass test.

In summary, the changes to the ISO filter rating standard
were as follows:

1. Particle counter calibration

a. Changed from AC FTD to NIST calibration

b.Increased accuracy and reproducibility

c. Changed the “micron ruler”

2. Test contaminant

a. Changed from AC FTD to ISO MTD

b.Increased accuracy and reproducibility
3. Highest filter rating changed from . =200 to P.«=1,000

a. Closer to concept of “absolute rating”

Examples:

1. For Bs=200, 1 out of every 200 particles or 5 out of every
1,000 particles greater than 5 pm passes through filter
during test.

2. For B5=1,000, 1 out of every 1,000 particles greater than
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5 um passes through filter during test.

Results and Discussion

In 1991, based on the experimental research of Bhachu et al
(Refs.12-13) and Loewenthal et al (Refs.9-11), Needelman
and Zaretsky (Ref.31) presented a set of empirically derived
equations for bearing fatigue life (adjustment) factors (LF)
as a function of oil filter ratings (FR). These equations were
normalized (LF=1) to a 10 um filter rating at normal cleanli-
ness (as it was then defined, where 8,=200 per ISO 4572:1981
(Ref.33). The life factor equations were incorporated into
the reference book, STLE Life Factors for Rolling Bearings
(Ref. 32).

The Needelman and Zaretsky oil filtration life factors
(Ref.31) have been used in conjunction with ANSI/ABMA
standards (Refs.6-7) and with bearing computer codes
(Ref.34). Experimental studies made by other investigators
verify the relationship between rolling-element bearing life
and the size, number, and types of particle contamination
(Refs.1-2; 4-5; 8, 14-20; 47-48). The ISO 281:2007 (Ref.42)
incorporates a rolling-element bearing life factor based on
lubricant cleanliness and EHD film thickness based on the
work of Ioannides et al (Ref. 17) but does not relate the lubri-
cant cleanliness to the filter ratings.

Filter ratings have been revised and improved (Ref.35).
They are now based on an upgraded filter rating method per
ISO 16889:2008 (Ref. 36), employing particle counts calibrat-
ed to an NIST standard (Refs. 36 and 39). The work reported
here was undertaken to calibrate the “old” and obsolete filter
ratings to the “new” filter ratings, and to recalibrate the previ-
ously published bearing life factors based on the old filter rat-
ings to life factors based on the new filter ratings. The revised
rolling-element bearing life factors were then compared to
the life factors in the ISO 281:2007 Standard (Ref. 42) that are
based solely on lubricant cleanliness levels.

Recalibration of Filter Ratings

Old B.=200 filter ratings (AC FTD calibration) were con-
verted to new [, =200 filter ratings using Table I and plotted
in Figure 7. Although this transformation does not take into
account the change in test contaminant to ISO MTD, altera-
tions in counter calibration dominate over the change in test
contaminant. The equation relating old =200 filter ratings
(FRovpa0e) With new By =200 filter ratings (FRyzwzo0) iS:

(3a)
FRuewz0=0.722 (FROLDZOO) +2.97
or
(3b)
FR[sx(,.)zoo =0.722 (FRLLZOO) +2.97
and
(4a)
FRovpzo0=1.39 (FRyguwan) —4.11
or
(4b)

FRpxzoo = 1 .39 (FRBx[c)200) - 4. 1 1

Multi-pass filter tests were then performed according to
the new ISO 16889:2008 (Ref.36) method using 25 different
filters over a wide range of filter efficiencies from five differ-
ent manufacturers. This allowed plotting B, = 1,000 filter rat-
ings with B, =200 ratings. The relationship is plotted in Fig-
ure 8, and approximated by the equations:

NN W W
o wvon
T 1

200 filter rating,
FRpz00 based on
ISO 16889:2008, um
o
|

-
o
[

“z.(ci

| | | |
0 5 10 15 20 25 30 35 40

o o;

fix = 200 filter rating, FR, based on ISO 4572:1981, um

Figure 7 Comparison of new filter ratings — based on 1SO 16889:2008 using
spherical particle calibration per ISO 11171:1999 — with obsolete
filter ratings based on 1SO 4572:1981 using AC FDT calibration, per ISO

4402:1991.
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Figure 8 Comparison of B, = 1,000 filter ratings with B, =200 filter ratings;
filters tested, per ISO 16889:2008.
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Figure 9 Comparison between S, = 1,000 filter ratings based on ISO
16889:2008 and B, =200 filter ratings based on obsolete ISO
4572:1981.
(5a)
FRyewio00=1.77 (FRNngoo) +0.650
or
(5b)
FRBW)IUOO =1.77 (FRB)(C)QU()) +0.650
an
(6a)
FRNEWZOO = 0.855 (FRNEWI()()[]) - 0.556
or
(6b)

FRBX([)ZOO = 0.855 (FRBX(L‘)]UOO) - 0.556

By cross-plotting the data of Figure 7 with that of Figure 8,
a relation between old and obsolete $,=200 filter rating and
new filter rating f,»=1,000 is obtained (Fig.9), as described
by the equations:
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(7a)
FRuywionn=0.848 (FROLDzoo) +4.14
or
(7b)
FRB"(LJIOOU =0.848 (FRLixzoo) +4.14
and
(8a)
FRovp200=1.18 (FRyewon0) —4.88
or
(8b)

FRB[ZOU = ]. .18 (FRBx(c)lo()U) - 4.88

Rolling Bearing Fatigue Life Factors
There were two independent investigations to specifically de-
termine the effect of oil filtration on rolling-element bearing
life. These were the studies of Loewenthal et al. (Refs.9-11)
and Bhachu et al (Refs. 12-13).

Roller bearings. Bhachu et al (Refs.12-13) used a gear
test machine to generate wear debris. The gear wear debris,
verified by ferrography to be representative of that found in
helicopter gearboxes, was used as the contaminant. Rolling-
element fatigue tests were conducted with 25 pm bore roller
bearings having a 2,957 N radial load. For each test series,
gear oil flow was passed through one of four possible filters
of different ratings from 2.5-40 pm or through an electromag-
netic separator and continuously supplied to a parallel roller-
bearing fatigue tester. EHD film thickness and A values dur-
ing testing are shown in Table 2.

Significantly, tests run with 40 pm filtration for only 30 min
before switching to 3 um filtration showed substantially the
same lives as if all running had been with a 40 pm filter. Ap-
parently the early damage could not be healed, at least in
these small roller bearings. The test results are also shown in
Table 2. These results show that life increased with improved
filtration.

The original filter ratings were based on the old filter rat-
ing method, ISO 4572:1981 (Ref. 33), with 3,=200. From these
roller bearing life data (Table 2), it was assumed (Ref. 31) that
the filter life factor takes the following form:

LF=~C,(FR)“

(92)

C, is an empirically determined constant and C, is an
empirically determined exponent. The experimentally de-
termined Ly, lives from Table 2 for filter ratings B..0=3 and
25 pm are 8 and 2.5 million inner-race revolutions. Solving for

C, and C, and normalizing LF=1 when FR=10um at ,=200
(normal cleanliness), the following empirical relation was

obtained:
(9b)
LF=3.5(FRowpz0) "%
or
(9¢)
LF=~3.5(FRy00) "%
Substituting the new filter ratings into Equation 9, from
Equations 4 and 8, respectively, allows calculating bearing
life factors for new filter ratings. For B..)=200:

(10a)
LF=3.5 [1-39 FRypynoo—4.1 1]’0'55
or
(10b)
LF=~3.5[1.39 FRyyg200— 4.11] %
For Equation 10, where FRBX(E)ZOO <4, LF=2.38.
For Bx(c] = 1,000'
(11a)
LF=3.5 [1 .18 FRxew1000 — 4.88]’0'55
or
(11b)

LF=3.5[1.18 FRpy(¢)200— 4.88] %
For Equation 11, where FRg\n000<5, LEF=3.5.

Using Equation 9, the L, lives for roller bearings were pre-
dicted by normalizing Equation 9 to the experimentally ob-
tained Ly, life, using the 3 pm-rated (B.=200) filter. These re-
sults are presented in Table 2 for comparison purposes.

The post-test inner-raceway measurements for 40pm
(B.=200) filtration showed greater out-of-roundness than in
the untested bearing. Less out-of-roundness was observed
with finer filtration down to the 8 pm (B.=200) rating. Virtual-
ly no out-of-roundness was observed when the 3 pm (8,=200)
filter was used. Below the 3 pm (f,=200) level the measure-
ment was similar to that of the un-used bearing. Bhachu et
al (Refs.12-13) suggested that particles smaller than 3 pm
(B.=200) were too small to have any effect on roundness and
merely passed through the contacts of the rollers and race-
ways.

There is a strong suggestion from the data of Table 2 that the
lack of contamination contributes to improvement in bearing
raceway surface finish during operation. There appears to be
a correlation between the lubricant film parameter A after
testing and rolling-element fatigue life as evidenced by the

Table 2 Effect of Qil Filtration on the Rolling-Element Fatigue Life of 25-mm-Bore Roller Bearings®

Experimental Life,
Millions of Inner-Race Revolutions
. . Composite Surface | Calculated |.. 90% 90% . . Predicted L,, Life from
Testzglé)eg Rating Rou;hness, o after |Film Thickness F'fltm I;_arat[netel{ L:Ifo*’/z Confidence L'SfO‘VZ Confidence ;’IV eibull I;a:urf Eq.[9], 10° ;:mer-Race
(B=200) (pm) testing (um) (um) after lesting, 1€ Lol | imits 1€, Lsol | imits ope, m ndex Revolutions

40 0.41 0.58 1.4 1.5 1.0-2.0 2.1 1.9-2.3 5.8 10 out of 10 1.9

25 0.36 0.58 1.6 2.5 2.0-3.0 3.0 2.9-3.1 9.4 10 out of 10 2.5

6 0.32 0.58 1.8 4.5 3.4-5.8 5.9 5.4-6.3 7.0 10 out of 10 5.5

3 0.26 0.58 2.2 8.0 5.5-11.6 12.0 10.7-13.5 4.7 10 out of 10 8.0°

2.5 0.22 0.58 2.6 6.5 3.6-11.8 12.4 9.9-15.5 2.9 10 out of 10 8.8

Magnetic 0.20 0.58 2.9 5.0 2.9-8.5 10.0 8.3-12.0 3.2 10 out of 10 —

40 0.41 0.99 2.4 1.8 - 3.3 - 3.1 10 out of 10 2.2

3 0.26 0.99 3.8 9.3 = 16.2 - 3.4 10 out of 10 9.3¢

40/3¢ 0.41 0.99 2.4 1.7 — 3.1 — 3.3 10 out of 10 2.2

Radial load, 2,975 N; original surface composite roughness (rms) 0.33 um. From Bhachu, et al. (12) and Sayles and Macphearson (13).

a)
b) Number of fatigue failures out of number of bearings tested.
¢) Life prediction normalized to 3-um filter, 8,=200.

d) Test run with 40-pm filter for 30 min before switching to 3-pm filter.
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data.

Ball bearings. Loewenthal et al (Refs.9-11) performed a
series of tests to measure the quantitative effects of filtration
on rolling-element fatigue life. Four levels of filtration were in-
vestigated using full-flow (B,=200) filters rated at 3, 30, 49, and
105 pm. The 3 pum (B.=200) filter used for these tests had been
developed to replace the original 40 um (f3,=200) filter for a he-
licopter gas turbine lubrication system. During service these
new filter elements were not only found to provide a much
cleaner lubricant — with less component wear — but contrary
to prior belief, to also greatly extend the time between filter
and oil changes — as discussed by Loewenthal et al.

The test bearings were 65pum deep-groove ball bearings
run at 15,000 rpm under a radial load of 4,580 N, which pro-
duced a maximum Hertz stress of 2,410 MPa. The lubricant
contaminant rate was 0.125-g/hr-per-bearing. The test en-
vironment was designed to simulate an aircraft lubrication
system containing multiple bearings, pumps, and other com-
ponents commonly found in such systems. Test temperature
was 347 K. The test lubricant was a MIL-L-23699-type, which
produced a A value of 3.3, based on race and ball pre-test sur-
face finish measurements. The test contaminant was similar
to the particulate matter found in the lubricant filters of 50
IT8D commercial engines (Jones and Loewenthal (Ref.52)).
Because this engine has a number of carbon-graphite bearing
sump seals, replication of oil contaminants in engines with
“windback-type” labyrinth seals demanded the use of a con-
taminant made of 88 percent carbon-graphite dust, 11 per-
cent Arizona test dust, and 1 percent stainless steel particles.

The results of these tests are summarized in Table 3. As
with the work of Bhachu et al (Refs. 12-13), improved filtra-
tion increased bearing life. However, for the contaminated
tests there appears to be no statistical difference in life ob-
tained between the 3- and 30 um filters. Because of the severe
wear obtained, the contaminated 105 pm filter test series was
suspended after 448 hours on each bearing. No fatigue fail-
ures were encountered due to the gross wear of the bearing
races. Based upon the test results between the 3- and 49 ym
filters, the following life relation is suggested from the data for

Bx=200 filter rating for ball bearings:
(12a)

LE=~1.8 (FRowos) "%

or
(12b) LE = 1.8 (FRy 200) %

Using Equation 12, the L, lives of ball bearings were pre-
dicted by normalizing Equation 12 to the experimentally ob-
tained L, life using the 3 um (B,=200) rated filter. These re-
sults are presented in Table 3 for comparison purposes.

Substituting the filter rating for FR ($,=200) from Equa-
tions 4 and 8, respectively, into Equation 12, filter life factors
can be calculated for the new filer ratings where:

1. For B =200 filter rating:

(13a)
LF~1.8 [139 (FRNszoo) -4.1 1]’0'25
or
(13b)
LF~1.8(1.39 (FRyyp00) - 4.11]°%
for Equation 13, where FR g0 < 4, LF~1.6.
(14a)
LF=~1.8[1.18 (FRygwion) —4.88]%
or
(14b)

LF~1.8[1.18 (FRy01000) - 4.88] °%
For Equation 14, where FR ¢ 1,000< 5, LF~1.8.

Table 4 provides results from Equations 6, 9, and 12 for
various filter ratings. The resultant life adjustment factors
can be used to adjust the calculated bearing L,, or catalog life
to account for filtration level in the lubricant system. These
LF values are normalized to filter ratings (FR) of 10 pm at
Bxo=200 and 13 pm at B,,=1,000 (normal cleanliness) and
are independent of the A and/or x values, loading conditions,
and bearing size. Based upon the data of Loewenthal et al
(Refs.9-11), it is not recommended to use a life adjustment
factor less than 0.5—even when no filter is used. Further,
Equations 9 and 12 may reflect the differences in the effect of
particle damage between roller and ball bearings.

Technology for improved oil filtration is commercially
available. By minimizing the number of harmful particles
entering a rolling-element bearing, oil filtration can substan-
tially extend bearing life. In addition to machine-generated
wear debris and ambient mineral dusts, all-too-frequent high
contamination levels in new oil also requires good filtration.

No reported testing has been performed comparing grease
lubrication, which entraps wear debris, with oil lubrication

Table3 Comparison of Ball Bearing Fatigue Life Results with Ultra-Clean Lubricant and Different Levels of Filtration in a

Contaminated Lubricant®

Experimental Life Confidence
(h) Number (%)°
Test Series. _ |Test filer Rating [10% Life,|50% Life,| Weibull | Failure L L Predicted L10 Life
(Lubricant Condition)| (B.>200) (um) Lo Lss, |Slope,m| Index" 1 % | from Eq.[12] (h)
Ultraclean 3 1,099 1,741 4.1 5out of 9 - - 1,099¢
Clean (Baseline) 49 672 2,276 1.5 9outof32| 76 - 547
Contaminated 3 505 993 28 |10outof16| 93 99 505°
Contaminated 30 594 857 5.1 11outof 16| 96 99 284
Contaminated 49 367 533 5.1 20 outof32| 99 99 251
Contaminated 105¢ — — — - - - 208

a) Radial load, 4,580 N; speed, 15,000 rpm; temperature, 347 K; test lubricant, MIL-L-23699 type; film parameter A, 3.3. From Loewenthal, et al. (9)-(11).

b) Number of fatigue failures out of number of bearings tested.

¢) Probability (expressed as a percentage) that bearing fatigue life in a given test series will be inferior to the life obtained with ultraclean lubrication. A 90% or

greater confidence number is considered statistically significant.
d) Life prediction normalized to 3-um filter, 3,=200 and L,,=1,099 h.

e) Test series was suspended after 448 test hours on each of the test bearings due to excessive bearing wear. No fatigue failures were encountered.

f) Life prediction normalized to 3-um filter, 3,=200 and L;,=505 h.
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Figure4 Needelman-Zaretsky Oil Cleanliness (Filter) Life Factors (Lfs) Based on Oil Filter Rating (Fr)

Filter Rating, FR (um) Life Factor, LF
(Old) B,=200 |(New) B,=200 Eq. [3]| (New) B, =1,000 Eq. [7] | Roller Bearing, Eqs. [9]-[11] | Ball Bearing, Eqs. [12]-[14]
3 5 7 2.0 1.4
6 7 9 1.4 1.2
8 9 11 1.1 1.1
10° 10 13 1.0 1.0
12 12 14 0.9 1.0
25 21 25 0.6 0.8
40 32 38 0.5 0.7
49° 38 46 0.4° 0.7
60° 46 55 0.4° 0.6
105° 79 93 0.3° 0.6

a) Normalized to FR=10 um at (3,=200).

b) For filter ratings at 3,=200 exceeding 40 pm; with no filtration it is not recommended to use LF <0.5.

for the same bearings, with or without oil filtration. It is sug-
gested that for long-term application a LF=0.5 for grease lu-
brication be considered the same as oil lubrication for bear-
ings without filtration where no periodic re-greasing of the
bearing occurs. Where the bearing is continuously or peri-
odically re-greased, a LF=1 should be considered.

Comparison of Filter Life Factors (FLFs) to ISO Standard
281:2007

In 2000 the International Organization for Standardization
(ISO) modified the standard ISO 281:1990 — “Rolling Bear-
ings: Dynamic Load Ratings and Rating Life” —to include a
fatigue limit (Ref.53). The endurance or fatigue limit as ap-
plied to rolling-element bearings is based on the theoretical
work presented in 1985 by Ioannides and Harris (Ref.54). It
is a theoretical load or shearing stress (based on a Hertzian
contact stress) below which no fatigue failure is assumed to
occur, and therefore where fatigue life is infinite. ISO 281:2007
replaced ISO 281:1990, as modified in 2000. The 2007 stan-
dard adopted the 1999 approach to bearing life calculations
presented by Ioannides, Bergling, and Gabelli (Ref.55), and
includes the effects of lubricant contamination on bearing
life.

The ISO 281:2007 Standard (Ref. 42) incorporates a new ser-
vice life formula that integrates all life adjustment factors LFin
what is now called a;so. The life factor arsoincludes four inter-
dependent factors: 1) lubrication regime, k; 2) lubricant con-
tamination or oil cleanliness, e 3) applied dynamic equiva-
lentload (applied load) to the bearing, P; and 4) fatigue load or
stress endurance limit of the bearing material, C..

(15)

ecCy
(llso:f[ FP ;K].

From the ISO 281:2007 Standard (Ref. 42) p. 24 —

“..when the lubricant is contaminated with solid particles,
permanent indentations in the raceway(s) (and rolling-
elements) can be generated when these particles are over-
rolled. At these indentations local stress risers are generated
which will lead to a reduced life of the rolling bearing. This
life reduction due to contamination in the lubricant film is
taken into account by the contamination (life) factor ec.”

In the ISO 281:2007 Standard (Ref. 42), the contamination
factor ec is given in a table based upon levels of contamina-
tion that are not tied to specific filter ratings.
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The standard states that the contamination life factor is de-
pendent on the following:

o Type, size hardness and quantity of the (contaminant)
particles

o EHD lubricant film thickness (viscosity ratio, k)
 Bearing size (bearing pitch diameter, D,)

The lubrication regime is defined by EHD theory; in the
standard it is defined by the parameter k, the ratio of the
actual viscosity of the lubricant in the bearing at operating
temperature to a reference viscosity. The reference viscosity
is that which would produce a lubricant film thickness equal
to the composite surface roughness of the rolling-element
and the raceway, or A=1.Ifk<1, the contact is in a boundary
lubrication regime where the surface asperities of the rolling-
element and the raceway are in contact. It is preferable to
operate the bearing in a lubrication regime where k>1. As
increases, bearing life increases. The x value in the standard
is based on what is termed in EHD theory as the “lubricant
factor,” or A. The A is equal to the EHD film thickness & divid-
ed by the composite surface finish o of the rolling-elements
in contact with the raceway:

(16a)
-

where
(16b)

o=(ct+03)"

and o, and o, are the root mean square (rms) surface rough-
ness of contacting bodies. Unfortunately, in the ISO 281:2007
Standard (Ref. 42), x is based on an undefined lubricant and
lubricant properties, and an undisclosed composite surface
finish, 6. However, from the standard where A can be calcu-

lated:
17)

KZA]'S

An approximate correlation can be established between fil-
ter ratings and the contamination levels. For example, BFPA/
P5:1999 (Ref.56) correlates ISO contamination levels with
Bx=75 and B.=200 filter ratings. Using a similar approach,
we correlated filter ratings at B.=1,000 per ISO 16889:2008
(Ref.36) to the contamination levels listed in ISO 281:2007
(Ref.42). These contamination levels and filter ratings, to-
gether with the life factor e, are shown in Table 5. Also listed
are the Needelman-Zaretsky filter life factors at B.=1,000,
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Table5 Comparison of Effect of Oil Filter Rating on Rolling-Element Bearing Fatigue Life Factor (Lf) Between I1SO 281-2007

(Ref. 42) and Needelman- Zaretsky, Equations 11 and

Filter Rating (pm),

Level of Contamination® (B =1,000)

14

Contamination Life
Factor, e’

Needelman-Zaretsky Filter Life
Factor, LF

D,

<100 mm|D,>100 mm | Roller Bearing | Ball Bearing

Extreme cleanliness (particle
size of the order of lubricant film
thickness; laboratory conditions)

<4

1 1 35 1.8

High cleanliness (oil filtered
through extremely fine filter;
conditions typical of bearing

greased for life and sealed)

0.8-0.6 0.9-0.8 3.5-13 1.8-1.2

Normal cleanliness (oil filtered
through fine filter; conditions
typical of bearings greased for life
and shielded)

10-14

0.6-0.5 0.8-0.6 1.2-0.9 1.1-1.0

Slight contamination (slight

contamination in lubricant) 15-24

0.5-03 0.6-0.4 0.9-0.6 1.0-0.8

Typical contamination (conditions
typical of bearings without
integral seals; coarse filtering;
wear particles and ingress from
surroundings)

25-34

0.3-0.1 0.4-0.2 0.6-0.5 0.8-0.7

Severe contamination
(bearing environment heavily
contaminated and bearing
arrangement with inadequate
sealing)

>35

0.1-0 0.1-0 0.5 0.7-0.5

Very severe contamination None

0.5 0.5

from Equations 11 and 14 for comparison purposes.

The contamination life factors e-from ISO 281:2007 (Ref. 42)
are differentiated by both filter rating and bearing pitch di-
ameter. The Needelman-Zaretsky life factor equations do not
differentiate based on bearing size but do distinguish be-
tween ball and roller bearing types (Ref. 31).

Although we consider the effect of A on rolling-element
fatigue life independent of and separate from the filter life
factors, the Needelman-Zaretsky life factors (Ref.31) are nor-
malized at A=1.1 and LF=1.

The contamination life factor ec from Table 5 can be used to
adjust the calculated bearing L,, or catalogue life to account
for filtration level in the lubricant system; these results are
shown in Table 6. The values of e for D,< 100 mm were used.
For the data of Bhachu et al (Refs. 12-13), k=2.8. For the data
Loewenthal et al (Refs.9-11), k=4.7. For each respective set

of data the EHD film thickness was assumed by us to remain
unchanged. Hence the effect of A and/or k was not factored
into the predicted lives shown in Table 6.

The results from the Bhachu et al (Refs.12-13), and
Loewenthal et al (Refs.9 and 11), suggest the following: 1)
for filtration levels between 4 and 34 pm at B,=1,000, rep-
resenting “extreme cleanliness” to “typical contamination,”
the ISO 281:2007 Standard (Ref.42) provides a reasonable
qualitative estimate of the effect of particle damage on rolling
bearing life; and 2) at conditions of severe contamination and
above where the filter ratings are >35pm at B,,=1,000, the
ISO 281:2007 Standard (Ref. 32) correlates with the Bhachu et
al results. In contrast, the ISO 281 is conservative compared
to the Loewenthal et al test results. This may be attributed to
the use in the Loewenthal et al tests of a contaminant based
on carbon-graphite particles that may act as a solid lubricant

Table 6 Comparison of Predicted Rolling Bearing Fatigue Lives Based on Contaminant Life Factor, ec, From Table 5

Level (of Contamination _Test FiIter_Rating Lqo Life, Inngr-Race C o|:1rte : nlfitne: nLt1i‘.ili’lefeF:catsoerde??0°
see Table 5) B.o=1,000 (B,=200) (um) Revolutions Inner-Race Revolutions
Roller bearing data from Bhachu, et al. (12) and Sayres and Macphearson (13), Table 2
High cleanliness 6.5 (2.5) 6.5%x10° ~9%x10°
High cleanliness 7°(3) 8.0° 8
Normal cleanliness 10 (6) 45 ~6
Typical contamination 32 (25) 25 ~3
Severe contamination 46 (40) 1.5 ~1
Ball bearing data from Loewenthal, et al. (9)-(11), Table 3
High cleanliness 7°(3) 455x10° 455x10%
Severe contamination 36 (30) 535 ~56
Severe contamination 56 (49) 330 ~56
Severe contamination 116 (105) 403° ~56

a) Normalized to 7-um filter rating where B, =1,000 for high cleanliness level of contamination.
b) See Table 3. Test series was suspended after 448 test hours on each of the test bearings because of excessive wear. No fatigue failures were

encountered.

SEPTEMBER 2015 Power Transmission Engineering 57



| TECHNICAL]

while the ISO 281 life ratings are primarily concerned with
common hard steel contamination that can be found in in-
dustrial gearboxes and used by Bhachu et al in their tests.

Gabelli, Morales-Espejel, and Ioannides (Ref.20) provide
a discussion of the theoretical basis for the calculation of
the contamination factor ec that correlates with the curves
of contaminant life factors vs. k values presented in the ISO
281:2007 Standard (Ref.42) and the contaminant life factors
presented in Table 5 that are from the standard. According to
Gabelli, Morales-Espejel, and Ioannides (Ref. 20), the follow-
ing variables should apply in determining a contamination
factor ec: (Ref. 1) mean bearing (pitch) diameter; (Ref. 2) level
of contamination (filter size); and (Ref.3) lubrication rating
of the bearing (k value). Gabelli, Morales-Espejel, and Ioan-
nides reduce the variables by the elimination of the fatigue
limit. Their theoretical results were similar to those in Annex
A of the ISO 281:2007 Standard (Ref. 42).

There is an issue as to whether the EHD film thickness or A (k
value) mitigates the negative effect of lubricant contamination
on rolling-element fatigue life. That is, is the effect of contami-
nation on bearing life less severe with increasing film thick-
ness? In order to benchmark their analysis, Gabelli, Morales-
Espejel, and Ioannides (Ref.20) presented endurance data of
172 bearing population samples obtained over several years
comprising 14 types and sizes of rolling-element bearings. It
was reported by them that “Each bearing sample is normally
formed of a group of 30 bearings; several thousand bearings
were endurance tested for this set of experimental results.”

The Gabelli, Morales-Espejel, and lIoannides data for A
values varying from 0.4-2.9 (k=0.3-4) comprises three con-
tamination levels. They classified their contamination condi-
tions as follows:

1. The first contamination condition was classified as
their “standard cleanliness tests.” The filtration level at
Bxo=1,000 was <7 pum and their range for e varied from
0.8-1, or equivalent to “high cleanliness” in Table 5.

2. The second contamination condition was classified as
“slight contamination,” or equivalent to 3= 1,000 filter
range of 15-24 ym in Table 5. They reported that under the
given test conditions the expected contamination (life)
factors ec can range from 0.3-0.5; their actual life data
showed e values that ranged from 0.1-0.5.

3. The third contamination condition was classified as

“typical to severe contamination.” From Table 5 this

would comprise B.)=1,000 filter range of 25 pum or

greater — although no filters appear to have been used in

this test series. Their actual life data showed e values that

ranged from 0.01-0.3.

The Gabelli, Morales-Espejel, and Ioannides experimental
data, if statistically significant, shows a relation between the
contaminant life factors ecand k —as presented in Annex A of
the ISO 281:2007 Standard (Ref. 42).

In 1985 Lorosch (Ref.14) reported that “The influence of
contaminants is great with small bearings, and decreases
with increasing bearing size. Consequently large bearings
have a larger capacity than calculated” In other words, for
a particular contamination level or oil cleanliness the effect
of lubricant contamination is less severe for larger-pitch di-
ameter bearings than for smaller-pitch diameter bearings.
The effect of bearing size on the contamination factor e is
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incorporated in Annex A and Table 13 (Table 5 of this paper)
of ISO 281:2007 Standard (Ref. 42). For pitch diameters rang-
ing from 25-2,000 mm the contamination (life) factors e in-
creased with increasing pitch diameter or bearing size. That
is, the larger the bearing the less effect of contamination on
the life of the bearing.

The pitch diameters for the bearing tests reported by
Gabelli, Morales-Espejel, and Ioannides (Ref.20) were be-
tween 25-200 mm. Their data did not show a statistical rela-
tion between the contamination levels and bearing size. They
explained, “The range of bearing sizes limited the range for
comparison with bearing size.” However, the sizes and types
of bearings were reasonably representative of those used in
most rotating machinery applications.

A comparison of the data in Table 2 for the roller bearings
from Bhachu et al (Refs.12-13) —and the data for ball bear-
ings in Table 3 from Loewenthal et al (Refs.9-11) — suggests
that the roller bearing lives are more sensitive to changes in
contamination level than those of the ball bearing. This is re-
flected in the Needelman-Zaretsky contamination life factors
in Table 5.

Summary of Results
In 1991 Needelman and Zaretsky (Ref.31) presented a set of
empirically derived equations for bearing fatigue life (adjust-
ment) factors (LF) as a function of oil filter ratings (FR). These
equations for life factors were incorporated into the reference
book, STLE Life Factors for Rolling Bearings (Ref.32). These
equations were normalized (LF=1) to a 10 um filter rating at
B.=200 (normal cleanliness) as it was then defined and A of
1.1. Over the past 20 years these life factors based on oil filtra-
tion have been used in conjunction with ANSI/ABMA (Amer-
ican Bearing Manufacturers Association) standards and
bearing computer codes to predict rolling bearing life. Also,
additional experimental studies have been made by other
investigators into the relationship between rolling bearing
life and the size, number, and types of particle contamina-
tion. During this time period filter ratings have also been
revised and improved and are now based on particle counts
calibrated to a NIST standard reference material in the ISO
11171:1999 Standard (Ref. 38). It was the objective of the work
reported herein to 1) review methods and data for determin-
ing the effects of lubrication oil particle size for calculating
the bearing L, or catalog life; 2) experimentally correlate
older and/or obsolete filter ratings and the new ISO filter rat-
ings; 3) re-calibrate the Needelman-Zaretsky equations for
determining effect of oil filtration on rolling-element bearing
life to the new filter ratings; 4) relate the new filter ratings to
contamination levels listed in the ISO 281:2007 Standard; and
5) compare recalibrated filter life adjustment factors to those
cleanliness ratings presented in ISO 281:2007 (Ref. 42).
The following results were obtained:

1. Using two transformations, obsolete filter ratings can
be converted to new ISO filter ratings and vice versa.
Approximate equations relating the old f.=200 FR values
with the new B,)=200 and B, =1,000 FR values are:
For new B, =200 filter rating;
FRyo200=0.722 (FRgo00) + 2.97

For new B, =1,000 filter rating;
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2.

FRy(1,000=0.848 (FRpy200) +4.14
Two separate sets of life factors (LF) based on lubricant
cleanliness for roller bearings and ball bearings,
respectively, were derived based on the new =200
and B,»=1,000 ISO filter ratings. These LF values are
normalized to FR values of 10 pm at . =200 and 13 pm
at By»=1,000 and are independent of A and/or k, loading
conditions, and bearing size. These are:
For roller bearings and new [, =200 filter rating;
LF=3.5[1.39 (FRyxoo00) - 4.11] %%
For roller bearings and new B, =1,000 filter rating;
LF=3.5 [1.18 (FR[;X(,,-) 1,000) — 4.88]70'55
For ball bearings and new B,y =200 filter rating;
LF=1.8 [1.39 FRﬁx(c)Z()ﬂ] -4.1 1]70'25

For ball bearings and new f,)= 1,000 filter rating;
LF=1.8[1.18 (FR gy 1,000) - 4.88] %

.ISO 281:2007 Standard provides a reasonable qualitative

estimate of the effect of particle damage on rolling-
element bearing fatigue life for filtration ratings ranging
from < 4 pm at B,y = 1,000 (extreme cleanliness) up to
B340 =1,000 (typical contamination). At conditions of
severe contamination and above, where the filter ratings
are 235 pm at B, = 1,000, the ISO 281:2007 Standard
correlated with test results obtained with common hard
steel contamination that can be found in industrial
gearboxes. PTE
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Level of Contamination by Solid Particles,” ISO 4406:1999. publications, including international standards and handbook chapters. He

45. Moyer, C. A. and E. V. Zaretsky. “Failure Modes Related to Bearing Life,” was also the lead author for AWEA-Recommended Practices for Wind Turbine
STLE Life Factors for Rolling Bearings, Zaretsky, E. V. (Ed.), 1992, pp Gearbox Filtration. In addition, he is an Adjunct Professor of Chemistry at SUNY-
47-69, Society of Tribologists and LubricationEngineers: ParkRidge, IL. Suffolk and at the U.S. Merchant Marine Academy.

46. Sadeghi, F, B. Jalalahmadi, T.S. Slack, N. Raje and N.K. Arakere. “A Erwin V. Zaretsky, PE is an engineering consultant to
Review of Rolling-Contact Fatigue,” Journal of Tribology, 2009, 131 (4). industry and government, a noted speaker and teacher,

and author of more than 200 technical papers and

two books. He retired as Chief Engineer/Materials and
Structures at the NASA Glenn Research Center where he
retains an emeritus position as Distinguished Research

47. Tonicello, E., D. Girodin, C. Sidoroff, A. Fazekas and M. Perez. “Rolling
Bearing Applications: Some Trends in Materials and Heat Treatments,”
Materials Science and Technology, 28 (1), 2012, pp 23-26.

48. Girodin, D., E Ville, R. Guers and G. Dudragne. “Rolling Contact Fatigue Associate. A 1957 graduate of the lllinois Institute of
to Investigate Surface Initiated Damage and Tolerance to Surface Technology in Chicago—and with a 1963 doctorate
Dents,” Bearing Steel Technology, Beswick, J. M. (Ed.), pp 263-281, from Cleveland State University — Zaretsky is a former
ASTM STP 1419, 2002, Philadelphia, PA. head of the NASA Bearing, Gearing and Transmission Section, where he

was responsible for most of the NASA mechanical component research for
air-breathing engines and helicopter transmissions. With over half a century
of experience in mechanical engineering related to rotating machinery and

49. Steele, E M. “Contamination Control in Turbomachinery Oil Systems,”
Lubrication Engineering, Journal of ASLE, 40 (8), 1984, pp 487-497.

50. Morales-Espejel, G. E. and A. Gabelli. “The Behavior of Indentation tribology, Zaretsky has performed pioneering research in rolling-element
Marks in Rolling-Sliding Elastohydrodynamically Lubricated Contacts,’ fatigue, lubrication and probabilistic life prediction; his work resulted in the
Tribology Transactions, 54 (4), 2011, pp 589-606. first successful 3 million DN bearing. Zaretsky is an Adjunct Professor at Case

Western Reserve University. In 1992 he edited and co-authored the STLE
(Society of Tribologists and Lubrication Engineers) book — STLE Life Factors
for Rolling Bearings — as he had done previously, in 1997 — Tribology for
Aerospace Applications. Zaretsky is the recipient of numerous NASA awards
for his contributions to the Space Program, among which are the NASA Medal
for Exceptional Engineering Achievement, the NESC Director’s Award and the
Astronaut’s Silver Snoopy Award. In both 1999 and 2013 the STLE presented
Zaretsky with the Wilber E. Deutsch Memorial Award, which honors the most
For Related Articles Search outstanding paper written on the practical aspects of lubrication. In 2012

) the STLE presented Zaretsky with their International Award — STLE’s highest
technical honor for his lifetime of contributions to the field of tribology
research. He has also received four IR-00 awards. Zaretsky is a Life Fellow of
at www.powertransmission.com \_ both the ASME and STLE.

51. Morales-Espejel, G. E. and V. Brizmer. “Micropitting Modeling in
Rolling-Sliding Contacts: Application to Rolling Bearings,” Tribology

bearings
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Global Industrial Outlook:
Game Changer

Brian Langenberg

The number one question to-
day is: are the current low oll
prices a near-term or struc-
tural development?

We don’t know. And neither does the
U.S. Oil Sector.

 Saudi Arabia is continuing to pump;
this is a geopolitical move.

o Technology has reduced cost
and increased energy access —a
structural fact.

o Low prices+crushing
debt=bankruptcies among small
producers.

Add it up and you have lower confi-
dence and lower spending.

July 2013 — Oil @ $100: Prince Alwa-
weed announces that oil price structur-
ally going down; nobody is listening.

May 2014—0il @ $100: Russia,
Iran, ISIS behaving badly, while U.S.
doing nothing. Saudis notice.

Nov 2014—0il @ $75: Saudi’s de-
ploy Weapon Alpha—i.e. oil produc-
tion—to (take your pick) fight an
economic battle against the above
and — possibly — U.S. fracking.

Feb 2015 — Oil @ $50: Oil has traded
more or less between $40-$60-per-bar-
rel all year, and a 50% price cut should
lead to 50% (or more) capex cuts; thus
far we are seeing 25%-35% cuts. It will
get worse; producer bankruptcies are
coming.

We are beginning to reconsider our
long-term position on oil prices. At the
very least, your construction equip-
ment, power generation and mining
customers face a continuing cyclical
challenge.

The structural challenge is some-
thing else. With respect to natural gas,
the question is what is the true, fully
loaded cost to explore, produce and
transport energy sourced through hy-
draulic fracturing? Whatever that true
cost is will likely prove the “high-end”
price cap on oil longer-term and, with
that, an important factor with respect

to the energy sector’s demand for
heavy machinery over time.

Additionally, to the extent the en-
ergy boom of the last few years was a
“bubble” — history shows that bubbles
do not reflate.

July 28, 2013: Billionaire investor
Prince Alwaleed bin Talal is reported
to have written an open letter to Saudi
oil minister Ali al Naimi, warning that
Saudi Arabia must diversify its revenue
sources because of the impact of shale
gas extraction on the oil industry glob-
ally. Oil was trading between $100-
$105. Again, nobody (at least whom I
know of) was listening.

May 2014, Oil~$100: Frog Legs,
Bratwurst and the Bear

Capital spending will remain stable
this year, with particular strength in
downstream (refining) and midstream
(pipeline infrastructure), while up-
stream will decline perhaps (1%-3%)
overall.

August 2014, Oil~$100: Das (Hu-
man) Kapital

We were fortunate to meet with
the management teams of 16 major
companies from offshore drillers like
Transocean, to oil field services pro-
vider Dresser-Rand. We also spoke
directly to Exploration & Production
companies. In a nutshell this is what
we are communicating:

o Off-shore. Poised to accelerate in
2015.

o Mid-stream (pipelines). Strong
expansion continues to get
upstream energy supplies to market.

o Refineries. Because of condensate
export approvals, expect rising
demand for new, modern, LNG/
LPG tankers and infrastructure.

Our writing through August pointed
out rising geopolitical issues — Russia,
Ukraine in particular — and how it will
drive rising European defense spend-
ing over time.

We did not anticipate that Saudi Ara-
bia would deal with ISIS, Iran, and Rus-
sian challenges with its No. 1 weapon:
oil production
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November 2014, Oil ~$75: Hous-
ton, we have a problem

At this juncture it became clear the
Saudis would maintain production to
crush oil price. The only debate was
whether they were going after Putin
/ Iran (our view) or U.S. fracking (a la
Prince Alwaweed). Either way, we were
early in saying lower oil price is bad
for the sector and that 2015 oil related
capital spending would be significant-
ly lower with this passage:

“Netting it all out though, oil price
down (25%)=(25%) lower industry
revenue =bad for you. Most of your cus-
tomer base is claiming it will have little
impact. They are wrong.”

February, 2015, Oil~$50: Oil
slick, currency headwinds challenge
growth

The general consensus is about a
(25%) reduction in 2015 capital spend-
ing, which seems right but can worsen
in 2016 should oil price not recover.

March, 2015, Oil~$50: Oil slick,
currency headwinds worsen

The general consensus remains
for a (25%) reduction in 2015 capital
spending by global oil companies, but
those forecasts implicitly assume at
least some recovery in oil price from
curtailed exploration activity. Unfor-
tunately, cuts in natural gas fractur-
ing—even 4%-6% in a week— do not
boost oil price.

One month ago WTI (West Texas
Intermediate) was at a “depressed”
$52. Now we are looking at $45; expect
more capital spending cuts.

May, 2015, Oil ~$60: Slow growth
ahead; farm belt can’t help

The Saudis continue to step on the
gas, driving and keeping prices low;
and as a result North American capital
spending continues to decline.

Huge capex cuts in upstream explo-
ration and production drove a number
of weak first quarter results for indus-
trial companies, and we see no respite

ASIA PACIFIC
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for the next two to four quarters before
stabilizing at a lower spending level.

July, 2015, Oil ~ $50: Kind of sluggish

Oil had rallied from about $50 to $60
over the past month (I like round num-
bers) but have since round tripped. Ex-
pect further, deeper capital spending
cuts in the U.S. oil sector to continue
affecting demand for large capital
equipment.

Assuming Iranian oil comes back
into the global market, prices will be
further pressured. We continue to see
negative comps for the next two to four
quarters before stabilizing at lower
spending levels.

Opportunities remain. Low com-
modity prices hurt commodity pro-
ducers and their equipment suppli-
ers—but also benefit these major
sectors:

o Aerospace

e Auto production

e Non-residential construction
« Residential construction

o Consumer discretionary

Construction equipment is getting
hit near-term (equipment flowing out
of L&G sector), but on the flip side
lower raw material prices make large
construction projects more affordable.

We anticipate no substantive im-
provement in manufacturing activ-
ity. Not in the U.S,, nor internationally.
Headwinds include oil price and com-
modities in general (down), and the
U.S. dollar (up). Expect further, deeper
capital spending cuts in the U.S. oil

sector to continue affecting demand
for large capital equipment.

China’s stock market meltdown
is their problem, not our problem.
China’s stock market rocketed upward
on fundamentals —not economic ac-
celeration —and the opposite is now
true. In fact, China has proven a weak
market for commodities and capital
equipment for some time. Shown here
is Caterpillar’s “core” revenue trend for
Asia Pacific over the past two and a half
years:

Construction equipment weakness
reflects excess supply and possibly
market share loss in China; Resource
Industries ties more closely to Austra-
lia/NZ but indirectly also reflects China.

The weakness is broad-based; Rock-
well Automation core Asia Pacific
revenue has remained at or below 5
percent since June 2014 and United
Technologies’ Otis Elevator unit has re-
ported flat or down China elevator or-
ders for the last five quarters. The point
is that the weakness is old news, while
the headlines are about their capital
market excesses.

The rest of the world is hardly do-
ing great—updated outlook for key
geographic regions:

U.S. remains the safe, modest
growth bet. Weakness abounds in
commodity-related sectors—e.g. oil,
coal, and farm equipment—but fun-
damentals remain positive for non-
residential construction, consumer
durables (auto, housing) boosted by
gradually improving employment.
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Europe. The weaker Euro benefits
exports, lower commodity prices and
slowing China growth are headwinds.
Life will go on. Modest growth will
continue.

Middle East. Right now, Saudis are
investing to keep their mature fields
working; incremental growth in de-
fense spending is likely.

Latin America. Mexico continues
to grow, and capital investment in the
auto and aerospace sectors remains
strong. Brazil, Argentina—much of
the region —is toast.

China. No longer a huge growth
market for outside players. Costs, busi-
ness risk, and military belligerence are
up and the mask is off. I do expect the
nation’s economy will grow 5-7 per-
cent— but with greater wealth capture
from domestic players. It will still be a
good place to do business, but not a
great place to do business.

The End Market Picture is
Likewise Mixed
0il & Gas. We believe it is going to get
worse.

Mining. Awful, plunging toward hid-
eous.

Power generation. Sounds like GE
will be able to close on Alstom deal.
Devil is in the details regarding what
they must to concede. Supplier memo:
Have your helmet on and the chinstrap
fastened for that upcoming “partner-
ship” discussion.

Transportation infrastructure.
More stability through 2016-2017 with,
perhaps, modest growth. I remain con-

vinced that lower oil prices will lessen
the growth profile for oil shipped by
rail. Conversely, a new President in
2017, low commodity prices (steel, ce-
ment, energy), and dilapidated infra-
structure would, you think, be a growth
catalyst. Let us hope.

Machinery. Everything ex-truck
stinks. Construction equipment is sofft,
agriculture will remain weak and min-
ing is hideous. Only silver lining— and
not enough to off-set—is growth in
non-residential and residential con-
struction.

Consumer (auto, appliances).
Same story; auto benefitting from old
cars, improving employment and capi-
tal investment in Mexico. Residential
construction growth should help ap-
pliances.

Aerospace / Defense. Global com-
mercial aircraft demand is rock solid
driven by economic growth, low fuel
prices and strong capital markets. Car-
go is also picking up. One offset is that
Boeing 747 orders remain weak and
there is chatter about the program’s fu-
ture as the world demands more nar-
row body and the A380 makes inroads.
Defense spending has troughed in the
U.S. and international growth strikes
us as likely though with little benefit to
the U.S. industrial base.

Focus Company: AGCO (ACGO)
AGCO is a distant No. 2 in North
American farm equipment behind
John Deere and is far more leveraged
to global conditions. As such weaker
U.S. demand is more of an annoyance

Special Offer

PTE readers can subscribe to all our
written research for a discounted rate
of $375 per year (1 user). You will
receive—at a minimum — 20 Integrated
Company Dashboards (ICDs); each
quarter dedicated to major U.S. machin-
ery manufacturers, aerospace engine
producers and key industrial companies.
We are also happy to accommodate bulk
subscriptions at attractive rates.

These analyses are available on our
website for $75, but readers of Power

Transmission Engineering magazine can
email me directly at Brian@Langenberg-
llc.com and ask for a copy by putting “PTE
Offer” in the subject line and the ticker
for which company they want. Choose
one from: AME, CAT, DOV, EMR, HON,
MMM, MTW, ROK, URI, or UTX.

Market research, strategy: We can sup-
port a range of strategic work, including
full SWOT analysis, growth plan evalua-
tion,and risk assessment. Call or email to
discuss.
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2012 2013 2014
EAME $5,074 | $5,482 | $5,158
475 558 500
N. America | $2,584 | $2,758 | $2,414
260 326 219
S.America | $1,856 | $2,040 | $1,663
162 213 134

than huge challenge. Operationally,
the company has succeeded in driving
North American margin to 10 percent
or better in two of the last three years.

Still, weak conditions are also a
challenge for AGCO, particularly as
S. American operations are suffering
and the strong dollar has hurt currency
translation back to the company.

We just returned from meetings at
the Farm Progress Show in Decatur,
IL, including a presentation and booth
tour by Bob Crain, SVP & general man-
ager for the Americas. There was sil-
ver lining, given low crop prices and
excess dealer inventory. The key take-
away was that while dealer inventory
was down (12 percent) y/y as of end of
July with production cuts and targeted
marketing programs planned to make
further reduction.

Finally, whole farm sector is under
the weather —and in North America
that includes Deere, AGCO and CNH
Industrial —all of which cite excess
inventory and lower used prices.
None see a rebound in 2016. And nei-
ther do we. PTE

Brian K. Langenberg,
CFA, has been recognized
as a member of the
Institutional Investor All-
America Research Team, a
Wall Street Journal All-Star,
and Forbes/Starmine (#1
earnings estimator for
industrials). Langenberg
speaks and meets regularly with CEOs and
senior executives of companies with over $1
trillion in global revenue. His team publishes the
Quarterly Earnings Monitor/Survey — gathering
intelligence and global insight to support
decision-making. You can reach him at Brian@
Langenberg-llc.com or his website at www.

\_ Langenberg-LLC.com.
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GREAT SCOTT!

OK, you blinked and missed last month’s issue of
Power Transmission Engineering. Fortunately, you
don’t need a Delorean to travel back in time —just
a computer and working fingers.

Hop online and visit www.powertransmission.com
to view the entire magazine, including these exclu-
sive features:

+ Getting a Piece of that Sweet Coupling Pie
« The Small Motor Rule —How Will it Affect You?
+ Ask the Expert — Pre-tension Thrust Bearings
+ Applications of Bevel Gears
. : s ;o "‘. M ...and much more!
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Christian Hammel

BECOMES NEW EXECUTIVE BOARD MEMBER OF RENK AG

Renk AG’s supervisory board
recently appointed Christian
Hammel as executive board
member for production and
administration. Hammel is
currently a member of the ex-
ecutive board responsible for
finance at MAN Truck & Bus
Osterreich AG. After studying
business administration at the
University of Regensburg, he
held various management po-
sitions at Sixt AG and at MAN Truck & Bus AG. He has been
working at MAN since 2004.

Hammel will succeed Ulrich Sauter, who left company for
health reasons. He will still be assisting Renk in an advisory
capacity for a transition period. Sauter has been on the ex-
ecutive board of Renk AG for almost 20 years.

“The supervisory board would like to thank Mr. Sauter for
his excellent work at Renk AG and for his great service to the
company. He joined Renk in 1995 amidst difficult times and
has since then decisively contributed to Renk’s extremely
successful development. Renk’s success story is not least
based on Mr. Sauter’s ability of taking farsighted decisions,”
said Dr. Bartolke, chair of the supervisory board.

Pacamor Kubar Beatings

PURCHASED BY TWO COMPANY EXECUTIVES

Pacamor Kubar Bearings (PKB) was recently been purchased
by Edward M. Osta, the company’s current executive vice
president, and Stephen A. Angrisano, the company’s current
chief financial officer.

The agreement calls for the sale of the entire business,
including all the factory capabilities and certifications. The
company will continue to reside in its 13,250 square foot fac-
tory, clean room assembly area, and office area. The transi-
tion will be seamless, as all employees, machinery, certifi-
cations, as well as current skills and capabilities remain in
place.

The purchase price
was not disclosed.

“We were very
pleased with the
strong interest in Pa-
camor Kubar Bearings
from highly reputable
manufactures and
other interested in-
vestors and received
several highly com-
petitive proposals,” said Augustine Sperrazza, president and
CEO of S/N Precision Enterprises.

With the sale of the company, Sperrazza will retire. Sper-
razza said that Osta and Angrisano are in the best position

PacamMOR KUBAR BEARINGE
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to protect and enhance the value and reputation of Pacamor
Kubar Bearings (PKB).

“The future growth and expansion capabilities for this
American owned and operated company have always been
important considerations for us and we believe that this is
the best decision for the customers, employees, and credi-
tors,” he said.

Haydon Kerk

INTRODUCES CATALYST MOTION GROUP AS A SUPPLIER OF
INTEGRATED MOTION SYSTEMS

Haydon Kerk Motion Solutions recently introduced the Cat-
alyst Motion Group as a supplier of integrated motion sys-
tems. Catalyst offers custom high-precision linear and rotary
motion systems at any level of integration.

According to Haydon Kerk, Catalyst understands the many
facets of motion system technology and is focused on har-
nessing that knowledge to develop next-level application
specific solutions. With global resources and an expertise in
manufacturing and engineering that is related specifically to
linear and rotary motion systems, Catalyst is positioned to
provide full-service integrated motion system development,
design, test and manufacture.

Motion Industries
Florida Location

ACHIEVES TIMKEN BEARING CERTIFIED SHOP GOLD LEVEL

Motion Industries recently announced that its service center
in Pensacola, FL has recently achieved Timken Bearing Cer-
tified Shop “Gold” Level for 2015. Associates from The Tim-
ken Company audited the shop and presented certification
signifying the shop adheres to Timken standards for bearing
removal and handling, cleaning and inspection, analysis of
bearing damage, bearing setting and adjustment, and bear-
ing storage.

“We congratulate Motion Industries Pensacola Service
Shop for its commitment to meeting the high standards nec-
essary to achieve the status of Timken Bearing Certification,”
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said David A. Novak, Jr., Timken director of service engineer-
ing and strategic projects.

As part of this certification process, Timken trained Motion
Pensacola shop personnel in the proper cleaning, inspection
and storage of wheel bearings. By training its associates in
the proper techniques and then auditing and certifying the
process, Motion has indicated its confidence that the bear-
ings returned to service are properly cleaned and inspected
and will deliver their full life potential.

m ® MOTION®

“The outstanding efforts of our Pensacola team reflect Mo-
tion’s ongoing commitment to quality service,” said Randy
Breaux, Motion Industries’ senior vice president of southern
U.S. operations, corporate marketing and strategic planning.

“Their hard work, focus, and dedication resulted in this sig-
nificant achievement.”

GET THE BIG PICTURE
e —

Subscribe today!

GLOBAL INDUSTRIAL OUTLOOK

NFPA

REPORTS FLUID POWER INDUSTRY FOR MAY DOWN 8.5
PERCENT FROM PREVIOUS MONTH

The latest data published by
the National Fluid Power As- \b\@
sociation shows industry Q\;
shipments of fluid power
products for May 2015 de-
creased 14.2 percent com-
pared to May 2014, and de-
creased 8.5 percent when
compared to the previous
month.

Mobile hydraulic, industrial
hydraulic, and pneumatic ship-
ments decreased in May 2015 when
compared to May 2014. Mobile hydraulic, industrial hy-
draulic, and pneumatic shipments also decreased when
compared to last month. These charts are drawn from data
collected from more than 80 manufacturers of fluid power
products by NFPA’'s Confidential Shipment Statistics (CSS)
program. Much more information is available to NFPA mem-
bers, which allows them to better understand trends and an-
ticipate change in their market and the customer markets
they serve.
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Reims Congress Centre, Reims, France.
Europe’s annual powder metallurgy congress and exhibi-
tion, organized and sponsored by the European Powder
Metallurgy Association, will return to France in 2015.
The combination of a world class technical program and
state-of-the art exhibition will provide the ideal networking
opportunity for suppliers, producers and end-users. The
program of plenary and keynote addresses, oral and poster
presentations and special interest seminars will focus on:
additive Manufacturing; hard materials and diamond tools;
hot isostatic pressing; new materials and applications; and
more. Alongside the technical sessions the Euro PM2015
Exhibition will be an excellent opportunity for international
suppliers to the PM industry to network with new and exist-
ing customers from the powder metallurgy and associated
sectors. For more information, visit www.europm2015.com.

Cobo
Center, Detroit, MI. For more than two decades, power
transmission professionals —including CEOs, owners,
presidents, engineers, marketing and sales managers,
consultants and other executives have come to Gear Expo
to learn the latest industry information and see firsthand
technology, products, and services that help them expand
and streamline their business. Attendees represent a variety
of industries including off-highway, industrial applications,
automotive, and oil and gas as well as aerospace, agriculture
and construction. They come from around the United
States, international manufacturing hubs, and emerging
markets to conduct profitable business transactions and
collaborate on the innovations that make their operations
more streamlined. Exhibitors have the opportunity to meet
face-to-face with attendees and other exhibitors and will
display more than 750,000 pounds of machinery on the
show floor. For more information, visit www.gearexpo.com.

Hilton Chicago, Chicago, IL. More than 550
delegates, representing 240 PTDA distributor and manufac-
turer member companies in the power transmission/motion
control industry are expected for cross-channel networking,
shared learning and collaborative experiences at this year’s
Industry Summit, titled “Spark A Movement: Inspire. Mo-
tivate. Lead.” The PTDA 2015 Industry Summit is starting a
movement of its own by offering three keynotes in one with
a session called IML Talks, playing off the theme, Inspire.
Motivate. Lead. Speakers include: Phil Hansen, an artist
with a debilitating physical limitation; Ryan Estis, a former
chief strategy officer for a global advertising agency; and
Scott Klososky, a technologist who returns to the Industry
Summit after receiving in 2013 the highest ratings of any
other speaker. Another returning speaker is Alan Beaulieu,
who delivers his uncannily accurate economic forecast as
the Closing Keynote.The signature event of the PTDA Indus-
try Summit is the Manufacturer-Distributor Idea Exchange
(MD-IDEX). MD-IDEX is a time- and cost-effective forum to
bring together distributor and manufacturer executives for
high-level discussions on market strategies and issues to
mutually benefit each other and end users. Distributor and
manufacturer members alike laud MD-IDEX as one of the
most organized face-to-face cross channel business meeting
programs.Additional cross-channel networking opportuni-
ties abound at the PTDA 2015 Industry Summit. From recep-
tions and networking lunches, to a Roaring 20’s theme party
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at Chicago’s Navy Pier, participants will find takeaways that
can be put to use right away to achieve success going for-
ward. For more information visit ptda.org/IndustrySummit.

Florence,
KY. Mazak Corporation encourages those involved in
the metalworking industry to attend its Discover 2015
technology and education event. Here, the machine tool
builder plans to spotlight new technologies and trends that
will change how part manufacturers operate, including
unconventional ways to drive operational efficiency via
additive manufacturing, CNC technology and the Industrial
Internet of Things (IIoT) concept. Additive manufacturing
is creating a shift in the way engineers and designers think
about product development, and Mazak is leading the way
with its additive-capable INTEGREX i-400AM. The HYBRID
Multi-Tasking machine will make its North American
debut at Discover 2015, and attendees will experience
how it integrates laser cladding with advanced full 5-axis
milling and turning capabilities. Overall, more than 30 of
the latest Mazak machine tools will perform real-world
cutting demonstrations throughout the event. Applications
experts will be on standby during the demonstrations
to discuss total manufacturing solutions as well as part-
processing improvements with attendees. The company
will also offer a series of seminars that will teach attendees
the latest metalworking tools, trends and techniques
for improved productivity and profitability. For more
information, visit www.MazakUSA.com/DISCOVER2015.

NEC, Birmingham UK. Integrating
multiple show exhibit zones with the UK’s largest free-
to-attend engineering conference program, Advanced
Engineering is where the supply chain meets with visiting
engineering and procurement decision makers from
OEMs and top tier organizations spanning: aerospace;
automotive; motorsport; marine, civil engineering, and
more. Whether you are a visitor or an exhibitor, Advanced
Engineering will not only provide you with a business
forum and supply chain showcase for your own sector,
but will also introduce you to new opportunities in
industries using related technologies and services. For
more information, visit www.advancedengineeringuk.com.

Houston, TX. ASME’s International
Mechanical Engineering Congress and Exposition (IMECE)
is the largest interdisciplinary mechanical engineer-
ing conference in the world. IMECE plays a significant
role in stimulating innovation from basic discovery to
translational application. It fosters new collaborations
that engage stakeholders and partners not only from
academia, but also from national laboratories, industry,
research settings, and funding bodies. Among the 4,000
attendees from 75+ countries are mechanical engineers in
advanced manufacturing, aerospace, advanced energy, fluids
engineering, heat transfer, design engineering, materi-
als and energy recovery, applied mechanics, power, rail
transportation, nanotechnology, bioengineering, internal
combustion engines, environmental engineering, and more.
For more information, visit www.asmeconferences.org.
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(" CALL FOR PAPERS! )

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

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

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

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

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

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

Jjmcguinn@powertransmission.com.
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POWER PLAY

The Museum of Unworkable Devices

The strange place where broken is beautiful

Jack Mc Guinn, Senior Editor

Albert Einstein, it is said, de-
fined insanity as “doing the
same thing over and over
again, expecting a different
result.” My favorite variation (Anon)
on those words of wisdom is “someone
who hits one’s self in the head with a
hammer until it stops hurting.”

Somewhere between those two
worldviews resides the plucky spirit
behind The Museum of Unworkable
Devices (wwuw.lhup.edu/~dsimanek/
museum/unwork.htm).

This museum, quite simply (quoting
from its Website) — “is a celebration of
fascinating devices that don’t work”
Continuing, in downright humorous, if
snarky, fashion —it “houses” “diverse
examples of the perverse genius of in-
ventors who (I love this part) refused to
let their thinking become intimidated
by the laws of nature — remaining opti-
mistic in the face of repeated failures.”

While PTE is indeed a magazine
devoted to power transmission, we're
thrilled to report that there is neverthe-
less no shortage of ill-fated, once-and-
no-future gizmos “on display” (it’s vir-
tual, people) at the “museum” whose
creator (more later) seriously intended
to help move earth if not heaven as
well — if only they had worked. (And
somewhere, Rube Goldberg must be
grinning his ass off.) Popular at this
repository are “intricate perpetual
motion machines that have remained
steadfastly unmoving (my ital) since
their inception.” It is also good to know
that, like all museums, the Museum of
Unworkable Devices considers itself a
“work in progress” — signaling a recog-
nition that Man'’s talent for the stupid
continues to evolve, unchecked.

Let us read, for example, the muse-
um listing for this water wheel/pump
“system’, cited from a 1927 tome by en-
gineer/inventor of some note Gardner
D. Hiscox— Mechanical Appliances
and Novelties of Construction:

“Water wheel and pump—a prin-

ciple so often employed for the pro-
duction of self-moving machines that
it ranks next to that of perpetual eccen-
tric weights in its delusive power upon
the minds of inventors. The attempt to
compel a water wheel to raise the wa-
ter that drives it is in one form or other
perpetually recurring in devices upon
which our counsel and opinion are
sought.

“The worst of the matter is that in
most cases our advice to drop such ab-
surd projects is received as evidence of
want of sagacity and knowledge, and
our would-be client becomes the dupe
of some not over-conscientious patent
agent, who pockets his fees and laughs
in his sleeve at the greenness of the ap-
plicant.

“The device illustrated is one submit-
ted by one of those enthusiastic indi-
viduals, who, without understanding the
first principles of mechanics, believes he
is about to revolutionize the industry of
the world by his grand discovery; and
as honor, and not pecuniary reward, is
his object, he seeks to make public his
invention through the wide circulation
of some journal. He is quite willing we
should adversely criticize the device,
because its merits are so great that no
amount of skepticism resulting from our
blind prejudice can, he thinks, influence
candid minds against a principle so ob-
viously sound and sublimely simple.

“Even if you could completely elimi-
nate friction and viscosity in the pump
and gears, this device requires the
pump to lift water above the open res-
ervoir, that is, higher than the pressure
head of the reservoir, requiring more
work than one can gain from the falling
water. Even if that minor (!) flaw were
fixed, the work done in carrying the
water around a closed loop is zero. Ex-
ercise for the student: If viscosity and
friction were zero, and this device were
primed and started running, how and
when would it come to a stop?”

Okay then! In closing, let me men-
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“The device illustrated is one submitted by one

of those enthusiastic individuals, who, without
understanding the first principles of mechanics,
believes he is about to revolutionize the industry of
the world by his grand discovery.” (Text, illustration
from Mechanical Appliances and Novelties of
Construction, Gardner D. Hiscox, M.E., 1927,
Norman W. Henley Publ. Co.)

tion the list (below; go to the site for
the links) of various “galleries” avail-
able for viewing—don’t touch!—at
the museum. Just the titles for some of
these tell you all you need to know as to
what they’re all about, such as: “What-
ever Were They Thinking?” — (deep
thoughts, obviously); “The Gallery
of Ingenious, but Impractical Devic-
es” — (just what our economy needs);
“The Basement Mechanic’s Guide
to Building Perpetual Motion Ma-
chines” — (there is no way I'm hanging
out with some “basement mechanic”
who is building “perpetual motion ma-
chines, no way, no how; “The Basement
Mechanic’s Guide to Testing Perpetual
Motion Machines” — (see above!!)

So take a day trip in your PJs or BVDs.
Pack a lunch. Chill some beverage. Pull
up a chair to your favorite desktop or
laptop, and prepare to immerse your
brain in a totally useless but decid-
edly diverting pastime. (Note: The Mu-
seum of Unworkable Devices is the 1994
brainchild of Dr. Donald E. Simanek,
Professor Emeritus, Lock Haven Univer-
sity of Pennsylvania. Space did not per-
mit a fair telling of his story. We hope to
address that with the next Power Play in
the October issue of PTE.) PTE
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Are you under pressure to reduce costs? We can
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From Extraction to Finish Processing — We’ve Got You Covered

Schaeffler has spent decades developing products designed to
optimize the performance of equipment used in mine operations:

DRAGLINES ® SHOVELS e HAUL TRUCKS e VIBRATORY SCREENS
CRUSHERS e BALL / SAG MILLS e CONVEYING EQUIPMENT

With an expansive portfolio that ranges from a complete line of
standard bearings to the most highly specialized application
solutions, Schaeffler products are specifically engineered
to thrive in some of the harshest operating conditions on
(or under) the earth.

Looking to improve bearing life and reduce downtime? Consider:

e Split spherical roller bearings for super-fast bearing replacement
in hard-to-reach locations

e SuperTac Il taconite seals with multiple labyrinths to ensure
contamination stays out

e All-new SNS ductile iron housings for extended bearing life

Schaeffler also offers its exclusive X-life™ series of products
whose optimized roller geometries and raceway finishes are
so precise, their service life far exceeds the conventional
standard — as much as 70% in the case of our cylindrical and
spherical roller bearings.

Need more details? Rock on.

Contact a Schaeffler design engineer . .
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