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866-REXNORD
www.rexnord.com

Solutions you can trust.

Rexnord solutions are not just about a transaction. To support your business, 
Rexnord delivers what’s needed to run a successful operation, including: 

•	 Dependable product availability and on-time delivery 

•	 Innovative solutions for a broad range of applications 

•	 Respected brands supported by sales, training and technical expertise 

Rexnord provides a comprehensive              
line of products and services: 
•	 Bearing
•	 Coupling
•	 Gear
•	 Industrial Chain
•	 Conveying Equipment
•	 FlatTop
•	 Installation, testing,                   

maintenance and repair

Rex®        Falk®        Link-Belt®        Thomas®        TableTop®        MatTop®       Marbett®        RTS® 
Brands you can trust.

CHECK OUT OUR PRICES ON MOTORS

AC, 208-230/460V,
3-phase, TEFC,
1800 rpm, 1 hp

PMDC, 56C,
2 hp, 180V

$125.00
MTR-001-3BD18

AutomationDirect
IronHorse

Baldor

$372.00
MTPM-002-1M18 

All prices are U.S. published prices. AutomationDirect prices are from April 2012 Price List. Baldor prices taken from www.baldor.com 2/20/12.  Dayton prices
taken from www.grainger.com 2/20/12. Prices and specifications may vary by dealer and configuration.  Prices subject to change without notice.

$419.00
CM3546

$2,347.00
CDP3585 

$290.50
4THX2

Dayton

$1,428.00
4Z380 (not 56C)

www.automationdirect.com/motors

Heavy-duty DC motors
IRONHORSE PMDC motors are
available in TENV and TEFC enclosure
styles.  Space-saving designs feature
a NEMA 56C flange and removable
mounting base.

Ironhorse DC motors start at $134.

• Rolled steel frame/cast aluminum end bells
• 0.33 to 2 hp, 1800 RPM
• Electrically reversible
• Compatible with SCR (thyristor) DC drives
• Large brushes for longer brush life,

with easy access for replacement
• 90VDC and 180VDC models available

Also Available

56C Gearboxes

Motor Bases
(56 - 449T)

www.automationdirect.com

1-800-633-0405

Go online or call to get complete information,
request your free catalog, or place an order.

Inverter-duty AC motors
MARATHON ELECTRIC inverter-duty
motors have been carefully selected
to be performance-matched with our
DURApulse and GS series AC drives.

Marathon motors start at $143. 

• 1/4 to 100 hp
• Dual 230/460V and 575 VAC models
• 1200 and 1800 RPM base speeds
• Factory-mounted encoders on select models
• NEMA Premium Efficiency XRI series from

1 to 10 hp compliant with Energy
Independence and Security Act of 2007

General purpose AC motors
IRONHORSE motors are available
in rolled steel (1/3 to 2 hp) and cast
iron (1 to 300 hp) 1800 RPM models.
1200 and 3600 RPM units are available
for the most popular horsepower
ratings.

Ironhorse AC motors start at $155.

• T-frame cast iron three-phase,
premium efficiency (meet EISA Act 2007)
208-230/460V up to 300 hp,
TEFC enclosure

• TC frame (C-face) cast iron three-phase,
premium efficiency (meet EISA Act 2007),
208-230/460V, up to 100 hp,
TEFC enclosure

• 56C frame rolled steel single-phase,
115/208-230V, from 0.33 to 1.5 hp,
TEFC enclosure

• 56C frame rolled steel three-phase,
208-230/460V, from 0.33 to 2 hp,
TEFC enclosure
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PTE E-News exclusive articles (online only!)

Visit www.powertransmission.com/newsletter to read these articles and many more!

GEAR TECHNOLOGY E-News exclusive articles 
(online only!)

The goal of IDC University is to provide a 
comprehensive educational platform 
for the industrial distribution industry, 
fostering professional and organizational 

development.

IDC University offers comprehensive 

courses with a balance of lecture and 

hands-on training. Students work hard while 

having fun in an educational environment.

2012
CURRICULUM
Bearing Training: A-zZ
March 19-22, 2012 

Bulk Material Handling
November 12-15, 2012

Hydraulic Principles & Applications
September 17-20, 2012 

Motors & Controls
December 3-6, 2012

Power Transmission Principles
February 20-23, 2012 
August 27-30, 2012 

GET YOUR
HANDS ON
A HIGHER
EDUCATION

933 Western Drive
Indianapolis, IN 46241

317.829.0109
www.IDC-USA.com

2012 CLASSES FORMING NOW
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Serving North American PT Industry Since 1981
Your One Stop Shop for Bearing Housings & Cycloidal Reducers

Extensive Inventory For

 Adapters Sleeves
 Spherical Roller Bearings
 Split Pillow Block Bearing Housings

 Direct Drop-In Replacement for
Other Brands

 Spare Parts Available
Inquire Today !!

143 Ethel Road West
Piscataway, NJ 08854

Fax: 732-572-6698

www.bccusainc.com bccusainc@gmail.com www.darali.com
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• Unmatched Quality

• Superior Reliability

• Easy Installation and Removal

• Quickest Delivery Available

Baldor•Dodge® hydraulically-assisted ISAF bearings 
are so easy to install and remove you won’t believe it 
until you see it. Simply slip the bearing on the shaft, 
apply hydraulic pressure to position the bearing on 
the adapter sleeve and you’re ready to go. To remove, 
apply hydraulic pressure to the dismount piston and 
the bearing is pushed off the adapter sleeve. No feeler 
gauges or special tools needed. Plus, once it’s installed, 
the full shaft contact eliminates fretting corrosion.

Each bearing arrives fully assembled, sealed and 
lubricated for even easier installation than ever before. 
No wonder a prestigious trade publication recognized 
Baldor•Dodge ISAF hydraulically-assisted bearings as a 
product of the year winner. Easy on and off bearings… 
only from Baldor. 
 
baldor.com    479-646-4711

Easy On. Easy Off.

©2012 Baldor Electric Company
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NewNew
In the publishing business we thrive on new ideas. 

We employ creative people who are constantly coming 
up with new and better ways to serve our readers and 
website visitors. Often those new ideas turn into fantastic 
new products—like our e-mail newsletters and product 
alerts, which have become an important part of how we 
communicate with you.

But sometimes the best new ideas aren’t new at all. 
They’re just old ideas that have been set aside or forgot-
ten. Over the past few months, we think we’ve come up 
with a couple that deserve to be rekindled, rejuvenated 
and reintroduced.

The first is our “Ask the Expert” feature.
Our mission as a publishing company has always been 

one of education. For almost 30 years, we’ve helped peo-
ple in the industry understand the best use of technology 
through our technical and educational articles. One of 
the best ways we can help our readers is by tapping into 
the pool of knowledge embodied by the many experts 
we’ve come to know through the years.

On powertransmission.com (before we even had a maga-
zine), we used to have a very popular “Ask the Expert” fo-
rum. People from around the world would submit ques-
tions about bearings, motors, gears, clutches and other 
mechanical power transmission and motion control top-
ics. We’ve decided to bring that feature back, both online 
and in print. Our goal is to take readers’ technical ques-
tions and submit them to our panel of experts for written 
responses.

This model has already proven to be a big success over 
at Gear Technology magazine, where we reintroduced “Ask 
the Expert” a couple of issues ago. So far, we’ve received 
overwhelmingly positive feedback from readers who are 
hungry for this type of hands-on knowledge. I expect the 
same will be true in Power Transmission Engineering.

So beginning now, we’re reinstituting “Ask the Expert” 
on powertransmission.com. You’ll find a link right on the 
home page where you can submit your questions. We’ll 
send each question to one or more experts in the field 
to get the best answer as quickly as possible. Then we’ll 
publish the best questions and answers right here in the 
magazine.

The second idea whose time has come again is the 
Buyers Guide. Our website, powertransmission.com, was 
founded in 1997—15 years ago—as a way for buyers of 
gears, bearings, motors, clutches, couplings and other 
power transmission components to find suppliers who 
could meet their needs. Although our mission has grown 
over the years, that fundamental core purpose remains 
the same. It’s our job to make sure that people looking 
for components know where to find them.

So we’re making a concerted effort to rejuvenate the 
Buyers Guide at powertransmission.com. We want you to 
know that you can go there to find the most current, rel-
evant, accurate information on suppliers in the industry.

If you are a supplier in the industry, you can help us by 
making sure your listing is current and up-to-date. Now 
is the time to double-check your company’s contact in-
formation and make sure you’re listed in all the appropri-
ate categories. And if you’re not listed, it’s time to sign up. 
Listings are free. You can sign up at www.powertransmis-
sion.com/getlisted.php.

More importantly, companies listed in the online Buy-
ers Guide at powertransmission.com will automatically get 
included in the printed Buyers Guide, which will appear 
in our December 2012 issue. We’re always looking for 
ways to make the Buyers Guide more useful and practi-
cal. If you have any suggestions, we’d appreciate them. 
You can send them to me directly at wrs@powertransmis-
sion.com.

You never know where that next great idea is going to 
come from.

Randy Stott,
Managing Editor

editorial

Increase your operations 
efficiency and profitability by 
reducing installation errors, 
maintenance costs and 
downtime. The Rexnord® 
ZAF6000 series bearings 
and new ZLF6000 large bore 
bearings are direct drop-in
replacements to industry 
standard SAF bearings. 
Pre-lubricated and shaft-ready, 
these bearings decrease 
installation and removal time 
by as much as four times 
versus SAF models.

And, you can find Rexnord 
bearings at your local Motion 
Industries location. Our local 
sales and service specialists 
are experts in application and 
technical support, providing the 
parts and the know-how you 
need to stay up and running. 

The brands you count on from 
the people you trust…that’s 
Rexnord and Motion Industries.

1-800-526-9328 for the location nearest you

MotionIndustries.com©2012 Motion Industries, Inc.

Over 500 locations   More than 4 million products
Industrial maintenance training courses   Call. Click. Visit.

IdeasThe
Best

powertransmissionengineering     june 2012     www.powertransmission.com6

http://www.powertransmission.com/ctr.php?source=PTE0612&dest=www.motionindustries.com


Increase your operations 
efficiency and profitability by 
reducing installation errors, 
maintenance costs and 
downtime. The Rexnord® 
ZAF6000 series bearings 
and new ZLF6000 large bore 
bearings are direct drop-in
replacements to industry 
standard SAF bearings. 
Pre-lubricated and shaft-ready, 
these bearings decrease 
installation and removal time 
by as much as four times 
versus SAF models.

And, you can find Rexnord 
bearings at your local Motion 
Industries location. Our local 
sales and service specialists 
are experts in application and 
technical support, providing the 
parts and the know-how you 
need to stay up and running. 

The brands you count on from 
the people you trust…that’s 
Rexnord and Motion Industries.

1-800-526-9328 for the location nearest you

MotionIndustries.com©2012 Motion Industries, Inc.

Over 500 locations   More than 4 million products
Industrial maintenance training courses   Call. Click. Visit.

http://www.powertransmission.com/ctr.php?source=PTE0612&dest=www.motionindustries.com


Our April 2012 launch of this col-
umn highlighted several key themes; we 
will re-state each and highlight devel-
opments, relying on our monitoring of 
75 key global industrial companies and 
ongoing fieldwork:
•	 Europe matters—to Europeans
•	 Improving price/cost
•	 Energy
•	 Self-generated growth/urge to merge
•	 Global power cycle—though price 

pressure will limit profitability
•	 Asia/technology complex 

accelerates by mid-year
•	 Residential HVAC
•	 It’s not all about China, as emerging 

markets continue to grow
•	 U.S. becoming structurally 

more attractive—if it can 
get out of its own way

Europe matters—to Europeans. Eco-
nomically conditions have played out—
though a few management teams cited a 
“step down” on the margin. Stock mar-
kets are discounting the worst, but recent 
elections in France (national) and Ger-
many (regional) signal a lighter approach 
to austerity. While I would have voted 

for Nicolas Sarkozy, and do not habit-
ually favor French socialists, the win-
ner—François Hollande—is appointing 
a centrist (by French socialist standards) 
cabinet and seeking to spend. And since 
European politicians—like any other—
also enjoy being re-elected, the French 
result—coupled with a drubbing in a 
North German election—has prompt-
ed German Finance Minister Wolfgang 
Schaeuble to suggest a little bit of infla-
tion is okay. In terms of the current econ-
omy, Southern Europe and Spain are a 
disaster—but they can’t go below zero 
and the resource-centric Nordic coun-
tries and Russia are growing.

Improving price/cost. Pricing is up, 
materials and oil are down—which au-
gurs well for input costs and freight go-
ing forward.

Energy. We have concerns. Low natu-
ral gas prices are biting upstream gas ac-
tivity in North America and are already 
crimping activity in pressure pumping. 
And I would anticipate a second, de-
rivative impact on associated services in 
shale regions. Conversely, oil-related ac-
tivity remains strong and our underly-

ing view of continued economic growth 
should support relatively high prices.

Self-generated growth/urge to merge. 
No change here; large corporates have a 
lot of cash, are hunting for growth and 
feel the need to bolster growth opportu-
nities. They want channel, product and 
technology—and will pay to get it. Ex-
pect a lot more deals.

Global power cycle (with continuing 
price pressure). Broadly speaking, on-
track. Price pressure remains intense, 
particularly in transformers; and while 
General Electric called out a flat price, 
we consider that an anomaly. As for the 
wind sector, enjoy ’12 and hope for an 
extension of the production tax credit 
and higher gas prices. We have no in-
sight on the former, but expect the lat-
ter, as producers begin to shutter activity 
in the face of low prices, high inventory 
and lack of storage.

Globally, expect continued accelera-
tion in large power and process orders 
(Flowserve, Tyco called out in particular).

Asia/technology complex accelerates by 
mid-year. We are no longer hearing of 
supply chain issues owing to Thailand 

market update

Economy Continues—GENERALLY—to Improve
But Equity Markets—and the Institutional “Investors” who Move Them—

Not So Much
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flooding, and supply chains have been 
adjusted.

Residential/HVAC. Continuing to see 
reasonable improvement, owing to sea-
sonal inventory build (and lean inven-
tory) and better pricing. Lack of a heat 
wave so far has not helped.

It’s not all about China—or is it? 
Emerging markets continue to grow. It 
may not be all about China—but the 
market thinks otherwise. Many inves-
tors see a potential “hard landing,” which 
in China means 6–7 percent growth and 
no acceleration in 2012—and mark-
ing stocks down accordingly. We think 
this view makes sense—but disagree on 
magnitude and end-market and think 
that election year uncertainty in China 
is at least part of the problem. We antici-
pate no construction-related turn before 
2013—meaning 2–3 quarters of inven-
tory reduction for construction equip-
ment, engines, etc. But energy and capi-
tal investment are another story. China 
is short on power and grid, and wages 
are rising. We are already hearing about 
increased capital spending from auto-
mation companies and a second-half 
tech upswing (Asia is 40 percent tech-
nology) should drive electricity demand.

U.S. is becoming structurally more 
attractive. Low gas prices are a game 
changer. Recent announcements con-
tinue to show greater investment from 
chemical and petrochemical players that 
should support basic industrial demand. 
More a trickle than a torrent—the U.S. 
still could use lower corporate taxes, sig-
nificant reinvestment in human capital 
(re-training), infrastructure (a highway 
bill) and improved regulatory environ-
ment. Let’s wait and see in November.

So what has changed in two months?
On the margin, very little—but fear 

is up among institutional investors, and 
large corporates are redoubling their 
market surveillance efforts. Still, the 
trump card is what they do; and with 
continued investment, high cash posi-
tions and gradually improving economic 
conditions, we see ourselves in a classic 
mid-cycle recovery within the context 
of what may be the largest global finan-
cial engineering project of all time. 

Brian K. Langenberg, CFA, is a recognized 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.

Quality Reducer Service
620 East Avenue  ■  LaGrange, IL 60525

708-354-8080

www.qualityreducer.com

WE  SERVICE  ALL  TYPES  OF  INDUSTRIAL  GEARBOXES

Circle Gear and Machine
www.circlegear.com

GEARBOX 
REPAIR
SPECIALISTS

GEARBOX 
REPAIR
SPECIALISTS

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

• Prompt, accurate quotations

• Competitive pricing

• Quality repairs/rebuilds

•  Quality Custom Gearing

•  All Gear Types and Sizes

•  ISO 9001:2008 Certified

•  Reverse Engineering

•  Design Analysis

•  Nationwide Service
      Since 1951
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At a Midwestern producer of tubular 
steel products, measures taken to coun-
teract the effects of impact on a quench 
tank roll made it difficult to remove and 
replace the conventional pillow block 
bearings that support the roll’s shaft. 
The bearings were replaced with adapt-
er mount roller bearings that are easier 
to install and also will be easier to re-
move. The mill produces oil and gas well 
casing steel and line pipe in diameters 
from 7" to 16", with wall thicknesses up 
to ½".

Previously, as the head end of a tube 
entered the quench tank to be cooled, 
impact tended to move the shaft that 
supported the roll to one side because 
the former bearings did not lock tightly 
enough to the shaft. To keep the shaft 
centered, the company welded steel 
washers to the end of the shaft. This 
made it difficult to remove and replace 
the bearings. The company’s mainte-
nance planner and supervisor explains, 
“Any time we changed a bearing, we had 
to cut the washer off and dress the shaft. 
If the bearing was there for a long time, 
the mill scale, dirt and grease would 
build up, and we couldn’t get the bear-
ing off of the shaft.”

The design of the replacement bear-
ings addresses this common problem by 
incorporating a withdrawal sleeve into 
each bearing. As the adapter nut is un-
threaded, the design automatically pulls 
the tapered adapter sleeve from the as-
sembly, releasing the bearing from the 
shaft without causing damage, which 
saves both time and repair costs.

Bearing installation also could be 
problematic for the mill. The company’s 
maintenance planner says, “The bear-
ings we had on previously just had lock-
ing collars with no taper at all. Because 
things didn’t work there in the past, we 
were just buying regular pillow blocks 
and tapping them in place ourselves.”

To address the problem, the compa-
ny selected Rexnord ZA6215F adapt-
er mount roller bearings with Shurlok 
technology for the application because 
they incorporate features that eliminate 
the previous installation and removal 
problems. These bearings are utilized 
in industries such as forestry, mining, 
steel, cement/aggregate and air han-
dling. They come equipped with a posi-
tive locking system, tapered mounting 
sleeve, hourglass rolling elements and 
super-finished raceways and rollers.

These features allow for quick and 
easy installation, reduce shaft dam-
age caused by loose mountings, provide 
three degrees of static and dynamic mis-
alignment and provide a cool running, 
quiet, high speed and high load capac-
ity design. An innovative tapered sleeve 

product news
The Quick Fix
Rexnord Solves Bearing Installation/Removal Challenges

Rexnord ZA6215F adapter mount roller bearings with Shurlok technology incorporate a 
tapered locking sleeve to maintain bearing position on this quench tank.

Bearings operate in a difficult environment on this quench tank application. Impact of tubes 
entering tank caused the roller shaft to move sideways with previous bearings.
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design maintains mounting tightness 
during operation, provides 35 percent 
greater shaft grip than other adapt-
er sleeve bearings, and allows for bet-
ter shaft grip in the mill’s application. 
To ensure a correct installation, the new 
bearings incorporate SpyGlass Opti-
cal Strain Sensing (OSS) technology, 
which provides visual feedback that tells 
the installer when the bearings have 
been correctly tightened to the shaft. 
The sensor incorporates materials that 
respond to strain by changing reflect-
ed light wavelengths. It is calibrated so 
that the window stays clear until there is 
enough strain on the locknut to provide 
a sufficient load. At that point, OSS 
window changes color, showing that the 
bearing is correctly installed.

Operating conditions for the bearings 
include the effects of impact, as well as 
typical mill scale, dirt and grease. The 
spokesperson says the bearings have 
performed well since their installa-
tion in early 2008. He reports that the 
company is considering using them on 
other applications in the mill based on 
their combination of features and per-
formance.

For more information:
Rexnord Corporation
4701 W. Greenfield Avenue
Milwaukee, WI 53214-5310
Phone: (414) 643-3000
www.rexnord.com

A progressive gear manufacturer understands 
it needs to go above and beyond traditional 
expectations. Today’s customers demand – 
and deserve – the latest technology, a wide 
range of capabilities and an unrelenting 
commitment to prompt and effective 
customer service. When it comes to exceeding 
expectations, Schafer Gear is truly light years 
ahead. Our investment in the latest production 
equipment assures that we can provide gears 
for many industrial applications including 
transportation, medical, mining, gas and 
energy, agricultural equipment and many 
specialty applications. And every gear we 
make comes with one thing standard – the 
willingness to go to the ends of the earth to 
serve our customers well.

Find out more at 
www.schafergear.com or 
call us at 574-234-4116.
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Optical Strain Sensing (OSS) technology 
in new bearings changes color to tell the 
installer when the bearings have been 
correctly tightened to the shaft.
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Lee
Offers Ready-to-Mount 
Linear Systems

Lee Linear, a manufacturer of lin-
ear motion components, offers a vari-
ety of combinations of individual shafts 
and rail components. Lee Linear offers 
ready-to-mount linear systems that can 
be easily incorporated in almost all drive 
control applications. U.S. manufactured 
aluminum shaft support rails in stan-
dard lengths of both 24" and 48", are 
used in shaft rail assemblies as econom-
ical methods for mounting case hard-
ened and precision ground 60 Plus or 
440C shafting. The assemblies conform 
to industry specifications and provide 
stable and highly efficient linear motion 
guidance for continuous or intermittent 

load operations. Shaft and rail systems 
are available in six standard configura-
tions, which incorporate a single, dou-
ble, or twin pillow block. Either two cast 
steel support blocks or an aluminum rail 

can support the carriage plate. The 
patented Lee Roller Bearing Pillow 
Block provides for self-alignment 

capabilities, easier clearance ad-
justment, and better corrosion 
resistance with longer life ex-
pectations and operations at 
higher speeds. Systems are 

available with either the 
Roller Bearing Pillow 
Blocks or with Precision 
Plus self-aligning linear 

ball bearing pillow blocks.
‘‘Optimizing a system to obtain a 

maximum economic advantage can be 
challenging,” said Lee’s CEO, Alan 
Haveson. ‘‘Lee’s shaft rail assemblies 
and systems provide cost-effective so-
lutions. With our larger rolling diame-
ter pillow blocks, we are able to provide 
smooth and consistent operations even 
at high speeds.”

For more information:
Lee Linear
727 South Avenue
Piscataway, NJ 08854
Phone: (800) 221-0811
www.leelinear.com

product news

Hansen
Extends Gearbox Product 
Offering for EMEA Region

Industrial gear unit specialist Han-
sen Industrial Transmissions (HIT), 
acquired by Sumitomo Heavy Indus-
tries (SHI) Ltd. in March 2011, recently 
announced that its European assembly 
center, based in the Antwerp gear plant, 
will integrate the engineering, produc-
tion, assembly, sales and service of the 
Paramax industrial gearboxes of Sumi-
tomo for the Europe, Middle East and 
Africa (EMEA) region. As such the 
company has forged, together with the 
Power Transmission & Controls group 
of SHI, a customer oriented sales and 
service platform. Alongside, a clear 
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product strategy for the EMEA region 
has been developed, offering its custom-
ers and end users a more accurate selec-
tion of gear units to serve both high and 
low torque applications. With the re-
gional sales and service network all over 
the EMEA area, higher and more flex-
ible availability of local contacts is as-
sured. Integrating Paramax gear units in 
the HIT product portfolio and incorpo-
rating the production of Paramax in the 
Belgian gear plant later this year, cus-
tomer responsiveness will improve sig-
nificantly.

For more information:
Hansen Industrial Transmissions N.V.
L. da Vincilaan 1 B-2650 Edegem
Antwerp – Belgium
Phone: +(32) 3 450 12 11
www.hansenindustrialgearboxes.com

Thomson
Releases FluoroNyliner 
Bearings

Thomson Food Grade FluoroNyliner 
Bushing Bearings feature a non-mag-
netic 303 Stainless Steel corrosion resis-
tant sleeve with a self lubricating liner 
that is FDA and USDA compliant, en-
abling them to excel in challenging food 
processing, pharmaceutical and medical 
applications. They are offered in Open 
and Closed types, with specific machin-
ing options available to satisfy unique 
application requirements.

“By eliminating the need for ball 
bearings, these food grade bushing bear-
ings can operate on soft shafting such as 
Thomson ‘corrosion proof ’ 316 Stainless 
Steel or Ultra Light Aluminum Linear-
Race shafting to deliver exceptionally 
long life and reliable operation in wash-
down environments,” says Tom Dwyer, 
business unit manager, Thomson Linear 
Bearings and Guides.

Thomson Food Grade FluoroNylin-
er Bushing bearings feature robust liner 
material that can withstand a maximum 
continuous PV value of 10,000 psi ft/
min, can handle high loads with a maxi-
mum static pressure value of 1,000 psi, 
and provide maximum no load speeds 
to 400 ft/min. in temperatures rang-

ing from -400°F up to 385°F. They are 
available in optional Stainless Steel pil-
low block assemblies in Closed, Open, 
Flanged and Twin styles, and can be 
combined with a wide range of corro-
sion resistant LinearRace shafting op-
tions, including 440C and 316 Stainless 
Steel, Ultra Light aluminum and plated 
60 Case, to deliver optimized perfor-

mance specific to the application re-
quirements.

“Stainless Steel pillow block assem-
blies are a particularly significant op-
tion in food processing applications, as 
carbon steel will corrode over time, and 
even aluminum is susceptible to cor-
rosion caused by the caustic solutions 
commonly used in washdown environ-
ments,” explains Dwyer.
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product news

Carbon,  
alloy and  
stainless  

4–144” OD.

mcinnesrolledrings.com

*with materials in stock 

Thomson also offers a number 
of additional 440 Stainless Steel 
corrosion resistant linear bear-
ing alternatives to help keep ma-
chines up and running in appli-
cation environments subject to 
corrosion challenges. These in-
clude Precision Steel Ball Bush-
ing bearings that provide reli-
able operation in temperatures 
up to 600°F, Metric MultiTrac 
Ball Bushing bearings that pro-
vide twice the load carrying capacity 
of conventional ball bushing bearings, 
and self-aligning Super Ball Bushing 
and Super Smart Ball Bushing Bear-
ings that, in combination with genuine 
Thomson 60 Case Shafting, can provide 
up to 50 percent longer life than imita-
tion bearings and shafting.

For more information:
Thomson
1500 Mittel Boulevard
Wood Dale, IL 60191-1073
Phone : (540) 633-3549
thomson@thomsonlinear.com
www.thomsonlinear.com.

Muncie
Offers Gear Pump and 
Power Drive Technology

Muncie Power has improved tradi-
tional gear pump technology with the 
development of the Optimum series 
hydraulic gear pumps, which offer a 
unique, bushing style design with en-
hanced durability and pressure capa-
bilities while still maintaining a rea-
sonable size and competitive cost. 
These specialized hydraulic gear 
pumps incorporate a distinctive 
load holding feature known as the 
“Opti-Grip.” The “Opti-Grip” de-
sign contributes to proper housing 
alignment and also helps prevent 
casting separation and pressure bulg-
ing, which allows the Optimum pumps 
to operate at high pressures. Large shaft 
journal diameters resist shaft deflection, 

and ultra-premium bushings allow for 
long-term usage in extreme conditions.

In addition, the Optimum series uti-
lizes a 13-tooth gear design, which re-
duces the frequency of the hydraulic 
pressure pulses in the system, reducing 
hydraulic noise. The Optimum series 
is available in three frame sizes, W, X 
and Y, with flow rates from 6–62 gpm 
at 1,000 rpm with pressure capabilities 
up to 4,350 psi. Optimum products are 
designed to be bi-rotational and include 
side and rear ports, making them quite 
versatile. SAE straight thread ports are 
standard on all units, however; split-
flange ports are optional for side ports 
on all frame sizes. This flexibility of-
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The widest range of
gearboxes, gearheads,

gearmotors and reducers
available from a
single source...

... and the experience
to help you select the

right one for your needs.

Let DieQua be an extension
of your design team.

Contact us today!
www.diequa.com
630-980-1133

Gearmotors & Reducers

Servo Gearheads

Spiral Bevel Gearboxes

Special Design Gearboxes

fers reduced inventory levels for service 
replacement units.

SS88 series. Just what are your options 
if your truck has only one PTO open-
ing and you need to drive more than one 
auxiliary device? Perhaps your best bet 
is to take advantage of Muncie Power 
Products’ new Auxiliary Power Drive 
SS88 series Splitshaft PTO. The SS88 
series makes it possible to mount two, 
8-bolt type PTOs in the main drive 
shaft behind the transmission on me-
dium and heavy duty vehicles. There 
are two through shaft torque options 
available for the SS88:14,000 lb. ft. rat-
ing and the 21,000 lb. ft. rating. A high 
quality 6-pitch spur gear is equipped in 
the PTO drive gear for the SS88 and 
can endure the torque ratings of the 
large 8-bolt PTOs, such as the Muncie 
82 series. Air or hydraulic through shaft 
options are available to disengage the 
rear axle which allows for stationary op-
eration. PTOs can be mechanically, air-
mechanically and/or air-clutch shifted 
depending on the series specified.

For more information:
Muncie Power Products
201 East Jackson Street
Muncie, IN 47305-2834
Phone: (765) 284-7721
www.munciepower.com

Graphalloy 
Bushings
Offer Oil Field Solutions

Graphalloy wear rings and bushings 
from Graphite Metallizing Corporation 
provide performance superior to stan-
dard metal stationary 
and rotating wear parts 
in pumps for CO2 ser-
vice in oil field applica-
tions. Self-lubricating 
Graphalloy, a graphite/
metal alloy, alleviates 
concern about bear-
ing failures or possible 
flashing of CO2.

The ability to operate without addi-
tional lubrication is important in CO2 
injection applications because CO2 has 
low lubricity. Standard metal wear parts 
rely on the lubricity of the liquid being 
pumped for proper operation so they are 
prone to failures in pumps used to in-
ject CO2. In addition, due to high suc-
tion pressure required to keep CO2 as a 
dense phase liquid, flashing is always a 
possibility.

CO2 injection in older, low flowing 
wells is becoming an increasingly popu-
lar method for permeating rock forma-
tions and forcing more oil to the sur-
face. Many older wells still contain vast 
amounts of oil locked in the pores of 
rock layers deep underground. CO2 in-
jection often releases more oil in older 
wells than can be released by water in-
jection.

“Use of self-lubricating, non-galling 
Graphalloy materials in pumps for CO2 
service provides substantial cost savings 
by avoiding expensive downtime and 
field repairs caused by wear part fail-
ures,” said Eben Walker, general manag-
er of Graphite Metallizing Corporation. 
“Graphalloy is currently the material of 
choice for many oil field applications in 
North America and around the world.”

For more information:
Graphite Metallizing Corporation
1050 Nepperhan Avenue
Yonkers, New York 10703
Phone: (914) 968-8400
www.graphalloy.com
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Ondrives
Introduces Removable Top 
Linear Shaft Supports

Ondrives US Corporation announc-
es removable top low profile linear shaft 
supports. Top loading offers easier as-
sembly and re-alignment of shafts and 
bearings when needed with less down-

time. The removable top allows quick 
replacement without the loss of align-
ment position. These patent pending 
LPB Shaft supports are also low profile, 
only 0.87" high for 0.25" shaft diame-
ter. They are precision manufactured in 
aluminum, are gray anodized and have 
alloy steel fasteners. Ondrives US Cor-
poration also manufactures precision 

ground stainless shafting in 303, 316 
and 17-4 PH with a hardness of RC 40.

For more information:
Ondrives US Corporation
216 N Main Street
Freeport, NY 11520
Phone: (888) 260-7466
www.ondrivesUS.com

Sakor 
Dynamometers
Engineered for Low Power 
Applications

Sakor Technologies, Inc. recently in-
troduced the MicroDyne series of small 
motoring dynamometers. Suitable for a 
wide range of automotive, military and 
aerospace testing applications, this new-
est innovation from Sakor is capable of 
testing all types of small rotary devices 
such as motors, pumps, generators, com-
pressors and more. The MicroDyne is 
a fully functional, four-quadrant dyna-
mometer engineered specifically for low 
power applications. Versions are avail-
able in sizes from 100 watts to five kilo-

product news
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better parts, start to finish.

watts. For applications operating at five 
kilowatts and above, Sakor’s AccuDyne 
AC dynamometer system is readily com-
patible with larger rotary components as 
well as conventional engine and power-
train systems, hybrid vehicle drives and 
electric motors. Both the AccuDyne 
and MicroDyne offer precise speed and 
torque control. This is especially true in 
low speed applications where full torque 
can be applied all the way to stall (zero 
speed). Modern drive technology also 
allows the systems to provide seamless 
crossover between motoring and loading 
modes. Advanced features for more so-
phisticated testing requirements include 
inertia simulation, engine simulation, 
and NVH testing capability.

For more information:
Sakor Technologies
2855 W. Jolly Road
Okemos, MI 48864
Phone: (517) 332-7256
www.sakor.com

Zero-Max
Offers ETP Express Bushings

ETP Express (Model R Stainless 
Steel) keyless shaft locking bushings 
feature high torque capacity. They are 
suitable for locking into position gears, 
pulleys, sprockets and other components 
in a machine’s power transmission sys-
tem. Handling torque ranges from 34 to 
6,400 ft. lbs., these stainless steel ETP 
Express-R shaft locking bushings work 
in systems requiring frequent wash-
downs because they are easily cleaned 
and won’t corrode. They have sealed, 
clean lines that resist debris collection 
and clean easily without any special 
maintenance, according to the company.
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“The torque transmission capacity 
for these ETP Express-R stainless steel 
bushings is two-and-a-half times great-
er than conventional bushings. Their 
unique design made of stainless steel 
makes this possible,” reports Robert 
Mainz, Zero-Max sales manager. “They 
are ideal for the high performance re-
quirements of servo systems and espe-
cially systems where space limitations 

are present. They provide high torque 
transmission and have a very compact 
footprint.”

ETP Express-R bushings feature 
just one radial actuation screw for fast 
mounting, repositioning and phasing 
of the components to the shafts. They 
position in seconds and can be read-
justed many times just as quickly and 
without any axial movement of the 

bushing or component along the key-
less shaft. An Allen wrench is all that is 
required to mount and lock these bush-
ings into place.

For more information:
Zero-Max
13200 Sixth Avenue North
Plymouth, MN 55441
Phone: (800) 533-1731
www.zero-max.com

Bauer
Supplies Gear Motors for 
Bridge Construction

Russky Island is located just off of 
Vladivostok, Russia, with the East-
ern Bosphorous strait separating the 
island from the Muravyov-Amursky 
Peninsula. As part of a massive regen-
eration project, development work be-
gan to turn the island into a large-scale, 
state-of-the-art tourist resort. Plans 
were drawn up for the construction of 
a bridge that would link the island to 
the mainland. That same year, it was an-
nounced that these new facilities would 
host the APEC summit in September 
2012. A fast-track construction sched-
ule was initiated resulting in the last 
section of the central span being lifted 
into place on April 2, 2012. The bridge 
is expected to be opened for traffic by 
July 2, 2012.

With Vladivostok being the largest 
Pacific port in Russia, the bridge had to 
be high enough to allow passage for any 

class of vessel. In addition, the Eastern 
Bosphorous strait is 1,460 meters wide 
in the bridge project area. The finished 
bridge breaks numerous world records, 
rising more than 70 m above the high 

product news
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water level, with a central span 1,104 m 
long. Pylons 320 m high will hold stay 
cables 580 m long.

One of the most demanding phases 
of construction was the assembly of the 
central span, made up of 103 panels, each 
12 m long, 26 m wide, and weighing a 
total of 23,000 tons. The panels are aero-
dynamically designed to give the bridge 
maximum stability in the high winds for 
which the region is renowned. The pan-
els were delivered by barges which were 
carefully positioned under the installa-
tion using GLONASS, a Russian global 
satellite navigation system.

Lifting the enormous panels from the 
barges to an elevation of 70 m and into 
position was a precision operation tak-
ing about one and a half hours to com-
plete. A special crane needed to be de-
veloped for this unique application. 
That development was put in the hands 
of the Mostovik Crane Factory, which 
specializes in the manufacture of large-
capacity cranes for the most challeng-
ing applications. A custom-designed 
Mostovik derrick crane was installed 

on the bridge center span deck, canti-
levered over the nose and facing toward 
the strait. The crane was equipped with 
a wind gage, a lifting height indicator, 
and an indicator that shows precise pan-
el position during the lift.

The application requirements for this 
crane would have to lift and safely po-
sition panels weighing more than 300 
tons each and operate reliably in ex-

treme temperatures as low as -30°C. 
To meet these requirements, Mostovik 
Crane Factory turned to Bauer Gear 
Motor.

Bauer supplied BF Series geared mo-
tors, with torques from 10100-13400 
Nm. BF Series geared motors can be 
mounted in any required position – hor-
izontally, vertically or suspended. Total 
flexibility in mounting options includes 

19www.powertransmission.com     june 2012     powertransmissionengineering

http://www.powertransmission.com/ctr.php?source=PTE0612&dest=http://www.rw-america.com


It's your green world. We help moving it.

• High quality and unique GEARS until 2 meter

• State of the art, ECOLOGICAL and
LEAN PROCESSES

• Gear production completely VERTICALLY
integrated, inclusive heat-treatment

• Innovative gear DESIGN knowhow

• MICRO corrected gears for:

  - gearlifetime over 25 years

  - higher efficiency

  - lower noise and vibration

• WORLDWIDE production plants: Romania, 
Belgium, Czech Republic, USA and China

www.watteeuw.be

shaft, foot, face and flange solutions. The 
motor terminal box can be mounted in 
alternative positions rotated in 90-de-
gree steps around the motor frame.

Generously dimensioned ball or roll-
er bearings, case-hardened forged and 
ground gears, and internally and exter-
nally reinforced gearboxes ensure a long, 
low-maintenance service life. A hard-
ened wear sleeve and spray ring at the 
rotor seal allow for reduced sump capac-
ity, reliable lubrication and many years 
of leak-free performance.

The BF Series geared motors are 
completely enclosed and sealed to IP65 
as standard (IP66 optional) against dust 
and water spray. Important for use in 
the Russky Island bridge application, 
the geared motors also provide compre-
hensive corrosion protection.

For more information:
Altra Industrial Motion
449 Gardner St.
South Beloit, IL 61080.
Phone: (815) 389-6227
www.altramotion.com

Baldor
Offers Complete Line of AC 
Motors

Baldor Electric Company now offers 
customers in North America access to 
the most complete line of large AC mo-
tors in the world from a single, local 
sales team. Baldor Reliance stock 
and custom motors are avail-
able up to 15,000 hp, while 
ABB induction and synchro-
nous motors are available up 
to 100,000 hp. This large AC 
motor offering includes both 
NEMA and IEC configura-
tions, assuring customers they 
will get the motor that meets frame, 
enclosure and duty cycle standards 
for any application, anywhere in 
the world. Every large AC mo-
tor is designed and built for re-
liability, energy savings and 
rugged performance. Local 
presence, combined with a 

global technical field sales support team 
serving both Baldor and ABB, means 
customers will receive the best service 
and support in the industry.

For more information:
Baldor Electric Company
5711 R.S. Boreham, Jr. St.

Fort Smith, AR 72901
Phone: (479) 646-4711

www.baldor.com

product news
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Zero
Air Bearings Provide a More-Precise 

View of Print Head Variations



An EFI printer for which the print head 
reference system was developed.
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In the printing industry, image is everything 
and reproducing images that are visually pleasing can be a 
challenge for large-format printers. The human eye can dis-
cern print resolutions of 300+ dpi using more than 10 million 
colors. Unfortunately, slight variations in print heads as well as 
in the mechanics of the printers themselves are often directly 
translated into artifacts in a print image that the human eye 
can easily distinguish.

Electronics for Imaging, Inc. (EFI), located in Foster City, 
California, has made a name for itself as a leader in digital 
print servers and controllers as well as super-wide format 
printers and inks. In order to understand some of these print 
head variations, EFI contracted motion control specialist Axis 
New England to design and develop a reference mechanical 
system for the in-house testing of various print heads from 

different manufacturers. Understanding the differences in the 
print heads requires a reference system with precise mechanics 
that will minimize print artifacts. To accomplish this level of 
precision, Axis New England utilized air bearings.

New Way Air Bearings is an independent manufacturer of 
modular air bearing products and a provider of porous media air 
bearing solutions. The company manufactures a standard line 
of modular, off-the-shelf components including: transition and 
precision zone air bars; flat round and rectangular air bearings; 
vacuum preloaded air bearings; radial air bearings; air bushings; 
and air slides. The company’s flat round air bearings were the 
first to be offered as a complete product line and they remain 
one of the most popular standard components offered by New 
Way. The 65 mm flat round bearing seemed a suitable choice for 
the needs of the mechanical system in question.

Friction 
Solution



Unlike rolling-element bearings, air bearings utilize a 
thin film of pressurized air to provide a ‘zero friction’ load-
bearing interface between surfaces that would otherwise be 
in contact with each other. And unlike traditional ‘orifice’ 
air bearings, New Way delivers the air through a porous 
medium to ensure uniform pressure across the entire bear-
ing surface. This enables a consistent, robust, non-contact 
performance that virtually eliminates traditional bearing-
related problems like friction, wear, and lubricant handling. 
It also offers distinct advantages in precision positioning, 
speed, acceleration, and—as it related to EFI’s require-
ments—straightness and flatness of motion.

New Way’s porous media air bearings are used as an en-
abling technology in an increasing array of linear and/or 
rotary motion applications in diverse industries including: 
semiconductor, flat panel display manufacturing, CT scan-
ning, medical, automotive, aerospace, metrology and preci-
sion machine tool.

“We knew we would be limited with a rolling-element 
bearing,” said Greg Ellrodt, senior systems engineer at Axis 
New England. “New Way’s porous media air bearing tech-
nology provides consistent, precision performance charac-
teristics that contact bearings just can’t touch.”

Axis matched these characteristics with a precision Tru-
Stone granite guideway, a combination that enabled EFI 

to meet the stringent five-
micron straightness and pla-
nar flatness specifications 

required between the lower-axis vacuum table and the up-
per-axis print-head fixture over the center 30" print zone.

Finite element analysis (FEA) and the utilization of In-
var alloy with a low coefficient-of-thermal-expansion were 
also required to maintain specifications in the operating 
environment. Further, New Way’s gimbal-mount design 
and Omron’s precision laser sensors allowed the flatness 
to be dialed in “to spec” with slight adjustments to the air 
bearings.

The center of gravity of the X-axis carriage was opti-
mized to minimize the pitch and yaw moments on the 
air bearings induced by the Parker Trilogy linear motor’s 
2G acceleration—up to 2.5 m/s. An ultra-quiet Igus cable 
track was required to minimize velocity ripple during the 
print process.

The system utilized a Delta Tau Turbo ultra-light con-
troller with Copley Xenus macro drives on a fiber optic 
network. This allowed for the seamless integration of the 
Renishaw Resolute series of high-accuracy, absolute lin-
ear encoders with 50 Nm resolution on the Y and Z axes, 
and Renishaw’s dual-output, tonic series incremental en-
coder. One signal was used to synchronize the printing to 
the motion, while the other was used in the control loop. 
The entire system was laser-aligned and calibrated with the 
Renishaw XL-80 laser system; compensation tables were 
applied to the Delta Tau controls to obtain a better than 
five micron accuracy over the lengths of travel.

The result is a reference system that provides EFI with 
an accurate understanding of print head variation.

“The system delivered by Axis New England has sur-
passed our expectations and original specifications,” said 
Lucas Norman, print head engineer II at EFI. “The ex-
treme accuracy that it provides is furthering our ability to 
characterize print heads, and will play an important role as 
we develop the next generation of inkjet printers.”

Axis New England is a New Way Air Bearings dis-
tributor for the northeastern United States, and one of 
22 worldwide. “The advantage of working with Axis New 
England is their level of engineering expertise,” noted Tim 

Claffey, New Way’s vice president of sales. “Air bear-
ings have been around a long time but sometimes, 
still, they require an engineer to think outside the 
box; to change the paradigm. Axis understands 

air bearings. Not only do they convey 

EFI reference mechanical system for the in-house testing of print heads
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the advantages exceptionally well, but they show their cus-
tomers exactly how to get there, quickly, cost-effectively, and 
successfully. The differences are often measured in orders of 
magnitude. EFI is just one example.” 

For more information:
Gregory Ellrodt, senior systems engineer
Axis New England
6 Cherry Hill Drive
Danvers, MA 01923
Phone: (978) 774-7100
Direct: (978) 406-4070
Greg@axisne.com
www.axisne.com

Michael Wright, director of marketing
New Way Air Bearings
50 McDonald Blvd.
Aston, PA 19014
Phone: (610) 364-3453
mwright@newwayairbearings.com
www.newwayairbearings.com

http://www.powertransmission.com/ctr.php?source=PTE0612&dest=www.ODG.com
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Regardless of where you do business, when discussing, ana-
lyzing or worrying about “The Economy” these days, you’re 
not thinking Main Street—you’re thinking global. With that 
stipulation, it is also accepted wisdom that quality products 
and sharp pencils are not enough to be and remain competi-
tive. Accordingly, everyone is looking for an edge, an advan-
tage, in order to beat back—or at least keep up with—the 
competition.

One area that can help in that regard is predictive mo-
tor maintenance (PdM). Granted, it’s not the most exciting 
of manufacturing endeavors, but ignore doing it at your own 
peril. Aside from the green results realized, robust PdM en-
sures that your operation is running on all cylinders and at 
the same time saving significant energy dollars. One can also 
think of PdM as a quality assurance hedge—i.e., you could be 
manufacturing the re-invented wheel on your shop floor, but 
if the motors used in their production are not up to par, you 
can count on downtime that you’ll never get back, as well as 
the occasional product defects that result from faulty motor 
operation.

Call it “best practices” if you like, but common sense seems 
even more appropriate. Consider: On one hand your product 
or products are selling well. New orders and new customers? 
Indeed, yes. But then get a gander at your bottom-line pro-
duction costs and suddenly things don’t look so rosy.

For the unconverted, the U.S. Department of Energy/En-
ergy Efficiency and Renewable Energy reports that “Mo-
tor-driven equipment—such as pumps, air compressors, and 
fans—consumes about 16 percent of all the energy used in 
U.S. industrial applications. Industry as a whole consumes 
more than 700 billion kWh and spends more than $30 billion 
annually for electricity dedicated to motor-driven systems.”

Not exactly chump change. The report continues: “Plants 
can begin reducing this energy usage and cost by selecting 
motor-driven equipment with the highest possible energy 
efficiency, and implementing effective system management 
practices.”

And of special interest to the manufacturing big-boys—and 
U.S. taxpayers—“The D.O.E.’s Industrial Technologies Pro-

gram (ITP) works with the nation’s most energy-intensive 
plants to uncover opportunities for reducing energy use and 
costs while maintaining—or increasing—productivity. ITP 
resources can also help industrial plants reduce maintenance 
costs, improve the reliability and efficiency of their motor-
driven systems, and minimize unscheduled downtime.” Per-
haps we can all agree that the program is a positive example of 
our tax dollars at work.

The G also has free software available; e.g., MotorMaster+ 
and MotorMaster+ International are capable of assisting plant 
managers in maintaining and managing their motor-intensive 
production lines for greater energy efficiency. According to a 
non-D.O.E. report cited by the department, the two packages 
“have already helped industry save more than $2.4 million and 
50,700 MWh annually.”

So what are you waiting for? Perhaps our discussion with 
some motor mentors will convince you that, for optimum 
plant efficiency, conducting rigorous PdM is a significant step 
in that direction.

But first, some perspective: Is PdM an important consider-
ation for manufacturers?

“Unfortunately, no,” says Dr. Howard Penrose, vice presi-
dent of Glen Ellyn, Ill.-based Dreisilker Electric Motors, Inc. 
“Over 60 percent of manufacturing/industrial facilities per-
form reactive maintenance, sometimes even if they have the 

Jack McGuinn (Senior Editor)

Use it or Lose It (Money)
(PdM):

Predictive
Motor

Maintenance

Photo courtesy of Integrated Power Services

27www.powertransmission.com     june 2012     powertransmissionengineering



(PdM)technology and the ability to perform PdM inspections. There 
is a greater recognition of the importance of PdM, but the ef-
fort necessary to implement and sustain depends on the will 
of the company, managers and personnel.”

That response begs the question: Is conducting PdM diffi-
cult? Are special skills required?

The short answers, provided by Covington, are “Very” and 
“Yes.”

Expanding on the topic, Penrose explains that “PdM pro-
grams are as complex or simple as required by the application. 
For instance, a non-critical DC motor may only require peri-
odic inspections of the brush height and tension and insula-
tion testing. The program may or may not include vibration 
analysis if it is determined to be cost-effective. On the other 
hand, motor circuit analysis, electrical signature analysis, PD 
(partial discharge) testing, vibration analysis, laser alignment 
checks, infrared analysis, oil/grease analysis, and additional, 
advanced testing may be required on more critical machines. 
It is important, however, to select PdM practices that meet 
both the needs of the application and the ability to support 
them.”

Their answers anticipate the next question: Can one assume 
(as did this reporter) that PdM is all about the software.”

While “Software is used to support the method of analysis 
(vibration analysis, MCE [motor carrier evaluation], etc.),” ac-

cording to John Covington, senior vice president of marketing 
for South Carolina-based IPS (Integrated Power Services). 
Penrose adds that “The idea behind ‘predictive maintenance’ is 
a series of tests and inspections to identify trends in the condi-
tion of equipment. The result is the ability to estimate remain-
ing life once a fault is detected. Software can assist with the 
process, but is not the backbone of a PdM program.”

Another software-related issue relates to various vendor 
packages’ adaptability to different motor-driven environ-
ments. Just how application-specific is it?

“Most applications are configured based on the equipment 
or process they are measuring,” Covington says. “A motor is 
motor, a fan is a fan, in any industry.” Penrose adds that “there 
are software packages from overall trending systems to indi-
vidual programs for specific PdM test equipment.”

With software just a cog in the PdM process, Penrose says 
that “The key to PdM programs is the correct selection of 
tools and inspections to detect the potential problems that you 
may have with a machine. This selection can be made using 
manufacturer recommendations, equipment history or tools 
such as the reliability-centered maintenance (RCM) process.”

Touching briefly on another aspect of PdM field testing: 
dangerous?

“Limited—if proper PPE (personal protective equipment) 
and safety precautions are observed,” says Covington.

Predictive Motor Maintenance
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“Field testing electric motors requires 
the technician to be aware of electrical 
shock and arc flash hazards, as well as 
potential energy and rotating compo-
nent dangers,” Penrose says. “However, 
most of the test equipment manufactur-
ers have developed safety plugs, which 
a technician can plug their equipment 
into without having to open a cabinet.”

As with other industries, standards 
abound for the motor industry, includ-
ing PdM. Published by the IEEE (In-
stitute of Electrical and Electronics En-
gineers), are they stringent?

“Absolutely; anyone that says they 
aren’t don’t doesn’t understand the in-
dustry,” Covington states.

“The only teeth that a standard has is that it demonstrates 
consensus that a particular method or action is ‘standard’ 
within the industry,” Penrose points out.

“It does, however, require an understanding of the standards 
in question. For instance, many think that the insulation stan-
dard is 1MegOhm plus 1 MegOhm-per-kilo-volt rating of an 
electric motor. However, not only is this not correct in mod-
ern motors, but the purpose of this value is to determine if the 
insulation system is in a condition to be subjected to higher 
stress electrical tests, not whether the insulation system is sat-
isfactory for operation. There are no ‘standards’ police to en-
sure that a standard is followed, other than safety, environ-
mental, manufacturing and certification standards.”

Revisiting for a moment the foot-dragging by some U.S. 
manufacturers relative to PdM—is it about older-technology, 
“old warhorse” motors vs. new-technology efficiencies?

“Actually, no,” says Penrose. “There is a misunderstanding 
that goes back many years where incorrect information got 
out that energy efficient motors were less reliable and more 
sensitive to electrical systems than standard motors. This was, 
in fact, due to a study on a non-energy-efficient electric mo-
tor that had a marketing stamp on it. Instead, energy and pre-
mium efficient motors are found to have better engineering, 
higher quality materials and greater reliability than standard-
efficient electric motors.”

And then there is the “size matters” issue with PdM. Or 
does it?

“Yes,” says Covington. “They have different operational 
complexities based on size.”

“The scope of work to maintain a larger motor may be 
significantly greater than a smaller electric motor,” Penrose 
points out. “For instance, comparing a 100 hp, 3-phase, 460-
volt motor to a 5,000 hp, 3-phase, 4,160-volt motor can be 
very different. If the 100 hp is a totally enclosed, fan-cooled 
motor, the maintenance department may grease the bearings 
on a schedule, perform vibration analysis and maybe insula-
tion resistance or motor circuit analysis testing. On the other 
hand, if the 5,000 hp is a WPII (weather-protected; the WPII 
motor is defined by NEMA MG1–1.25.8.2) enclosure, inspec-

tions may also include winding temperature by RTD (resis-
tance temperature detector), continuous monitoring of vibra-
tion, checking and cleaning filters, oil analysis, bearing RTD 
monitoring, etc.”

Electric motor testing is divided into two segments—static 
testing and dynamic testing.

What’s the difference?
Penrose explains that “Static testing relates to tests per-

formed while an electric motor is turned off (locked and 
tagged out). The purpose of this type of testing, when refer-
ring to motor circuit analysis, is to be able to detect insulation 
failure/degradation. The types of testing and detection of in-
sulation faults cannot be performed, at this time, while a ma-
chine is energized. Dynamic testing evaluates the condition 
of the power, air gap, rotor, bearings and any components that 
may be loose or misaligned.”

“Static (testing) is offline, or stationary,” says Covington, 
and it “typically involves more electrical testing. Dynamic is 
running and tends to be more mechanical.”

And speaking of testing, does PdM for AC motors differ 
markedly from DC versions?

“Yes, (in that it’s) rotor vs. armature; stator vs. main poles 
and inner poles,” says Covington.

“While there are some similarities such as with vibration 
analysis for bearings, the brushes, armature and commuta-
tor—as well as the power supply—for a DC machine add 
complexity to a program,” says Penrose. “One of the reasons 
for the popularity of AC over DC motors is that the AC mo-
tor is less complex and easier to manage and maintain. The 
DC motor has brushes, brush holders, carbon dust, contact 
surfaces, additional wiring, field and interpole coils that gen-
erate significant heat, etc. The program may include such PdM 
inspections as checking the brushes and commutator.”

Any discussion of PdM should include some attention to a 
close cousin of PdM—condition-based monitoring (mainte-
nance) (CBM). While the latter is grist for another time, we 
asked where it might fit—if at all—in the PdM universe.

“Condition-based is the extension of PdM, with service re-
quirements established based on pre-determined, alarm-level 
status limits,” says Covington.

Photo courtesy of Integrated Power Services
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(PdM)Penrose adds that “The concept behind condition-based 
maintenance is the recognition that standard maintenance 
practices will actually cause equipment failure. CBM involves 
performing maintenance tasks based upon condition inspec-
tions and/or testing of the machine. The end result is normally 
a significant cost savings and increased availability of equip-
ment, with the cost savings being an average of three-to-four 
times that of a reactive maintenance program. Reactive pro-
grams: generate a significant level of unpredictability of pro-
duction; cause MRO stores to increase; result in the need to 
increase inventory; and inflict unnecessary stress on company 
employees.”

What follows is some necessarily brief attention to several 
PdM-related issues that readers may be unfamiliar with.

Voltage imbalance—big problem?
 “Not too often,” Covington believes, but it does “create cur-

rent unbalance and excessive heat in three-phase induction 
equipment.”

With a different take, Penrose believes that “Voltage unbal-
ance is still a relatively prevalent problem. The optimal unbal-
ance is less than 2 percent from the average voltage in order to 
maintain efficiency. Past that point—up to the maximum of 5 
percent unbalance—the motor must be de-rated due to heat-
ing caused by circulating currents. Most of the time, the un-
balance is caused by unequal loading of single-phase systems 
on transformers. (But) some of the time, it can be caused by 
loose connections. The proper method of correcting the un-

balance is by first identifying it and then correcting the prob-
lem, such as balancing single phase loads.”

Infrared thermography—a common method of motor testing?
“Some companies will use infrared for electric motor test-

ing,” Penrose says. “It can accurately determine ball bearing 
temperatures at the bearing housing, detect unusual hot spots 
and some level of misalignment, and other issues visually. It’s 
most powerful application in relation to electric motors, how-
ever, is the inspection of connections and disconnects inside 
electrical panels.”

Dynamic motor analysis.
“Online electrical signature analysis (ESA)—sometimes 

referred to as motor current signature analysis (MCSA)—
has been available since the early 1980s. This technology can 
detect most power supply, electric motor and some bearing 
issues, (as well as) load-related problems through a reading 
from the motor control center or disconnect. Instead of go-
ing out to each motor in a plant, the ESA technician can get 
virtually all of the readings in a fraction of the time from the 
motor control center.”

We close with responses from Penrose and Covington to 
the question, What’s “hot” in today’s PdM world?

Covington: “The cost of differed maintenance based on not 
responding to a predictive indicator of some type is an emerg-
ing issue.”

Penrose: “The biggest issue that seems to exist related to 
PdM is follow-through by decision-makers on findings relat-
ed to the program. This mystery often relates to providing ur-
gency in a language that the decision-maker can understand. 
For instance, when performing PdM and a fault is detected, if 
you state that a bearing is going to fail in 30 days, it had better 
fail on day 30—not 29 nor 31. The reason is that most people 
do not understand that PdM findings are estimations based 
upon experience.

“In other cases, the PdM program may be used to deter-
mine the risk-of-failure of a machine and no action may be 
performed other than planning for equipment failure. If this 
is not communicated to the PdM techs, frustration results.”

For more information:
Integrated Power Services (IPS)
3 Independence Pointe, Suite 100
Greenville, SC 29615
Phone: (864) 451-5600
Fax: (864) 451-5601
www.ips.us

Dreisilker Electric Motors Inc.
352 Roosevelt Road
Glen Ellyn, IL 60137-5692
Phone: 1-(800) 922-1882; (630) 469-7510
Fax: (630) 469-0155
www.dreisilker.com

Predictive Motor Maintenance

Ph
ot

o 
co

ur
te

sy
 o

f D
re

is
ilk

er
 E

le
ct

ric
 M

ot
or

s

powertransmissionengineering     june 2012     www.powertransmission.com30



http://www.powertransmission.com/ctr.php?source=PTE0612&dest=www.forestcitygear.com


www.delta-gear.com

Aerospace Precision
As an AS 9100 & ISO 9001 Registered Company, Delta 
Gear provides aircraft quality gears and machined 
components at automotive prices. Since 1964, Delta 
Gear (formerly Tifco Gage & Gear) has been producing 
precision parallel-axis gears. Whether you are looking 
for jet engine pump gears, starter gears, propeller 
shafts or master gears, Delta Gear can help. Additionally, 
our Delta Family of Companies compliments Delta Gear 
by offering high precision machining and inspection so 
that your projects are completed on time, on budget and 
to your requirements. It is our continued passion to ex
pand our capabilities in high precision gears, machined 
components, assemblies and inspection – giving you 
the highest quality, convenience and on-time delivery.

www.deltaresearch.com

Automotive Quality & Speed
Delta Research is a world class provider of CNC 3-Axis, 
4-Axis and 5-Axis precision machining, jig grinding, 
cylindrical grinding and complete assemblies for 
automotive, aerospace and industrial applications. 
From complete automotive prototype transmissions or 
components, to defense, to aerospace machining and 
assembly, you will be impressed by our capabilities 
and commitment to quality. Registered to ISO 9001 & 
AS 9100 quality standards, Delta Research does more 
than produce high precision gears up to 20”, our 
complement to Delta Gear is that we make the homes 
for the gears. So whether you need carriers, machined 
housings, synchronizers or other engine and transmis
sion components, Delta Research can help. Our 59 
years of knowledge and expertise as a prototype and 
short run production machining and production gear 
facility only strengthens the fact that the Delta Family 
of Companies is your full-service source for gears, 
machined carriers, housings and complete assemblies.

Inspection & Testing
Our newest addition to the Delta Family of Companies is Delta Inspection. Inspired on the understanding that 
the industry needs expert abilities for contract gear inspection services, Delta Inspection has been introduced 
to meet your gear inspection and testing. Whether it is a need for gear inspection sourcing, sorting, composite 
testing, or prototype inspection, our full-service staff and complete arsenal of new inspection equipment 
proves that Delta Inspection is truly the new benchmark for accredited gear inspection. Our abilities range 
from gear inspection up to 39 inches (1 meter) to prismatic inspection of machined components, roundness, 
laser guided concentricity analysis, surface testing, material testing, Nadcap certified magnetic particle 
inspection, nital etch and much more. For more information, contact Tony at the number below.

www.deltainspection.co

734-261-6400   |   734-261-0909 Fax   |   ISO 9001 & AS 9100 Registered

Delta Family Of Companies

http://www.powertransmission.com/ctr.php?source=PTE0612&dest=http://www.delta-gear.com
http://www.powertransmission.com/ctr.php?source=PTE0612&dest=http://www.deltaresearch.com


www.delta-gear.com

Aerospace Precision
As an AS 9100 & ISO 9001 Registered Company, Delta 
Gear provides aircraft quality gears and machined 
components at automotive prices. Since 1964, Delta 
Gear (formerly Tifco Gage & Gear) has been producing 
precision parallel-axis gears. Whether you are looking 
for jet engine pump gears, starter gears, propeller 
shafts or master gears, Delta Gear can help. Additionally, 
our Delta Family of Companies compliments Delta Gear 
by offering high precision machining and inspection so 
that your projects are completed on time, on budget and 
to your requirements. It is our continued passion to ex
pand our capabilities in high precision gears, machined 
components, assemblies and inspection – giving you 
the highest quality, convenience and on-time delivery.

www.deltaresearch.com

Automotive Quality & Speed
Delta Research is a world class provider of CNC 3-Axis, 
4-Axis and 5-Axis precision machining, jig grinding, 
cylindrical grinding and complete assemblies for 
automotive, aerospace and industrial applications. 
From complete automotive prototype transmissions or 
components, to defense, to aerospace machining and 
assembly, you will be impressed by our capabilities 
and commitment to quality. Registered to ISO 9001 & 
AS 9100 quality standards, Delta Research does more 
than produce high precision gears up to 20”, our 
complement to Delta Gear is that we make the homes 
for the gears. So whether you need carriers, machined 
housings, synchronizers or other engine and transmis
sion components, Delta Research can help. Our 59 
years of knowledge and expertise as a prototype and 
short run production machining and production gear 
facility only strengthens the fact that the Delta Family 
of Companies is your full-service source for gears, 
machined carriers, housings and complete assemblies.

Inspection & Testing
Our newest addition to the Delta Family of Companies is Delta Inspection. Inspired on the understanding that 
the industry needs expert abilities for contract gear inspection services, Delta Inspection has been introduced 
to meet your gear inspection and testing. Whether it is a need for gear inspection sourcing, sorting, composite 
testing, or prototype inspection, our full-service staff and complete arsenal of new inspection equipment 
proves that Delta Inspection is truly the new benchmark for accredited gear inspection. Our abilities range 
from gear inspection up to 39 inches (1 meter) to prismatic inspection of machined components, roundness, 
laser guided concentricity analysis, surface testing, material testing, Nadcap certified magnetic particle 
inspection, nital etch and much more. For more information, contact Tony at the number below.

www.deltainspection.co

734-261-6400   |   734-261-0909 Fax   |   ISO 9001 & AS 9100 Registered

Delta Family Of Companies

http://www.powertransmission.com/ctr.php?source=PTE0612&dest=http://www.deltainspection.co


A Can’t-Miss Mix

Fairchild and Baldor partner to 
create AC-powered scoop

Nervy Enterprise
AND

Edgy Engineering:

Coal River Energy agreed to field test the first Fairchild AC powered scoop with new Baldor technology 
at its underground mine in West Virginia. At the end of the test, mine executives, impressed with the 

scoop's superior performance, bought the unit and placed an order for a second scoop.
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a U.S.-based manufacturer 
of underground mining equipment, has produced 
battery-powered DC scoops since the early 1980s. 
With 17 different models available, Fairchild offers 
a size to fit any coal mining operation, making it 
the leader in the industry.

Maintaining that leadership position led Jack 
Fairchild, Jr., the company’s vice president of sales, 
to the decision in 2011 that it was time to move 
from DC technology to AC technology. Making the 
change would require a major investment for the 
company, but Fairchild was determined to be the 
first to launch an AC-battery-powered scoop.

Fairchild International,

(This article first appeared in Baldor Electric 
Company's Solutions Magazine, 2011, No. 7. 
Reprinted courtesy Baldor.)
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“In this industry, if you want to remain successful, you have 
to stay ahead of the game,” explains Fairchild. “We also felt 
strongly that AC technology provides so many advantages 
that making the investment would be worth the risk. This is 
the technology for the future and is the best way for us to take 
our product line to the next level.”

Fairchild believed that the key to the project’s success was to 
build the right team. At the beginning of the project in 2008, 
Fairchild brought together his employees to discuss who they 
should partner with. They wanted to work with companies 
that had engineering and technical knowledge, good commu-
nications skills and the willingness to be a member of a team. 
As a result, Fairchild chose EnerSys for the battery, Magnatec 
for the drive and Baldor for the motors and gearbox.

Engineering New Products
Baldor engineers Nick Marsh (strategic account executive 

for the mining industry) and John Clark (senior customer or-
der engineer for specialty gearing) led the design team effort 
for product development. With Baldor’s history in the mining 
industry and experience in moving from DC to AC technol-
ogy in other projects, both engineers were confident they were 
up to the technical challenge. However, according to Marsh, 
the hardest and most critical part of the project comes at the 
very beginning.

“It’s our job to take the time to ask all the right questions 
up front so we can get detailed specifications,” explains Marsh. 
“In this case, we helped the Fairchild team think through the 
machine and the application so we could address all of the 
possible issues and requirements. It’s critical to get a clear un-
derstanding of their requirements and expectations so we can 
design and build the exact product they need.”

From a motor perspective, that means detailing the exact 
torque and speed requirements. And because the motor would 
be controlled with a variable frequency drive (VFD), the Bal-
dor team worked closely with the drive manufacturer to op-
timize performance. According to Marsh the traction motor 
developed for Fairchild is based on the Baldor-Reliance RPM 
AC motor design—with a good many enhancements.

“We optimized the pole design to meet the torque and speed 
requirements,” explains Marsh. “This motor is MSHA explo-
sion-proof-approved, and we added a robust sealing system so 
it can more than handle the underground environment. And, 
as requested by the customer, we also added a feedback device 
for better speed control.”

With motor specifications in hand, the gearing team began 
its design work by starting with an existing gearbox base and 
then building from there. Engineers created a new gear ratio 
to meet Fairchild’s exact needs for torque and speed, building 
a box with new gears and bearings strong enough to handle 
the force. For Clark, the bigger design challenges came from 
some special requests by Fairchild.

“The company wanted us to design the gearbox so it could 
be used on either side of its dual-tram scoop,” explains Clark. 
“This universal design means they only need to stock one gear-
box because it is interchangeable. A box that can be flipped 
gives them the flexibility they need to manage their inven-
tory.”

One other feature Fairchild wanted was a self-contained 
brake, mounted directly on the gearbox. In the past, Clark ex-
plains, brakes were mounted with brackets hanging off the 
side of the box, thus taking up a great deal of space.

“To accommodate this request, we created new patterns and 
new castings for the top of the gearbox,” says Clark. “This was 
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a great idea because now that the brake is a part of the gear-
box, it’s more secure and provides much better performance.”

Because this was a new design, the project team attached 
special instrumentation on the box to capture data, while Fair-
child ran the completed unit under test at its facility. Clark 
says the data was critical for him to understand what the gear-
box was doing and how it performed under test.

However, Clark was not content with just collecting and 
studying data.

“I visited Fairchild after the test was finished and tore the 
gearbox down so I could examine and evaluate it myself,” says 
Clark. “I looked at the gear patterns to make sure there were 
no issues, and I did the same thing with the bearings, making 
sure there was no unusual wear. What I found was that every-
thing looked great.”

Achieving Results
While the AC-powered scoop performed beyond expec-

tations at the Fairchild location, Ken Mosley, Fairchild vice 
president of customer service, was eager to get some running 
time on the scoop at an actual mine site. Coal River Energy 
agreed to take a unit and use it at one of its coal mines and 
provide feedback on what it thought of the new technology.

“I was fairly confident that it would run successfully at the 
mine, but then again you never know what might happen,” 
says Mosley. “It turned out to be a manufacturer’s dream be-
cause they started running the scoop and it never quit. After 
three months of testing we met with them to get their feed-
back, and to our surprise, they asked to purchase the unit. It 
was even more exciting when they quickly ordered a second 
unit plus put in an order for one of their DC scoops to be con-

verted to AC. We couldn’t have scripted a better introduction 
of a new product.”

Mosley says the reasons Coal River Energy was so quick to 
adopt the new technology come down to performance, du-
rability and longevity. He describes the new AC scoop as a 
workhorse, ideally suited for slope-graded mines and with 
machine torque greater than any other scoop on the market. 
He says that everything he wanted this scoop to do, it does.

“This new scoop goes faster and maintains a constant 
speed—even going uphill,” explains Mosley. “This AC unit 
runs cooler, and less heat means all of the other equipment 
lasts longer and reduces the amount of maintenance required. 
But most importantly, the battery life in our new unit is now 
twice the life of DC units.”

Fairchild achieved his goal of being the first to introduce 
AC technology to battery-powered scoops. He says he never 
doubted the team could pull it off because he involved all the 
right people. So, what comes next?

“This is the technology of the future,” claims Fairchild. 
“Right now, we are ahead of the game, and that’s exactly where 
I want to stay. We will continue to improve the technology, 
perfecting it for our complete line of equipment. Who knows 
what the future will bring?” 

For more information:
Baldor Electric Company
5711 R.S. Boreham, Jr. St.
P.O. Box 2400
Fort Smith, AR 72901
Phone: (479) 646-4711
Fax: (479) 648-5792
baldor.com

Fairchild International
P.O. Box 300
Glen Lyn, VA 24093
Phone: (540) 726-2380
Fax: (540) 726-2388
sales@fairchildint.com

Fairchild International chose Baldor to help it move from DC to AC 
technology. Baldor engineers designed a gearbox (front of photo) 
with a new gear ratio to meet torque and speed requirements, 
while adding bearings built strong enough to handle the force 
of the application. The traction motor developed for the project 
is based on the Baldor•Reliance® RPM AC® product, with an 
optimized pole design, a robust sealing system to withstand 
underground environments and a feedback device for better 
speed control. The motor is also MSHA-approved explosion proof.

A commitment to craftsmanship and quality has made Fairchild 
International a leading manufacturer of underground mining 
equipment.
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Introduction
How fast trains can travel has long been critical to railway 

development.
In 1830 the world speed record was 48 km/h (about 30 

mph). Less than a century later (1903), in Berlin, a Siemens 
railcar exceeded 200 km/h (ca. 125 mph) (Ref. 1). And with 
streamlined steam locomotives, there were speed records set of 
more than 200 km/h prior to World War II.

These speed records were not achieved in regular service, 
however.

In fact, the first regular-service, high-speed train—the 
Shinkansen—debuted in Japan, 1964. Its maximum speed was 
200 km/h (ca. 124 mph), which was boosted the following 
year to 210 km/h (ca. 130 mph); its average speed was about 
163 km/h (ca. 100 mph). And because only narrow-gauge 
track of 1,067 mm-width was available in Japan prior to the 
Shinkansen era, this high-speed train rolled with a custom, 
made-to-fit track system devoid of any local or freight traffic.

The result: uninterrupted, high cruising speeds and short 
traveling times—right from the beginning (Ref. 2).

In Europe, one of the first regular-service lines operating 
at 200 km/h was the TEE—between Paris and Toulouse—
with specially adapted SNCF locomotives (French National 
Railways). But the ultimate breakthrough in European high-
speed rail history was the French TGV, in 1981, with a maxi-
mum operating speed of 270 km/h (168 mph). Later versions 
reached maximum speeds of 300 km/h (186 mph) and 320 
km/h (ca. 200 mph).

The German ICE was next. Still known in the early 1980s 
as the Inter City Experimental, the name was later changed 
to Inter City Express. The experimental-version ICE-V set a 

(From Proceedings of the 2010 Joint Rail 
Conference—JRC2010—April 27-29, 
2010. Reprinted with permission.)

Rolling Bearings
in High-Speed 
Passenger Traffic

Matthias R. Kilian

Management Summary
Passenger transport today moves significantly faster than ever before, often operating on separate tracks especially de-

signed for high-speed trains. Accordingly, high-speed rolling bearings are very important components in the bogies of 
trains today. Maximum train speeds currently reach 380 km/h (236 mph) in the latest high-speed applications—80% 
higher than in the earlier days of high-speed traffic. This paper presents two application examples of modern, high-speed 
traffic, together with some typical bearing arrangements and housings. It provides insight regarding measures taken in the 
bearing industry to meet the requirements of contemporary, high-speed traffic, and it cites important standards and regu-
lations applicable for—but not restricted to—European applications. To be precise, the focus here is on journal bearings; 
information on traction motor bearings, transmission bearings and housings is included, but described in less detail.

Figure 1—High-speed bogie (courtesy Siemens Mobility).

Figure 2—VELARO train based on ICE-3 technology 
(courtesy Siemens Mobility).
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new world speed record of 406.9 km/h (253 mph) in 1988. 
Regular service of the ICE trains started in 1991 when the 
required, new high-speed tracks were ready. The ICE is the 
fastest and most comfortable train class in Germany; in ad-
dition to the first version are successor versions ICE-2 and 
ICE-3. The latter is also the basis for newer developments for 
other countries. (As defined in Europe, high-speed rail is a 
system of rolling stock and infrastructure that regularly op-
erates at or above 250 km/h on new tracks, or 200 km/h on 
existing tracks.)

A further definitive aspect is the use of continuous welded 
rail that sufficiently reduces track vibrations and discrepancies 
between rail segments, thus enabling trains to pass at speeds 
in excess of 200 km/h (Ref. 3).

Nomenclature
Because of the difference in technical terms used in Europe 

compared to other regions—North America, for example—
some terminology issues should be addressed at the outset.

Starting with the bearings; there is the collective term, “roll-
ing” bearing. Rolling elements can either be balls or rollers, 
and in Europe this term is used collectively. In America the 
term “anti-friction” bearing is probably more common for the 
general category of such machine elements. One can also find 
“rolling contact” bearing or just “ball and roller” bearing as 
general terms. Another distinction is the shape of the roll-
ing elements; sub-categories of rolling bearings thus are “ball” 
bearings and “roller” bearings. The term “axle box” is defined as 
an “assembly comprised of box housing, rolling bearings, seal-
ing and grease (Ref. 4).” A special type of rolling bearing used 
in the axle box is called a “cartridge” bearing, according to the 
cited European standard (Ref. 4).

And there are other names, too. “Wheel-set” bearing is one, 
“axle box rolling” bearing another. In America—especially in 
North America—such bearings are called “axle journal” bear-
ings—or just “journal” bearings. The terminology largely de-
pends on the continent, country or organization where it is 
used. In North America, the axial clearance of journal bear-
ings is usually called “bench lateral play” or just “bench lat-
eral.”

Weight or mass units are also different between the Euro-
pean continent and Great Britain or America; e.g., when this 
paper cites a mass in tons it always means metric tons.

Bearings in Rail Vehicles
Although there are several other locations in rail vehicles 

where rolling bearings can be found, this paper concentrates 
on the bogie (Ed.’s note: A bogie is an assembly of four or six 
wheels forming pivoted support at either end of a railway coach; 
it provides flexibility on curves.) and therefore largely omits ve-
hicles that do not run on bogies.

One exception is the TALGO train, which is not using 
classic bogies under its coaches. The TALGO train family is 
briefly mentioned in the next section. The author principally 
focuses on classic wheel-rail-systems and does not cover other 
systems like the Maglev technology (magnetic levitation).

Figure 1 shows the SF500 bogie used in several of the cur-
rent high-speed trains. As stated on the manufacturer’s web-

Figure 3—ICE–3.

Figure 4—Tapered rolling bearing base unit.

Figure 5—Example of cylindrical bearing design.
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site (Ref. 5), this bogie is designed for ultimate riding comfort. 
Elaborate calculations on running-gear technology have led 
to a design distinguished by optimum properties of stability 
and comfort, as well as excellent track guiding behavior. The 
modular concept enables building the SF500 bogie as a driven 
bogie and also as a trailer bogie (Ref. 5).

In the bogie of a rail vehicle there are usually three major 
components of special interest for bearing suppliers.

With driven bogies these components are 1) the traction 
motor, 2) the transmission and, above all, 3) the axle box with 
the journal bearings (as they are called in North America).

For high-speed applications the axle box bearing system 
consists of a housing-and-bearing assembly.

The following will concentrate on the rolling bearings at the 
axle journal; housings, transmission bearings and traction mo-
tor bearings are addressed at the conclusion.

Today’s High-Speed Trains
Today there are high-speed traffic systems on almost all 

continents. Earlier generations of high-speed trains were 
mostly of the push-pull arrangement. In newer development 
of high-speed trains, however, the multiple-unit concept has 
established itself as the most common train configuration. The 
term multiple unit (MU) is used to describe a self-propelling 
train unit that is capable of coupling with other units of the 

same or similar type while still being controlled from one cab 
(Ref. 6).

For high-speed applications the EMU (Electric Multiple 
Unit) is the dominating train type (Fig. 2). With combus-
tion engine propulsion, such systems are called DMUs (Die-
sel Multiple Units). The referenced German high-speed trains 
ICE-1 and ICE-2 are push-pull train configurations with 
electric-driven power heads at both ends. The ICE-1 had two 
power heads at the train ends and 12 passenger coaches in 
between. The main difference of the ICE-2 is that it employs 
the “half-train” concept. “Full” trains are configured with two 
push-pull trains linked together. A half-train can operate as 
an independent push-pull train unit; it has just one power 
head. On the other end there is a control car that is not driv-
en, but is equipped with a driver’s cab; it takes on passengers 
just like the coaches. The engineer can shift from the power 
head to the control car and thus quickly change the driving 
direction. Six passenger coaches are fixed between the power 
head and the control car. For the main high-speed lines, two 
of these half-trains are usually coupled together, with the two 
control cars in the center. The passenger coaches of the ICE-1 
and ICE-2 trains are non-driven in that there are only trailer 
bogies beneath them. The newer ICE–3 train (Fig. 3) and its 
relatives outside Germany are of the EMU design, with dis-
tributed power; these trains no longer use power heads.

One of the most successful representatives of today’s high-
speed traffic is the Siemens train family VELARO. The basics 
of this train are derived from the German ICE-3, but there are 
different versions of this train operating in different countries.

The train shown in Figure 2 for the Spanish state railway 
RENFE is called VELARO–E (E for España). The VELA-
RO–RUS (Russia) is running on the 1,520 mm (59.8 in.) 
track gauge instead of the common 1,435 mm (56.5 in.). And 
there is the VELARO–CN (China) that is doing 350 km/h 
(ca. 220 mph) maximum service speed in the newest version.

The working name of the VELARO–CN project at Chi-
nese Railways is CRH–3 (China Railway High-Speed). The 
number three reflects the ICE–3 origin of this train design. 
CRH–1 and CRH–2 were Bombardier and Kawasaki de-
signs. Bombardier’s latest high-speed train is called ZEFIRO, 
along with other high-speed trains that are not as new but 
often have new versions. A selection of high-speed trains, to-

Table 1—Extract of applications and speeds
Train vmax. [km/h] vmax. [mph] Year

Shinkansen 200 124 1964
210 313 1965
300 186 1997

TGV 260 162 1981
270 168 1983
300 186 1989
320 199 2001

ICE-3 300 186 2006
320 199 2007

VERLARO – E 350 218 2007
RUS 250 155 2009
CN 350 218 2008

ZEFIRO 380* 236* *

* project status

Figure 6—Journal details according to EN standards.

Figure 7—Detail A from Figure 6.

powertransmissionengineering     june 2012     www.powertransmission.com40



gether with their maximum speeds and first year in operation, 
is listed in Table 1. But there are other high-speed trains not 
included in this listing; two of them should be mentioned—at 
least briefly.

Consider the AMTRAK train ACELA, running on the 
Northeast corridor in North America. The maximum speed of 
this train is not as high as with other applications, but it still 
operates under the definition of “high-speed” because it runs 
at more than 200 km/h on existing tracks, and in certain track 
sections reaches up to 240 km/h (ca. 150 mph).

The AGV train by ALSTOM is the successor of the TGV. 
It is already in service in Italy and might be selected for a Cal-
ifornia high-speed rail project that is planned to connect Sac-
ramento, San Diego, San Francisco and Los Angeles. Other 
high-speed rail applications in Europe are the Eurostar train 
and the Pendolino, by ALSTOM, the V250 train by Ansaldo-
Breda, and the Thalys train.

The TALGO is different from other trains—predominantly 
with regard to its wheel suspension. The wheels of this articu-
lated train are not joined by an axle and the coaches do not 
run on bogies. This suspension allows passive tilting of the 
train into curves, thus improving passenger comfort. The tilt-
ing also allows the train to run faster on curves—especially 
on existing track. There are different generations of TALGO 
trains, including a couple of high-speed versions. TALGO is 
of Spanish origin but the trains run in several European coun-
tries.

A significant difference in TALGO trains is that many of 
them are equipped with a variable gauge mechanism; i.e., with 
this device the train can cope with different track gauges by 
adjusting the wheels accordingly—to a closer or wider pitch. 
This allows throughput, for example, in cross-border traffic 
between countries with different track gauge, such as Spain 
and France. Indeed, much of the Iberian Peninsula’s gauge is 
different from the rest of Europe. For the TALGO 350, the 
top operational speed at Spanish state railways RENFE is 330 
km/h (205 mph). The design top speed is 350 km/h (ca. 220 
mph), but the speed is restricted to 330 km/h due to the pres-
ent-gauged lines (Ref. 7).

Axle loads and bearing bore dimension. Compared to oth-
er applications, axle loads for current high-speed vehicles are 
rather moderate. A reason for that is that with most high-
speed applications, the traction force is distributed along the 
entire train instead of using push-pull technology as in the 
earlier days of high-speed traffic. The Siemens VELARO 
trains, for example, are of the EMU type (Electric Multiple 
Unit). With the VELARO–CN project, every second bogie 
of the train is driven, and the Russian-version VELARO–
RUS has a similar concept. The axle loads of such applications 
are about 17–18 tons, depending on the train version. Based 
on axle load, the journal diameters are specified either as 130 
mm (5.12 inch) or 150 mm (5.9 inch); these are also the bore 
diameters of the corresponding rolling bearings. With EMU 
concepts, the journal dimensions, and thus the bearing size, 
are kept identical for the entire train configuration. They can, 
however, vary between different versions within one train 
family. In push-pull applications like the German ICE–1 and 
ICE–2 trains, the axle loads are different for the power heads 

and the coaches. For the ICE–1 and ICE–2, the power head 
axle load is 19.5 metric tons. The axle load of the passenger 
coaches in between these power heads is 16 metric tons. The 
newer-generation ICE–3, which is an EMU arrangement, has 
maximum axle loads of 16 metric tons throughout the entire 
train.

Rotational speeds. With wheel diameters of 830 mm (33 
inch), a common diameter of the worn wheel and vehicle ve-
locities of 350 or 380 km/h (218 or 236 mph), the rotational 
speed of the bearings of such high-speed applications results 
in 2,200 and up to more than 2,400 rpm. For a bearing the 
size of the described journal bearings, this is a rather high 
rotational speed and is not attainable using previous designs 
without modifications.

Figure 8—Bearing principle example of a high-speed train.

Figure 9—High-speed bearing with alternative sealing design.
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Bearing arrangements. From the axle box bearing viewpoint 
there are two main concepts used for high-speed applications: 
cylindrical roller bearings and tapered roller bearings.

Two-row tapered roller bearing units (Fig. 4) dominate the 
high-speed market at the moment. The bearings are usually 
designed as so-called “cartridge bearings.” Per definition (Ref. 
4), these are rolling bearings with two or more rows of roll-
ing elements within a single outer ring, greased and equipped 
with integral seals. Besides the bearings of the tapered de-
sign there are also cylindrical roller bearings used in railway 
axle boxes (Fig. 5). These journal bearings are cartridge bear-
ings with cylindrical rolling elements, usually arranged in two 
rows. They are supplied as greased-and-sealed units, as are 
tapered cartridge bearings. Such bearings are often used in 
European locomotives for push-pull trains with non-driven 
coaches. The cylindrical bearing unit design, for example, is 
also used for floating bearings on the middle axle in three-axle 
bogies of heavy locomotives.

European Standards and Regulations
This part of the paper describes the most important stan-

dards that bearing manufacturers have to follow during the 
development, design, production and testing of railway roll-
ing bearings. In addition to the standards directly referring 
to bearing issues, there are standards dealing with compo-
nents around the axle box bearing, such as the axles them-
selves. Details of these often are important for certain parts of 
the rolling bearing design as well. Besides some rather general 

standards for rolling bearings, there are three railway-specific 
standards in Europe (European Norm):

The first one is probably also the most important: EN12080 
(Ref. 4)/Railway Applications: Axle Boxes/Rolling Bearings. 
Some important information on this standard is given in the 
Quality Assurance section of this paper.

Next in the range of standards is EN12081 (Ref. 8) for lu-
bricating greases. This standard covers items like consistency, 
traceability, packaging and, most of all—the approval process 
for greases.

The last is EN12082 (Ref. 9), which describes the perfor-
mance testing of axle boxes. Since the testing defined here is 
much different from other testing methods (e.g., the AAR 
method), there is a short description of important characteris-
tics under the topic Product Validation.

These mentioned standards all relate to the axle box bear-
ings themselves. However, in the project work and design 
phase of an axle box arrangement, some other standards and 
regulations have to be taken into account.

There are also standards for the axles of railway vehicles:
EN13103 Railway Applications: Wheels Sets and Bogies/

Non-Powered Axles/Design Method (Ref. 10).
EN13104 Railway Applications: Wheel Sets and Bogies/

Powered Axles/Design Method (Ref. 11).
In both standards the details shown in Figure 6 are used 

to specify the axle design. An important standardized fact is 
that the edge on the axle journal (A, Fig. 6) has to meet the 
hardened and ground part of the bearing inner ring bore some 
distance away from the spot where the bearing bore runs over 
into the chamfer. This is shown in detail in Figure 7, where 1 
points to the start of the bearing chamfer or to the end of the 
cylindrical bearing bore, and 2 marks the distance of this spot 
to the edge on the axle journal. The reason for this require-
ment is to prevent axle fracture. When the inner ring’s transi-
tion to the chamfer contacts the cylindrical part of the jour-
nal outer diameter, there can be an indentation formed under 
the influence of high loads and bending under rotation. Com-
pared to the hardened bearing inner ring, the axle journal ma-
terial is much lower in hardness. Thus the indentation can lead 
to a serious problem as it can mark the start of a surface crack. 
The crack can then expand continuously from the influence of 
the bending under rotation and finally cause a fracture of the 
axle. With the specified arrangement (Fig. 7) the axle journal 
is prevented from damage by the bearing chamfer.

Enhanced Material Properties
Material cleanliness has always been a key factor of any 

bearing component involved in rolling contact. Non-metallic 
inclusions inside the material that are filtered out in the liquid 
phase of the steel-producing process have to be minimized and 
kept as tiny as possible. Such inclusions are mainly oxides and 
sulfides, and they undermine rolling bearing life by allowing 
the initiation of fatigue failures. Under the influence of high 
loads—which stresses the surface and subsurface of the race-
ways—fatigue-based modifications of the material structure 
take place and lead to a reduction of bearing life. This failure 
mechanism is incorporated into the classic lifetime calcula-
tion by a material factor. This material factor would be higher 

Figure 10—Housing example.

Figure 11—Alternation of test cycles (EN12082).
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when using special material qualities with further minimized 
inclusions. Steel that is perfect—completely free of any inclu-
sions—does not exist, given the current state of technology. 
But for particularly demanding applications it is sometimes 
necessary to increase the fatigue lifetime of the bearings. This 
can be done by selecting bearing steel with advanced clean-
liness requirements, meaning that the bearing manufacturer 
specifies an improved material compared to the standard axle 
box bearing quality. This is often done in combination with a 
more sophisticated heat treatment.

Material and/or surface and precision improvements are the 
most effective measures in creating higher-quality bearings 
for high-speed applications; special surface coatings are an-
other option. A further improvement in material cleanliness 
exists in vacuum re-melted steel. However, energy consump-
tion is much higher with several of its melting steps and there 
is a certain scrap content with any step. Furthermore, the low-
er quantity in tons feasible for the re-melting processes makes 
it a very costly production. These factors all contribute to a 
considerably higher material cost for re-melted steel in com-
parison to the current standard for axle box rolling bearings.

Figures 8 and 9 are examples of complete arrangements of 
journal bearings together with housings for high-speed trains.

Bearing Lubrication
The grease quantity inside the bearing must be adapted to 

the relatively high rotational speeds, and consistency needs to 
be suitable for high-speed traffic.

Also, environmental conditions in the area where the train 
is operating have to be taken into account when selecting a 
suitable grease type. Base oil type and thickener are only two 
aspects to be considered when forming a bearing lubricant. 
An adjusted selection of additives is important and requires 
a lot of experience. The determination of grease viscosity and 
grease amount is also largely influenced by the specific oper-
ating conditions of the application. The grease viscosities for 
high-speed operation usually are somewhat lower than those 
of other applications. Grease suppliers and bearing manufac-
turers typically share their knowledge for the development of 
greases with outstanding performance.

Most challenging in terms of lubrication is the definition 
of the appropriate grease quantity for a specific application. 
Although theoretically there is space enough to put some re-
serves of grease into the bearing in order to reach long service 
intervals, high-speed bearings are extremely sensitive to over-
greasing. Too much grease creates a temperature rise caused 
by the churning motion of the grease when it cannot escape 
from the raceway area to nonrotational sections of the bear-
ing. This is a rather well-known finding. However, with higher 
speeds this aspect is even more critical. The performance test 
criteria described in this paper’s Quality Assurance section 
can only be fulfilled with an elaborate consideration of the 
grease amount and grease distribution inside the bearing. The 
currently valid edition of EN12080 requires that the grease 
distribution has to be agreed upon and documented between 
customer and contractor, in addition to the designation and 
quantity of the grease.

Quality Management
The Association of American Railroads (AAR) issues a sep-

arate manual—the M-1003—as part of their series of manu-
als of Standards and Recommended Practices that deals ex-
clusively with quality management issues.

The AAR rules and approvals are not only used in America 
but also in other parts of the world. However, these rules are 
mainly for freight applications and thus neither suitable nor 
sufficient for high-speed passenger traffic systems.

There are different international standards for quality man-
agement systems, as most readers are well aware—ISO 9001, 
ISO9004 and TS16949, for example. And yet, none of these 
cover special railway topics. Thus within the last few years 
there was a new quality management standard developed es-
pecially for railways: IRIS (Ref. 12). The International Rail-
way Industry Standard has its roots in Europe but is appli-
cable worldwide, as the name indicates. IRIS is issued by the 
Association of the European Rail Industry; it is a globally rec-
ognized standard—unique to the railway sector—for evalua-
tion of management systems. Its main objective is to improve 
the quality in the rail sector by reduction of efforts and costs 
(Ref. 13).

IRIS is based on the ISO 9001 structure and adds railway-
specific requirements, especially on project management, de-
sign, RAMS (reliability/availability/maintainability/safety) 
and LCC (life cycle costs). The standard contains both man-
datory and optional requirements. The audit results are scored, 
thus it is more robust than a pass/fail system. One might rec-
ognize some sort of analogy to ISO/TS16949, though IRIS 
exceeds the requirements in many ways. The second edition of 
the standard was issued in June 2009 and replaces the 2006 
version. Many suppliers to the rail industry are certified ac-
cording to IRIS. As of June 2009 there are 244 companies 
certified in 23 countries on five continents (Ref. 6).

Continual improvement is a basic tenet of IRIS that en-
compasses the entire railway business sector.

Figure 12—Transmission example with hollow shaft.
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Quality Assurance
While this paper has dealt with quality management and 

related systems, following is some information about actual 
quality assurance measures carried out on journal bearings. As 
already mentioned, EN12080 is the main normative instruc-
tion for axle box bearings in Europe. Although this European 
standard affords much leeway to project-specific agreements 
between customer and supplier of railway axle box bearings, 
there is a variety of mandatory requirements when bearings 
are ordered and produced according to this standard.

Extensive, non-destructive testing is carried out on all jour-
nal bearings per EN12080. This includes 100%-ultrasonic 
testing of the rings so that any subsurface defects in the mate-
rial can be detected, and a crack inspection to detect surface 
fissures. Rollers are 100%-eddy-current-tested and there are 
hardness tests on rollers and rings for random samples. For all 
assembled bearings the axial clearance (bench lateral) is mea-
sured and all inspection results are 100%-documented.

Housings
The housing is an essential component of the axle box sys-

tem. Bearings in low-speed applications (especially freight 
cars) often run with housings connected to the bogie solely 
by open adapters, or the housings are of a rather simple de-
sign that does not give full circumferential support. Full-bore 
housings (Fig. 10) allow the use of through-hardened bearing 
rings made of chromium steel—the most widely used material 
for rolling bearings in Europe.

Without the use of full-bore housings, the bearing outer 
rings are not equally supported on the entire circumference 
and the load distribution at the outer rings is less favorable. 
Bearing rings are then subject to distortion, and through-
hardened rings can break under the influence of such de-
formation. This is why high-speed applications are equipped 
with full-bore housings or with split housings that supply the 
same function as full-bore housings when the split parts are 
mounted together. Split housings enable the dismounting of 
the wheel set without removing the wheels from the axle.

Validation and Performance Testing
The European Standards series for axle boxes also covers 

testing and validation. EN12082 standard (Ref. 9) deals with 
this topic and requires that any new axle box design under-
go extensive performance testing with demanding test con-
ditions. Unlike the durability testing according to AAR, the 
EN12082 rig performance test applies a relatively high lateral 
load (in axial direction) to the journal bearings. The standard 
uses the terms “axial force” and “radial force.” Bearings that 
undergo the AAR durability test are loaded only in the radial 
direction (vertically). Whereas the radial force is constant, the 
axial force applied during EN testing is alternating in two di-
rections. The test cycles consist of acceleration from zero speed 
to test speed, running with test speed for some time and then 
decelerating to a stop; the next cycle then starts in the op-

posite direction (the sense of rotation is changed). Figure 11 
illustrates the alternation of test cycles and shows how the 
speed is progressively increased during the pre-test phase.

There is a reference vertical load F0 calculated as:
F0 = (1/j) • mmax • g

where:
m is the vehicle mass and j is the number of wheel sets (axles)

Then the radial force is defined as:
Fr = 0.6 • (F0 – m0 • g)

and the axial force as:
Fa = 0.255 • (104 + F0/3)

With a sample vehicle load of 64 tons (common for high-
speed passenger coaches with 16- ton axle load) and a wheel 
set mass (m0) of 1.7 tons, the radial load calculates as 84 kN 
and the axial (lateral) force as 15.9 kN. For this example the 
axial load on the bearing is about 19% of the radial load.

Since the axial load is only applied at speeds above 20% of 
the nominal test speed, and it is zero for a couple of seconds 
when the direction is changed from one side to the other, it 
makes this performance test a very daunting one.

The mileage of performance testing depends on the degree 
of change from existing, already- tested designs. For a com-
pletely new bearing design it is 600,000 km (373 miles) when 
the vehicle speed is up to 200 km/h (124 mph), and 800,000 
km (about 500,000 miles) for high-speed vehicles above 200 
km/h. When the modification from previously tested designs 
is not substantial, the test mileage can be reduced to 100,000 
km (62,000 miles). This has to be agreed upon between the 
contracting parties (customer and supplier), as the standard 
gives some leeway in this respect. With certain preconditions 
defined in EN12082, the reduced 100,000 km test can be sub-
stituted, but this is not a must; the parties can agree on the 
full mileage.

Onboard Monitoring
On most railway lines there are alarm systems alongside 

the tracks; e.g., infrared hot-box detection systems are the 
most widely used alarm systems; acoustic detectors are used 
in North America and China. The drawback with all of these 
systems is that they only consider certain positions along the 
track—leaving the conditions between these detector posi-
tions unattended and undetected. Continuous safety moni-
toring can only be done on the train itself, which is why on-
board monitoring has been introduced. Using sensor bearings, 
the bearing temperature—the most critical indicator of bear-
ing problems—can be monitored continuously. Other avail-
able sensor types record the sense of rotation and speed and/
or acceleration acting on the bearing as well.

Traction Motor Bearings
The propulsion of rail vehicles is mostly carried out ei-

ther by diesel-electric or pure-electric traction drives. Most 
high-speed trains use electric propulsion today, where the 
traction motor is the key propulsion element within the bo-

powertransmissionengineering     june 2012     www.powertransmission.com44



gie. The power supply is either continuous-current (DC) or 
three-phase-current and sometimes classic alternating-cur-
rent (AC). Three-phase traction drives prevail in high-speed 
traffic, their advantage being that three-phase asynchronous 
motors can be efficiently controlled by powerful frequency 
converters. The main bearing concept for traction motors has 
not changed much within the last decades. The rolling bear-
ing details, however, have changed a good deal and thus have 
remarkably enhanced bearing performance. Typically, there is 
a cylindrical roller bearing serving as a floating bearing on 
the drive side and a deep-groove ball bearing or another cy-
lindrical roller bearing serving as a locating bearing on the 
non-drive side of the motor shaft. The new concepts of trac-
tion motor control mostly require that both bearing sides be 
equipped with current-insulated bearings. Such bearings have 
a ceramic insulation layer applied to the outer ring to prevent 
current flow through the raceways and rolling elements. Cur-
rent flow via the rolling elements seriously damages the race-
ways and leads to premature failure of traction motor bearings.

Transmission Bearings
There are different bearing types in use other than journal 

bearings for transmissions used in railway vehicles, and the 
lubrication system is completely different from that used in 
axle boxes. While grease lubrication is used in axle box bear-
ings and most traction motor bearings, transmission bearings 
are oil-lubricated. The lubricant for the bearings usually is the 
same as for the gearing, as this facilitates the design of the 
transmission housing. The fact that lubricants that are supe-
rior for the gear tooth system are not necessarily ideal for the 
lubrication of the rolling contact of the transmission bearings 
is another issue—far beyond the scope of this paper. The num-
ber of reduction stages inside a transmission can vary; for rail-
way bogies there are both single-stage and double-stage trans-
missions. Figure 12 shows an example with four cylindrical 
roller bearings and a hollow output shaft.

Input shafts. While with other rail applications the rota-
tional speeds of input shafts are roughly about 4,000–5,000 
rpm, input shafts of high-speed vehicles rotate up to 6,000 
rpm. Due to their suitability for high rotational speeds, input 
shafts are often introduced with ball bearings and cylindri-
cal roller bearings. A typical arrangement on this fast-rotating 
shaft is a cylindrical roller bearing, together with a four-point-
contact ball bearing on one side, and a single, cylindrical roller 
bearing on the other. The four-point contact ball bearing takes 
all of the axial load coming into the shaft and is kept free of 
radial loads by design measures. All radial loads onto the input 
shaft are supported by the two cylindricals.

Intermediate shafts. Intermediate shafts, if used, usually 
have two cylindrical roller bearings or there are two tapered 
roller bearings mounted in an x-arrangement. The axial loads 
almost compensate one another and the radial loads are mod-
erate enough so as not to present a daunting challenge. Speeds 
are not an issue at this bearing location, either.

Output shafts. At the output shaft location we find pre-
dominantly one-row tapered roller bearings with some appli-
cation-specific modifications. These bearings are often based 
on standardized catalogue types from a dimensional point of 
view, but there are several modifications necessary to empower 
such bearings for high-speed use in railways. One major as-
pect is the cage that is of a reinforced design for the output 
shafts, due to the shock loads and vibration influences acting 
on these bearings. Improved surface finish is another feature, 
and often there are retaining grooves in the outer rings to keep 
the rings from moving in the circumferential direction.

Conclusion
Most of today’s high-speed trains are still based on the clas-

sic wheel-rail system. As for rolling bearings, their use is en-
abled by reliance upon bearing concepts that follow proven 
designs and implement the modifications necessary to cope 
with the higher requirements.

But, ever-increasing speed requirements are a challenge for 
all components in the bogie—including rolling bearings. It 
is simply a matter of time until the 400 km/h (ca. 250 mph) 
limit will be exceeded by a train in regular service. And it will 
again be established with rolling bearings, whose development 
continues to evolve. 
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Introduction
Thermoplastic polyurethane has been 

established for more than 30 years as a 
standard material for dynamic seals in 
hydraulic systems. TPU’s outstanding 
mechanical properties—in combina-
tion with its straightforward thermo-
plastic molding process—have ensured 
this market position. Furthermore, the 
variety of available polyurethane chem-
istry allows an adjustment of the mate-
rial properties to meet a range of differ-
ent requirements.

Most commercially available TPU 
materials produced by reputable seal 
manufacturers are based on MDI. (Edi-
tor’s Note: MDI (diphenylmethane diiso-
cyanate) is a polyurethane resin used as 
spandex fibers and for bonding rubber to 
rayon. It is used in the production of poly-
urethane lacquers, foam plastics, rubbers, 
thermal insulators and glues.) One specif-
ic seal manufacturer is offering TODI-
based (3, 3´-dimethyl-4, 4´-biphenyldi-
isocyanate) TPUs as standard materials.

The temperature range specified for 
MDI materials, except for special types, 
is usually 35–110°C—a temperature 
range that is suitable for use with many 
standard hydraulic oils.

However, the demand to increase 
power density in hydraulic systems has 
led to higher pressure requirements and 
has driven the temperatures up in hy-
draulic cylinders, along with OEM and 
end user requirements for longer life. 
Temperature capabilities for sealing 
materials are now required to be within 
120–130°C.

(This paper was first published at the 
2011 52nd National Conference on 
Fluid Power and is reprinted here with 
the kind permission of the National 
Fluid Power Association.)

Improved Performance 
for Hydraulic Seals from 
Thermoplastic Polyurethane

Rolf Galle-Gutbrecht, Holger Jordan and Renate Brielmann

Management Summary
Seal design engineers and end users are continually seeking improved sealing 

systems and materials. This paper describes the potential of a new thermoplas-
tic polyurethane (TPU) material to deliver improvements in pressure, speed 
and temperature capability, which are presented as comparisons to proven in-
dustry standard materials. Performance is demonstrated by virtue of test bench 
results of seals made from MDI-, PPDI- and NDI-based materials.

Laboratory results of temperature scanning stress relaxation (TSSR) test-
ing will be reviewed to show that this high-performance TPU can compete 
with cured polyurethanes while utilizing existing TPU technology and tools to 
maintain a commercially competitive product.

Figure 1—Comparison of isocyanates used in construction of 
thermoplastic polyurethane.

Figure 2—TPU synthesis via pre-polymer process.
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With this in mind, can this temper-
ature requirement be satisfied with an 
MDI-based material or must you go to 
a material based on PPDI (p phenyl-
enediisocyanate) or NDI (naphtylene-1, 
5-diisocyanate)? The specified continu-
ous temperature application limit of the 
NDI-based material is 135°C (higher 
for short periods); NDI is commercially 
available.

Or is it necessary to develop a materi-
al with an alternative diisocyanate opti-
mized for sealing applications? A major 
problem with that approach is that the 
price for such a material would be sev-
eral times higher than an MDI.

Ingredients of TPU material. Figures 
1 and 2 show the basic raw materials 
for TPU synthesis as well as the diiso-
cyanates used for the reference materials 
discussed in this paper. TPU consists of 
3 basic ingredients:

Polydiol = HO-R1-OH (long chain)
Diisocyanates = OCN-R2-NCO

Chain extender = HO-R3-OH (short chain)
TPU materials tested. Four materials 

were produced and tested:
•	 A proven, standard hydraulic 

TPU based on MDI
•	 A novel, high-performance TPU for 

hydraulic seals, also based on MDI
•	 A commercial material 

based on PPDI
•	 A commercial material based on NDI

Test sheets and seals in an RU9 U-
Cup profile were produced for testing in 
a size to suit a 50 mm diameter rod.

(Authors’ Note: See Appendix, Table 1, 
for physical properties of these four mate-
rials.)

Test equipment and method. Figure 
3 shows an outline of the test arrange-
ment with service conditions that are 
specified to test the limits of the seals 
in order to obtain a good understanding 
of their capabilities. To protect pumps 
against high temperatures, low-viscosi-
ty oil—Shell Tellus 6—was chosen over 
the more common ISO VG 46. Oil 
condition was carefully monitored due 
to the high time temperature load to 
ensure always same test conditions.

Note that pressure is cycled with the 
stroke, meaning that seals at positions 1 
and 4 are exposed to a pressurized in-
stroke, whereas seals at positions 2 and 3 
are exposed to a pressurized out-stroke. 
For this reason seals at positions 1 and 4 

Figure 3—Test arrangement for cycle testing of hydraulic seals.

Figure 4—Standard MDI compound, 120°C.

Figure 5—Details from Figure 4.
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are considered to be most representative 
of typical service conditions.

Test results. First we will review the 
results of the proven standard hydrau-
lic TPU compared with the newly de-
veloped, high-performance TPU—both 
MDI based.

Figure 4 shows seals made from the 
standard hydraulic MDI-based mate-
rial after a test run at 120°C continuous 
temperature (Fig. 5).

A considerable degree of extrusion is 
visible, especially on seal 4. Although 
the test run was finished without leak-
age, the limit of the seals is visible.

Figures 6 and 7 show the correspond-
ing seals made from the MDI high-
performance TPU after the test run, 
conducted at 130°C continuous tem-
perature. Note that the close-ups in 
Figure 7 and the profile sections shown 
in Figure 8 display very limited extru-
sion; again, no leakage and the seals re-
main completely functional.

In comparing the two materials, the 
high-performance MDI material is 
clearly superior, despite the 10°C in-
crease in test temperature. This is evi-
denced also by comparing the change of 
interference (Appendix, Fig. 17) when 
comparing all four TPU compounds.

After the direct comparison between 
standard- and high-performance MDI 
compounds, next is a comparison with 
the test results of the RU9 U-Cup from 
the PPDI- and NDI-based materials.

Figures 9–11 show images of seals of 
a commercially available PPDI com-
pound tested at 110°C.

Another way to evaluate performance 
is to look at the permanent loss of seal 
interference after testing. This interfer-
ence is vital to seal performance at both 
low and high pressures, and while some 
loss of interference is always expected, 
excessive loss can lead to premature fail-
ure.

By comparing the seals from the 
commercial PPDI compound tested 
at 110°C with those of the high-per-
formance MDI compound—tested at 
130°C—a comparable level for the loss 
of interference is visible.

Figures 13–15 contain test results of 
seals made of commercial NDI com-
pound, having completed the test run at 
130°C continuous temperature.

Figure 6—High-performance MDI compound, 130°C.

Figure 7—Details from Figure 6.

Figure 8—Cross-sections of seals in Figure 6.
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Despite its good properties profile, 
the commercial NDI material did not 
exceed the high- performance MDI 
material in terms of extrusion resis-
tance—even at a high temperature of 
130°C.

High-temperature properties. So 
what is the difference-maker in the per-
formance of the sealing material?

Table 2 (Appendix) shows the physi-
cal properties of these four materials at 
higher temperatures, as well as the key 
points from the DMA analysis that are 
detailed in Figure 16 (Appendix).

The NDI material shows the best 
tensile strength values and the high-
est softening temperature (see Appen-
dix, Figure 16, Onset 2). The high-per-
formance MDI material follows with a 
softening point approximately 2°C low-
er. The PPDI material shows with 7.5°C 
less—a significant difference. However, 
the storage modulus of the high-per-
formance MDI material in the upper 
temperature range is about 40 percent 
higher.

The DMA curve confirmed the 
known benefits—good visco-elastic 
properties—of NDI material with a 
very steep drop of the curve in the glass 
transition temperature, compared to the 
more gradual transition of the PPDI 
and high-performance MDI materials.

TSSR testing. Brabender TSSR test-
ing was employed to characterize the 
new high-performance MDI material 
and to compare it with published data 
on other thermoplastic and thermo-
setting sealing materials. (Editor’s Note: 
Temperature scanning stress relaxation 
is an anisothermal stress relaxation test 
method that also enables conventional iso-
thermal relaxation measurements.) Figure 
17 (Appendix) shows that it appears to 
be superior to the other thermoplastic 
polyurethane materials in terms of T50 
failure temperature and rubber index 
value; i.e., a measure of stress relaxation 
with varying temperature. A theoreti-
cally perfect material would have a rub-
ber index of 1.

Summary
A comparison of endurance test 

shows that a high-performance, MDI-
based TPU—optimized specifically to 
the needs of a highly-loaded hydrau-
lic seal in regard to temperature and 

Figure 9—Commercial PPDI compound, 110°C.

Figure 10—Details from Figure 9, partial extrusion visible on seals 2 and 4.

Figure 11—Cross-sections of seals from Figure 9; again, extrusion is clearly visible.
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pressure—can out-perform a range of 
common TPU seal materials, includ-
ing conventional MDI and commer-
cially available NDI- and PPDI- based 
TPUs.

As a final comparison—Figure 18—
shows the change of interference of test 
seals from all four materials run at spec-
ified temperatures in the study. Once 
again the high-performance MDI ma-
terial shows its superiority—even when 
tested at temperatures higher than the 
others.

The high-performance, MDI-based 
material also showed benefits in extru-
sion resistance, storage modulus and 
TSSR performance. As a value-add-
ed benefit, the MDI material can be 
processed by using the same tools and 
methods as the standard MDI materi-
al—thus enabling a simple seal upgrade 
for high-temperature applications.

Conclusion
It has long been assumed that NDI-

based materials were required to ensure 
the stable, high-temperature perfor-
mance of polyurethane hydraulic cylin-
der seals. But with out-of-the-box ma-
terial design—and evaluation methods 
that closely replicate real-world working 
conditions—it has been demonstrated 
that a specially developed, MDI-based 
material can perform extremely well. 
This in turn allows for production of 
commercially and technically competi-
tive, high-performance seals. 

Acknowledgments. The authors wish to 
express their thanks to Dipl.-Ing. Frank 
Fuchs of Brabender GmbH & Co. KG, 
Duisburg, Germany, for permission to use 
Brabender’s TSSR data on comparative 
sealing materials.

Figure 12—Comparison of the change of interference between PPDI and 
high-performance MDI materials.

Figure 13—Commercial NDI-based material, 130°C; note the thick, broken extrusion 
on seals 3 and 4.

Figure 14—Details of thick extruded sections shown in Figure 13.
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Figure 15—Cross-sections of seals from Figure 13; damage is 
especially evident.

Figure 18—Comparison of TSSR results of traditional, commercial 
MDI-TPUs, thermoplastic elastomers (TPEs) and conventional thermoset 
rubber to the high-performance, MDI-based material.

Figure 16—Comparison of change-of-interference of the four 
compounds after testing.

Figure 17—Dynamic mechanical analysis (DMA) measurements 
comparing storage modulus (E’) of high-performance MDI material 
with NDI and PPDI materials.

Table 1—Overview of physical properties of tested materials

Table 2—Tensile test data at 110°C and onset temperature of 
DMA measurements
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Miller and Negri
Highlight Successful BSA Convention

The Bearing Specialists Association (BSA) elected Linda 
Miller, Bearings & Drives, Inc., as president for 2012–2013. 
In addition to Miller, the following industry leaders were 
elected to serve BSA in 2012–13: James Webster, DXP En-
terprises, Inc., as chairman of the board; Jack Simpson, Ap-
plied Industrial Technologies, as 
vice president; and Brian Ne-
gri, Jamaica Bearings Company, 
Inc., as treasurer. The elections 
were held in conjunction with 
the association’s 2012 Annual 
Convention held April 29–May 
1 at the Hyatt Regency Coco-
nut Point Resort and Spa in Bo-
nita Springs, Florida. BSA also 
elected the following industry 
leaders to serve three-year terms 
on the board of directors: Brian 
Davis, Bearings & Drives, Inc.; 
Mitch Bouchard, General Bearing Service Inc.; and Tom Ar-
mold, Applied Industrial Technologies.

Additionally, the BSA presented its 10th Lifetime Achieve-
ment Award to Peter Negri, president and CEO of Jamaica 
Bearings Company, Inc. Negri is a graduate of Boston College 
and the Amos Tuck School, the Graduate School of Busi-
ness at Dartmouth College. The company that once employed 
15 people at a single location in Jamaica, Queens, New York, 
now employs more than 135 people at locations in New York, 
Pennsylvania, Florida and California, with employees around 
the world, including Canada, Singapore, China, Italy, Great 
Britain, France and Australia.

Negri’s involvement with BSA dates to his early years with 
Jamaica Bearings. He has chaired the Membership, Young 
Executives, and Manufacturer/Distributor Relations Com-
mittees, and after serving on the board of directors was elected 
president in 1986. Negri has served as BSA’s convention chair 
a record four times. Beyond BSA, Negri has served his com-
munity as a village trustee, on various commissions, and in a 
number of roles to preserve the community’s historic status. 
He supports Boston College as head of the Alumni Admis-
sions Council for Long Island. Negri and his wife Kaye have 
been married for almost 41 years and are the proud parents of 
Brian, Liz and Christine, and they also have six grandchildren.

In a second presentation, BSA recognized Gus Kontonick-
as as an active BSA participating manufacturer for more than 
20 years. Although he changed manufacturer “hats” more 
than once during that period, Kontonickas was steadfast in 
his support of BSA and the industry. Wearing his hats from 
Thomson and The Timken Company, he served on the In-
dustry Communications Committee from 1989 to 1998 and 
the 1996 Convention Committee. He also served on the 2000 

Convention Committee wearing his Loctite hat and then 
with NSK Limited, Kontonickas served on the Educational 
Services and the Long Range Convention Planning Commit-
tees from 2004–2008. He served on a third Convention Plan-
ning Committee in 2008.

Danfoss
Wins Global Business Award

Danfoss Power Electronics, a global provider of VLT drives 
and panels, was recently named the Silver Winner for the 
2011 Global Awards for Excellence in Business Process Man-
agement (BPM) and Workflow. This prestigious award has 
been granted to industrial organizations since 1996, in rec-
ognition of their ground-breaking solutions leading to sig-
nificant business benefits. The Awards Program is managed 
by Future Strategies Inc. and sponsored by BPM.com, Object 
Management Group and Workflow Management Coalition.

Danfoss Power Electronics received the award in the com-
petitive North American region. The judges recognized the 
company’s skilled management of interdisciplinary compe-
tencies with basic technology applications in order to spring-
board a process management program. As a result of the BPM 
project, the company significantly reduced workload in several 
areas; for one, the master data on shipping information, price 

points, discounts and other variables is now far more accurate 
and no longer needs to be manually checked and entered, re-
sulting in a 25–35 percent improvement in productivity for 
customer service personnel. The company also introduced a 
new, team-oriented culture aligned with the organization’s 
value stream and developed a competency toolbox for process 
management.

industry news

Linda Miller

Martin Weightman, business application manager, and Debra Menge, 
customer service supervisor, accept the Silver Award for Excellence in 
Workflow, for Danfoss Power Electronics.
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This project was a result of an industrial research program 
between the two entities, aimed at solving business problems 
while advancing theoretical knowledge in the BPM area. 
Danfoss was nominated for the award by its research partner, 
Center for Industrial Production, Aalborg University, Den-
mark. For more information, visit www.danfossdrives.com.

Fluid Power Industry
Growth Trend

The latest data published by the National Fluid Power As-
sociation (NFPA) shows industry shipments of fluid power 
products for March 2012 increased 3.2 percent compared to 
March 2011, and increased 7 percent from February 2012 
to March 2012. Mobile hydraulics, industrial hydraulics and 
pneumatics all showed growth in March 2012 when com-
pared to March 2011. NFPA’s industry reports, outlook sur-
veys, forecasts, and data sources allow our members to un-
derstand trends and anticipate change with a variety of trend 
graphs and data analysis for fluid power products, custom-
er markets, and economic indicators. For more information, 
visit www.nfpa.com.

PTDA
Welcomes New Members

The Power Transmission Distributors Association (PTDA) 
welcomed two new distributor members in the first quarter of 
2012. Importadora Gutierrez, S.R.L. (Santo Domingo, D.N., 
Dominican Republic) was founded in 1979 to serve the needs 
of the Caribbean region’s expanding agricultural industry. As 
customer needs evolved, so did the company’s product of-
ferings, which now include motion control products such as 
electric motors and frequency drives; PT components, such 
as gearing, bearings, belting and coupling products; and con-
veyor components. Although the company’s main markets are 
the Dominican Republic and Haiti, it also fully services Cen-
tral America and the Caribbean. Company general manager 
Ricardo Gutierrez said, “Through our PTDA membership, we 
are looking to expand our servicing capabilities by acquiring 
know-how from PTDA’s training. We also hope to establish 
new, lasting relationships with customers searching for quality 
products and services in our region.”

Werner Electric Supply Co. (Neenah, Wis.): A distribu-
tor with 11 branches throughout Wisconsin and Michigan’s 
Upper Peninsula, Werner Electric Supply Co. is a wholesale 
distributor of products and services including industrial au-
tomation, lighting, electrical and data communication equip-
ment, pneumatics and clean energy solutions. Founded in 
1948, Werner Electric’s multiple locations serve the electri-
cal control needs of original equipment manufacturers, the 
maintenance and automation needs of industrial plants and 

CORRECTION
In the April issue of Power Transmission 
Engineering, Eric Lanke, CEO of the National 
Fluid Power Association, was incorrectly 
identified as ‘Erik’ Lanke in the article 
“Hydraulics/Pneumatics Assessment.” Power 
Transmission Engineering regrets the error.

—The Editors

SUHNER Manufacturing Inc. · Rome, GA 30161
Phone: 706-235-8046 · info.usa@suhner.com 
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commercial buildings, and the electrical needs of construction 
contractors. For more information, visit www.ptda.org.

Bauer
Opens Assembly Plant in China

Bauer Gear Motor, part of Altra Industrial Motion, has an-
nounced the opening of its first assembly plant in China, a 
move to streamline the growth of localized sales and support 
in this expanding region. Bauer, located in Esslingen, Germa-
ny, is a European manufacturer of high-quality gear motors, 
offering engineered solutions to a variety of industries. As part 
of Altra, Bauer gear motors, including the new Series 2000, 
are available throughout North America. Contrary to moves 
by other companies, Bauer is not moving its core design and 
manufacturing to China. It is simply providing local availabil-
ity of its products for customers that have already made the 
move to manufacturing in China in order to service the indus-
trial growth in that region more efficiently. “This is one of the 
powerful advantages of now being part of the Altra group of 
global power transmission companies,” says Jens Gabel, Bauer 
vice president global sales and R&D. “It has provided the op-
portunity for us to accelerate our growth plans and reduce de-
livery times with a large-scale assembly and distribution hub 
in China. This brings us closer to some of our core OEM cus-

tomers who are taking advantage of the growth in the Chinese 
market.” Bauer gear motors are utilized in virtually every area 
of industry, from heavy-duty mining and marine applications 
to power generation, utilities, packaging machinery and many 
other niche sectors. Global strategic business areas include: 
basic metal (raw material processing and metals production); 
cranes, hoists & lifts, and food & beverage. For more informa-
tion, visit www.bauergears.com.
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Bauer Gear Motor is now providing products to the China market 
like the Series 2000 gearmotors (courtesy of Bauer).
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Boston Gear
Celebrates 135 Years

This year Boston Gear celebrates 135 years in business, 
longer than such venerable companies as IBM, Coca-Cola, 
General Electric and Ford. It’s been around longer than the 
light bulb, radio, movies, automobiles and the airplane. Boston 
Gear, part of Altra Industrial Motion, is a global supplier of 
quality power transmission products to most major industrial 
markets including food processing, packaging machinery and 
material handling. From its 193,000 square foot state-of-the-
art manufacturing facility in Charlotte, North Carolina, Bos-
ton Gear offers a wide range of products. Many companies 
worldwide rely upon Boston Gear as their single-source sup-
plier of motion control products.

Boston Gear was founded in 1877 as a small machine shop 
manufacturing gear-cutting machines. Early on, Boston Gear 
introduced the concepts of gear standardization and stock 
gears—innovations of enormous benefit to power transmis-
sion designers, specifiers and users. By 1929, Boston Gear was 

established as the world’s largest manufacturer of stock gears. 
Today, products like the new 2000 Series gear motors help 
Boston Gear maintain its position in the industrial field. And 
Boston’s 700 Series speed reducers, available in both cast iron 
and stainless steel, have long been the industry standard for 
food processing and material handling applications.

Boston Gear survived a national depression in the late 
1800s, the Great Depression of the 1930s, numerous reces-
sions, and several changes of ownership. And during World 
War II, the company worked round the clock, contributing 
to the U.S. war effort. In appreciation, the employees of Bos-
ton Gear were awarded the Army-Navy Production Award 
for high achievement in 1943.

More recently, Boston Gear has faced radical changes in 
the global marketplace. “Just 20 years ago we competed pri-
marily with companies based in North America,” said Vice 
President & General Manager Ed Novotny. “But now we face For high volume orders, please contact our partner Kotek America, Inc.  

1-949-863-3126   sales@kotek.com
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competition from companies worldwide. This globalization 
has opened up many new opportunities for us.”

Carl Christenson, president & CEO of Boston’s parent 
company, Altra Industrial Motion, adds, “We’re an extremely 
customer focused company,” Christenson said. “Our associates 
are committed to satisfying the customer. We service the mar-
ketplace with above average industry performance standards 
in quality, delivery, and product innovation.”

PTDA
Sees Strong Growth in PT/Motion 
Control Field

The PTDA Business Index indicated that the first quarter 
was the eighth consecutive quarter for business growth among 
PTDA members, with a reading of 75.4. Compared with a 
reading of 67.3 for the 4th quarter of 2011, the recently re-
leased first-quarter results indicate the power transmission/
motion control industry is expanding at a faster pace than be-
fore. Both distributors and manufacturers saw strong growth 
in the first quarter. [Note: The index reading indicates the rate of 
change compared with the previous period. For example, a read-
ing of 50 indicates no change from the prior period while readings 
above 50 indicate growth and below 50 indicate contraction. The 
further the index is above or below 50 suggests a faster or slower 
rate of change.] PTDA members participating in the Business 
Index expect 2012 to be another year of growth with an aver-
age forecast of 11 percent, up from nine percent in the 4Q11 
survey. For more information, visit www.ptda.org.

PTDA Quarterly Business Index
4Q2011 1Q2012

Business Activity 68.6 83.7
New Orders 72.8 80.8
Employment 65.9 74.4

Supplier Deliveries 61.9 62.5
Inventories 64.7 69.8
Prices 83.7 87.2
Backlog 55.8 66.3

Overall PTDA Index 67.3 75.4

RIA
Announces First Certified Robot 
Integrators

JR Automation, Motion Controls Robotics, Tennessee 
Rand, and Wolf Robotics are the first four robotic integra-
tors to receive the new Certified Robot Integrator designation 
from the Robotic Industries Association (RIA), the indus-
try’s trade group. “We are very excited to announce this first 
group of Certified Robotic Integrators,” said Jeff Burnstein, 
president of RIA. “In order to become certified, integrators 
go through a rigorous process which includes an on-site audit, 
safety training and hands-on testing of key personnel among 
other important criteria. Based on feedback from the industry, 
we believe that achieving certification will be valuable to inte-
grators looking to showcase their capabilities and experience 
to users and suppliers alike. Additionally, the program allows 
integrators to benchmark their own processes against best in-
dustry practices, allowing them to identify areas in which they 
can improve. This also helps the industry by strengthening the 
overall integrator channel.”

The new RIA Certified Robot Integrator program was offi-
cially announced in late January at the Robotics Industry Fo-
rum in Orlando. Burnstein said several other integrators are 
in the process of becoming certified, with three already slated 
for audits in the next several weeks.

Each certified integrator will need to be recertified every 
two years. Detailed information on the certification program 
and the certified robot integrators can be found on a special 
section of www.robotics.org.

“We feel the investment in this testing process is well worth 
the value it will provide to our customers,” says Bill Yeck, gen-
eral manager, JR Automation. “The testing highlighted our 
ISO9001:2008 procedures; which we feel will ensure future 
success of our company. JR Automation believes this certi-
fication will help companies identify sources for automated/
robotic equipment as well as supporting customers with their 
service needs.”

Scott Lang, president, Motion Controls Robotics, agreed. 
“At times it can be difficult to convey to a potential customer 
the depth of experience and qualifications of our organiza-
tion. Achieving Certified Integrator status from RIA demon-
strates our expertise and allows our customers to make a more 
informed supplier selection based on the findings of an inde-
pendent third party. We are especially pleased to be among 
the first group of robotic integrators to earn this certification.”
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events

Hannover Messe 2012 generated enough buzz that the 
5,000 exhibitors “will have their work cut out for them,” ac-
cording to Dr. Wolfram von Fritsch, chairman of the manag-
ing board of Deutsche Messe. “Green technologies are a via-
ble business model with the power to drive growth around the 
world. Industry has the solutions needed for achieving sus-
tainability in manufacturing. And green technology can trans-
late into higher profitability for industry.”

According to Hannover Messe personnel, one in four visi-
tors stopped by the IndustrialGreenTec show in Hall 26 dur-
ing the exhibition. The five-day event provided a ringing en-
dorsement of the organizer’s efforts to align the event with 
the global megatrends of energy and environmental technolo-
gies, mobility and urbanization. “The new themes launched 
at Hannover Messe over the past several years are now at the 
forefront of interest and are energizing the entire show. This 
means that our long-term strategy is proving to be right on 
target,” von Fritsch added.

The exhibition also demonstrated that industry has em-
braced the outstanding opportunities created by the energy 
shift. “Industry has the expertise required; now it’s time to get 
moving on implementation,” he continued.

This year’s Hannover Messe further strengthened its posi-
tion as an event for top-level decision-makers, he reported: 
“One out of five visitors was a CEO or company owner.” Pro-
fessionals accounted for 95 percent of all attendees— a jump 
of five percent compared with 2008. “This mix of international 
participation, thematic excellence and high-caliber decision-
makers defines Hannover Messe as the international bench-

mark for new business generation and networking in the in-
dustrial, government and research sectors,” von Fritsch added.

China as this year’s featured Partner Country showcased 
solutions for sustainable growth under the slogan of “Green 
+ Intelligence.” “Here in Hannover, China has raised the bar 
for future Partner Countries a notch higher,” von Fritsch said. 
“The People’s Republic has presented itself as an equal part-
ner and an important market and technology driver.” China’s 
presentation at Hannover Messe was its largest-ever indus-
trial showcase at a foreign venue. The 500 participating Chi-
nese companies were represented in all display sectors at the 
event. Prime Minister Wen Jiabao opened the event jointly 
with German Chancellor Angela Merkel.

Some highlights during the show included new products 
and innovations from companies like Bosch Rexroth and 
ABB and the third annual “vector awards” from Igus, offering 
cash prizes for technology advancements for energy chains.

Bosch Rexroth
Bosch Rexroth offered the Sytronix family, a combination 

of the company’s hydraulic pumps and electric drives at Han-
nover Messe. The Sytronix family provides many advantages, 
as the design engineer can integrate the ready-to-install, pre-
configured solutions very easily and quickly in the engineer-
ing environment without having to deal with the details of 
programming. Additionally, Rexroth now offers new features 
with the IndraMotion MLC system solution for minimizing 
time and effort for design and commissioning. The drive and 

Hannover Messe 2012 Focuses on 
Energy and Environmental Technologies

Green Days

With the control system IndraMotion MLC, Bosch Rexroth 
minimizes time and effort for design and commissioning 
(courtesy of Bosch Rexroth).

The 1,040 exhibitors at the “Industrial Automation” trade fair 
presented a wide array of automation innovations for manufacturing 
and processing (courtesy of Hannover Messe).
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control manufacturer neutralizes specifics for the user through 
electrical components and software with integrated hydraulic 
application expertise. Rexroth’s IndraMotion MLC equally 
controls—decentralized and centralized—hydraulic, hybrid, 
or electric axes. The control software comprises a wide range 
of predefined hydraulic control functions; therefore the pa-
rameterization of motion profiles does not require any hy-
draulics expertise. Rexroth is now intensifying that simplifi-
cation approach for the design and assembly of fast I/Os in 
typical applications such as forming or metallurgy. For more 
information, visit www.boschrexroth.com.

ABB
ABB launched its new generation 420 kV Gas Insulated 

Switchgear (GIS) at Hannover. The new design reduces prod-
uct volume by up to 33 percent (width × depth × height) com-
pared to its predecessor resulting in a considerably smaller 
footprint. The compactness of the unit makes it ideally suited 
for installations where space is a constraint and also reduces 
the amount of SF6 insulating gas requirement by as much as 
40 percent, making it more environmentally friendly. It is also 
designed to enhance resource efficiency by reducing thermal 
losses, lowering transportation costs and optimizing invest-
ment in infrastructure.

The new GIS can be factory assembled, tested and shipped 
as one bay in a container instead of multiple assembly units, 
saving site installation and commissioning time by up to 40 
percent compared with traditional designs. Frontal access to 
drives, position indicators and service platforms enable easier 
operation, inspection and maintenance. Standardized mod-
ules and connection elements also enable flexibility in terms 
of configurations and building optimization.

The product features a fast single-interrupter dual mo-
tion circuit breaker and has been designed for current ratings 
up to 5,000 A. It is capable of providing protection to pow-
er networks with rated short-circuit currents up to 63 kA. “A 
compact and more user friendly design, faster on-site com-
missioning and lower environmental impact are some of the 
key features of this latest generation of Gas Insulated Switch-
gear,” said Giandomenico Rivetti, head of ABB’s High Volt-
age Products business, a part of the company’s Power Prod-
ucts division. “The introduction of this 420 kV GIS is part of 
ABB’s ongoing technology and innovation focus and follows 
the recent launch of our advanced 245 kV and 72.5 kV ver-
sions.” For more information, visit www.abb.com.

Igus
Modern plastic energy chains ensure the safe supply of en-

ergy, data, pulses and operating media and are always in mo-
tion. They are suitable for multipurpose use in the crane and 
machine tool industries and in the robotics and clean room in-
dustries. Igus, a manufacturer of energy chain systems, cables 
and accessories, announced the results of the third global “vec-
tor award” competition during Hannover. The competition 

jury included representatives from the automation association 
within the German central association for electrical engineer-
ing and industry (ZVEI), the tooling laboratory (WZL) of 
the RWTH Aachen and TÜV Rhineland. The winners re-
ceived their awards at a special ceremony. The “vector award” is 
officially under the patronage of the Robotation Academy of 
the Hanover Industrial Fair. Winners in 2012 included Kuka 
Systems (gold), DEME (silver) and SCM (bronze). For more 
information, visit www.igus.com.

Overall, Hannover Messe was deemed a triumphant suc-
cess. Planning is already underway for the next show that will 
be staged from April 8–12 2013. “More than 600 compa-
nies have already submitted their registrations for Hannover 
Messe 2013. Over the past few days many of them have even 
inquired about the possibility of booking bigger stands next 
year,” von Fritsch added. “So next year’s event is likely to fill 
the entire trade fair complex in Hannover.” For more informa-
tion, visit www.hannovermesse.de. 

During the five days of the show, a total of approximately 5,000 
exhibitors from 69 different nations showcased their product 
innovations and solutions for industrial applications (courtesy of 
Hannover Messe).
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calendar
June 18–20—10th Shenzhen China 
International Small Motor Exhibition and 
Electric Machinery Exhibition.
Shenzhen Convention and Exhibition Centre. The tenth 
installment of this trade show features forums, general 
assemblies, product conferences and technology seminars 
taking place in eight exhibition halls. Co-located events 
include the International Magnetic Materials and Equipment 
Exhibition; the International Magnet Wired Insulating 
Materials Exhibition; International Electronic Equipment, 
Components, Photonics and Laser Exhibition; and the 18th 
China International Power Supply Exhibition. Exhibits cover 
a broad scope including motor technology, test equipment, 
manufacturing apparatus, parts and auxiliary products, motor 
control systems and devices, servo systems, digital control 
devices, frequency converters, switch devices and more. For 
additional information, visit www.motor-expo.cn/en/dj.asp.
June 19–20—International VDI Congress 
Drivetrain for Vehicles 2012.
Friedrichshafen, Germany. Sustainable driving, lower CO2 
consumption, a paradigm shift towards electromobility: the 
automotive industry has some difficult demands to satisfy. 
Vehicle transmission developers and users will be gathering 
at this important industry meeting-point now in its tenth 
incarnation. The conference will be directed by Dr.-Ing. Hans-
Joerg Domian, director of new products and methods, design 
tasks, ZF Friedrichshafen AG. Opening papers tackle the 
subjects of the future of driveline development, potential CO2 

savings and the role of electrification as well as electromobility. 
Alongside future-oriented transmission components for 
electric and hybrid vehicles, the program will also include 
current developments in the fields of double-clutch and 
automatic transmissions, manual transmissions and all-wheel 
drives, efficiency, components, materials and production 
engineering as well as clutches and operating strategies. The 
machines section is entirely new: here attendees can learn 
about, for example, technical trends in agricultural machines, 
new developments in construction machinery drives, infinitely 
variable power take-off drives or improvements in the ease of 
gear shifting. For more information, visit www.transmission-
congress.eu.
June 23–27—National Leadership and Skills 
Conference (NLSC).
H. Roe Bartle Hall Convention Center, Kansas City. The National 
Leadership and Skills Conference (NLSC) boasts 16,000 high 
school and college students that meet key decision-makers in 
vocational-technical and 
school-to-work education 
and leaders from business 
and industry. SkillsUSA 
TECHSPO is held in the 
midst of the SkillsUSA 
Championships, where 
5,400 students, America’s best entry-level workers, compete in 
96 hands-on skill and leadership contests. On the cutting edge 

of technology, these contests are run with the help of industry, 
trade associations and labor organizations. And it’s all open to 
the public. SkillsUSA TECHSPO includes a Career Fair, where 
students and company representatives can exchange information 
and talk about employment opportunities. For more information, 
visit www.skillsusa.org.
June 25–28—Siemens Automation 
Summit 2012.
Washington D.C. The theme of this year’s Summit, 
“Community. Experiences. Productivity,” builds upon the 
“wingman concept,” as the event will cover the complete 
spectrum of automation—from process and discrete to motion 
control and drives. The Summit will feature Version 2.0 of 
the popular Connect Event, where attendees can network 
in-person and virtually with Siemens employees, solution 
providers, integrators, distributors and end users. Siemens 
will offer hands-on training sessions, featuring work stations 
with equipment, led by technical experts, and will provide 
updates on recent product enhancements, including the 
Totally Integrated Automation (TIA) Portal, Simotion Version 
4.2, and the recently released PCS 7 Version 8. Certificates 
will be distributed to those individuals completing training 
courses, which may then be submitted for professional 
development hours. Classes may include firewalls in 
automation security, automation with Siemens, programming 
safety logic using safety matrix, energy management using 
intelligent motor control solutions and others. More than 
40 breakout sessions are scheduled featuring best practices 
and topics such as energy and asset management, improving 
productivity through the application of automation 
technology, maintenance and operations, novel approaches 
to problem resolution and safety and industrial security. For 
more information, visit www.usa.siemens.com/summit.
June 26–29—Expo Pack Mexico 2012.
CentroBanamex, Mexico City. Expo Pack will showcase 
the latest solutions in packaging and processing machinery, 
materials, containers and other related goods and services. It 
offers direct access to the packaging and processing industries 
in Latin America, attracting buyers from throughout the 
region, including professionals from the food, beverage, 
pharmaceutical, personal care, graphic arts, medical, chemical 
and automotive industries. Expo Pack Verde, returning for 
a third year, will display sustainable packaging technologies, 
and the Procesa pavilion will feature the latest developments 
in processing machinery and technology. The Containers and 
Materials pavilion will include innovations that increase visual 
impact, enhance convenience and maximize shelf life. For 
more information, visit www.expopack.com.mx.
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August 6–9—CAR Management 
Briefing Seminar.
Grand Traverse Resort and Spa, Traverse City, Michigan. 
The Center for Automotive Research (CAR) presents its 
traditional summer gathering for the automotive industry. This 
year’s scheduled sessions will focus on global manufacturing 
strategies, tooling technology, money matters, surviving 
the skills shortage and many more. The briefing seminar is 
a networking opportunity for manufacturers and suppliers, 
purchasing and marketing executives, energy representatives, 
financial analysts, government and education representatives, 
information managers, labor leadership, media members and 
plant managers and superintendents to share thoughts on the 
changing automotive industry. Speakers include Joseph Bakaj, 
vice president, powertrain engineering, Ford Motor Company, 
Jay Baron, president and CEO, CAR and Erik Berkman, 
president, Honda R&D Americas Inc. For more information, 
visit www.cargroup.org.
August 27–30—Power Transmission Principles.
Indianapolis. IDC University’s Power Transmission Principles 
course (PTP) is a four-day intensive study into the world of 
power transmission. PTP provides students with confidence 
in themselves, their company and the power transmission 
products they represent. This course is designed for inside and 
outside sales people from beginners to seasoned employees. 
Throughout the course, major power transmission products 
are displayed, discussed, and selected until each student knows 
how and why specific products help their customers. For more 
information, visit www.idc-usa.com.
September 10–15—IMTS 2012.
McCormick Place, Chicago. The 29th edition of the 
manufacturing technology show boasts more than 1,100 
exhibiting companies that will occupy 1.1 million net square 
feet of exhibit space. The show attracts 82,000 buyers and 
sellers from more than 116 countries. Leading manufacturers 
will display their equipment in pavilions including Metal 
Cutting, Tooling and Workholding Systems, Metal Forming 
and Fabricating/Laser Processes, Gear Generation, Industrial 
Automation and many more. The IMTS 2012 Conference 
brings the industry together, under one roof and at one time, 
to discuss revered technologies, business development and 
optimization, plus workforce efficiency and productivity. 
Special emphasis will be 
placed on maintaining 
focus on short- and long-
term goals during a tough 
economic environment. 
For more information, 
visit www.imts.com.
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classifieds

Learn about one of the most modern 
fleets of Gear Grinders, including the 
Höfler 700 and Gleason Tag 400 at Oliver  
Gear. See the latest Reishauer and Kapp 
 Gear Grinding technology, at ISO 9001-  
 2008 registered Nixon Gear, as well as 
the latest in CNC Gear Hobbing and cell-
ular manufacturing. 

PH: (315) 488-0100 
www.gearmotions.com 

                                          Gear Grinding 
                and Cutting Services

Gear Motions’ two manufacturing locations are 
leading suppliers of custom cut and ground spur and 

helical gears. Made complete or to your blanks.

 

 
 

GEAR MOTIONS, INC. 
An Employee Owned Company 

Learn about one of the most modern
fleets of Gear Grinders, including the
Höfler 700 and Gleason Tag 400 at  
ISO 9001:2008 registered Oliver Gear.
See the latest Reishauer and Kapp Gear
Grinding technology, at ISO 9001:2008
registered Nixon Gear, as well as the 
latest in CNC Gear Hobbing and cell- 
ular manufacturing.

PH: (315) 488-0100
ron.wright@gearmotions.com 

www.gearmotions.com

Ground Gear
Manufacturing

 

 

GEAR MOTIONS, INC.
An Employee Owned Company
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Power 
Transmission 

Buyers 
Guide

Gears 

Bearings

Motors

Gear Drives

Couplings 
Equipment

Motion Control
...and 

everything else 
you need 

to make things move.

Contact hundreds 
of the industry’s 

leading suppliers, 
quickly and easily, 

all in one place.

At
www.powertransmission.com

powertransmission
www.

.com

GEAR
MACHINERY
EXCHANGE.COM

www.gearmachineryexchange.com

Sponsored by

Do you have Surplus
Gear Equipment For Sale?

Talk to Michael at Goldstein Gear Machinery LLC
To Get Top $$$!

michael@goldsteingearmachinery.com

WANTED
Gleason Model 116  Change Gears
Fellows Model 36  Change Gears

Gear Manufacturer's increase profits with advertising in PTE!

There is no better time than now to 
market for new and more profitable 
customers.

Power Transmission Engineering is 
read by the individuals that buy and/
or specify gears. Advertise where your 
current and future customers will see it:

Power Transmission Engineering & 
www.PowerTransmission.com

For more information scan 
the QR Code or call Dave 
Friedman at 847-437-6604.

February 2012

w w w . p o w e r t r a n s m i s s i o n . c o m
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•  Seizing Control of Your Motion System

•  Open Gear Lubrication

•  Small-Footprint Hydrostatic Drives

Features

•  NASA’s Third Rock RadioPower Play

Green Design
Sourcing and Manufacturing

•  Energy and the 
Environment: A 
Delicate Balance

•  Energy-Saving 
Drive Systems
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power play

Defined in rudimentary terms, an electric motor is a device 
that uses electricity to create mechanical force. But in 1834, 
when our story takes place, most people would have trouble 
understanding the ramifications.

That was the year that one of the earliest DC electric mo-
tors was invented—by a blacksmith. It’s true. Thomas Dav-
enport (1802–1851), a Vermont smithy, constructed the first 
American DC electric motor. He went on to produce literally 
hundreds of motors.

One of a dozen siblings—his father died when he was 10—
at age 14 Davenport began serving a seven-year indentureship 
for a local blacksmith. His indentureship completed, in 1823 
Davenport settled in Brandon, Vt. and opened his own black-
smith shop.

The genesis of Davenport’s curiosity in electricity and mag-
netics was news that a nearby ironworks was using a new 
method for separating crushed ore. Developed by Joseph 
Henry, it used magnetized spikes secured to a rotating, wood-
en drum that attracted the purest of the iron content from the 
crushed ore. As it happens, this was quite timely in that the 
expansion of the railroads was spiking the need and demand 
for quality iron.

His interest piqued by the news from the ironworks, the 
uneducated Davenport read everything he could find on elec-
tricity and magnetics. Lacking money, Davenport asked his 
brother, a drummer, for help. They proceeded with a fire sale 
of sorts in that they unloaded most of the brother’s wares, con-
ducted some further horse trading, and secured enough money 
to buy one of the electromagnets.

Back in his shop, Davenport eagerly deconstructed the 
magnet as his wife, Emily, recorded each step. He then started 
his own experiments, building two magnets of his own design. 
One problem: insulated wire was required, but there wasn’t 
any. Problem solved—Emily cut up her silk wedding dress 
into strips—you just can’t make this stuff up—to provide the in-
sulation required for maximum windings.

The electricity source used was what was known as a “three-
cell Grove battery.”

Davenport mounted one magnet on a wheel; the other was 
fixed to a stationary frame. The two magnets powered the ro-
tor to turn one-half revolution. He then discovered that by 
reversing the wires to one of the magnets, the rotor would ro-
tate another half-turn. Next, he devised what is now common-
ly known as a brush and commutator. Wires from the frame 
supplied current to a segmented conductor, thus supplying 
current to the rotor-mounted electromagnet. The result was 
reversal of the polarity of the rotor-mounted magnet—twice-
per-rotation—resulting in non-stop operation.

The motor was capable of powering equipment in Daven-
port’s shop, but he was looking beyond horseshoes. He sought 
to find a power source for railroads that could replace the 
steam locomotive, which at that time suffered frequent, deadly 
boiler explosions.

Davenport’s solution: an electric locomotive. He even dem-
onstrated it with a small-gage model train car on a short sec-
tion of track, thus anticipating—knowingly or not—the elec-
trification of passenger transport; e.g., streetcars. The “train” 
operated on a circular track with power supplied by a battery 
fixed to the locomotive and using the rails as conductors to 
transmit the electricity. Encouraged, Davenport traveled to 
Washington to obtain a patent. His application was rejected, 
due largely to ignorance of electric equipment (evidenced by 
the fact that there were no existing patents for electrical ma-
chinery of any type).

But the scientific community and the media responded—
with enthusiasm. Benjamin Silliman, founder of Silliman’s 
Journal of Science, wrote that “A power of great but unknown 
energy had unexpectedly been placed in mankind’s hands.” 
The New York Herald reported it with practically transcenden-
tal fervor: “The occult and mysterious principle of magnetism 
is being displayed in all of its magnificence and energy as Mr. 
Davenport runs his wheel.”

Encouraged anew, Davenport returned to the patent office, 
armed this time with testimonials and—most importantly—a 
working model. Alas, the model was destroyed by fire before 
examination. He built yet another. Finally, in 1837 the first 
patent on any “electric machine” was issued to Davenport for 
his electric motor.

The motor was a technological success—and a dismal com-
mercial failure. Just like the folks at the patent office, there was 
then a dearth of knowledge of how, for example, to predict 
energy strength in a chemical battery. But most of all, battery-
powered motors could not begin to compete with steam en-
gines. Funds were promised him, which were unfulfilled, so 
Davenport retreated to Vermont with hopes of writing a book 
on his work and vision for his electric motor. He died bro-
ken—financially and in spirit—in 1851 at the age of 49, his 
book never completed.

On a happier note, there is a patent office model of Dav-
enport’s motor in The Smithsonian Institution. (Sources: “The 
Inventions of Thomas Davenport,” by Franklin L. Pope—Trans-
actions of the American Institute of Electrical Engineers, Vol. 8, 
1891; edisontechcenter.org;“The Blacksmith’s Motor,” by Dr. Frank 
Wicks— Mechanical Engineering magazine, July 1999.) 

The Painful Birth of the
DC Electric Motor
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866-REXNORD
www.rexnord.com

Solutions you can trust.

Rexnord solutions are not just about a transaction. To support your business, 
Rexnord delivers what’s needed to run a successful operation, including: 

•	 Dependable product availability and on-time delivery 

•	 Innovative solutions for a broad range of applications 

•	 Respected brands supported by sales, training and technical expertise 

Rexnord provides a comprehensive              
line of products and services: 
•	 Bearing
•	 Coupling
•	 Gear
•	 Industrial Chain
•	 Conveying Equipment
•	 FlatTop
•	 Installation, testing,                   

maintenance and repair

Rex®        Falk®        Link-Belt®        Thomas®        TableTop®        MatTop®       Marbett®        RTS® 
Brands you can trust.
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