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. We recently asked Richard Spore, a bearing applications engineer for C&U
BIO Americas, to define the solution for a problem faced by one of his customers.

E'\R’m# THIS Clearly, this problem is likely prevalent with more than one customer. The problem
COMMENT is that a refrigeration transport equipment maker is experiencing excessive

warranty costs for products used in over-the-road refrigeration applications. The
warranty issues were being caused by bearing failure in the magnetic clutch used in the system.

Magnetic clutches are used in a various automotive applications, especially for over-the-road
refrigeration trucks or “reefer” units. Typically, the bearings in the reefer unit's magnetic clutch
work well as long as the unit is operating and providing refrigeration. When the truck is between
deliveries and not carrying a load that requires refrigeration, the unit is shut down. This is where
the problem begins.

As the truck is driven, a large amount of vibration is transferred to the components of the reefer
unit. Because the clutch is idle at this time, the bearing components tend to vibrate, or oscillate,
against one another. The balls oscillate against the inner and outer bearing rings, or raceways,
and cause metal-to-metal contact. In some cases, the presence of bearing grease in the raceway
may help to offset the metal-to-metal contact. However, there’s usually enough vibration and
oscillation occurring during these long idle periods to cause metal-to-metal contact between the
balls and the raceways that can shorten bearing life. Typically, 50 percent of the clutches require
premature service or repair, resulting in astronomical warranty costs.

The initial design used by the refrigeration transport equipment maker was based on two 61908
bearings stacked together. The refrigeration transport provider learned that another division of its
corporate parent had experienced similar metal-to-metal contact issues with other components
and was able to successfully address the problem by using a thin dense chrome (TDC) coating,
called Armoloy, to create a sacrificial surface. Believing that this type of coating would work in a
magnetic clutch application, the refrigeration equipment maker began a search for a bearing
company to partner with, which is how C&U Americas came into the picture.

The manufacturer was very concerned about both the high warranty costs it was incurring and
also the strain that this issue was placing on customer relations. As a result, the initial design plan
spared no expense in the development of a bearing that would solve the clutch problem. The new
design incorporated rings coated with Armoloy and used ceramic balls in lieu of steel. A standard
bearing typically uses steel balls. But to maximize the reliability of the clutch bearings, balls made
from silicon nitride (SiN4) were used due to their high strength and light weight.

C&U sent the inner and outer base rings of the bearings to Armoloy, where a proprietary method
was used to prepare the rings for coating. All of the surfaces that would receive the Armoloy
coating had to be honed beforehand to ensure proper adhesion of the thin dense chrome. The
coating’s thickness was carefully monitored to maintain a tolerance of about 1 to 2.5 microns on
all critical functional surfaces. After the coating was applied, C&U completed the final assembly.

The new bearings were then subjected to many hours of stringent testing to validate the design,
including the development of a special bearing test stand. Additional hours of field-testing, in real-
world conditions, were also logged to further prove out the new design.

Part two of the solution was to come up with something more economical. The recommendation
was to use a magnetic clutch bearing with the same envelope dimensions as two of the current
61908 bearings. The only real hurdle here was adding the Armoloy coating to the inner and outer

rings while still maintaining consistent quality and internal clearance, and also keeping in mind that

it was for a bearing that was twice as wide as the previous design. The Armoloy designers
addressed the issue by developing new racks for coating the double row bearing. The solution
maintained the required coating thickness.

The manufacturer then tested the use of steel balls in lieu of ceramic balls to help decrease the
cost even further. The tests were successful and the second, more economical design was
implemented.

Related posts:

Bearing Life Prediction for Gearboxes With Applied Overhung Loads
Bearing Design Considerations in Medical Technology

8 Ways to Design End-of-Life Into Your Products

5 Common Failure Analysis Mistakes

Understanding Fatigue Failures

EMAIL THIS PRINT COMMENT

Comments
VIEW COMMENTS: NEWEST FIRST|OLDEST FIRST|THREADED VIEW

Be the first to post a comment regarding this story.

Partner Zone

Trends in PLC’s and PAC’s

We've all stared at a bills of material wondering if we could find a lower cost replacement, or
remove unessential parts to skim down the list. But, is face value the real indication of total
cost of ownership? Are there better ways to influence return on investment? Whether you are
building a single machine or a complex system, productivity, flexibility, and lifecycle of the
control system will directly impact your overall cost. Join us in this webinar to learn about the
latest trends in PLC’s and PAC’s, and how they can help you make the best choice for your
control needs. Click here.

Register Now

DesignNews

Custom Motor Drives
Configure Online

Processed in 11 Days
Learn More

maxon DCX
SwWiss made

More Blogs

Motorola's Moto 360 Is Round, But Is It Repairable?

- 1

Hello, Moto. Join the iFixit team as it takes apart the world's
first circular smartwatch, the Motorola Moto 360.

Apple iPhone 6 Release Highlights Importance of Supply
Chain Management

- 1

By implementing efficient and thorough quality-management
processes, companies can help prevent or mitigate the effects
of the supply-chain issues that reportedly plagued the Apple
iPhone 6 before its release this week.

Onshoring Continues to Gain Ground
-2

Arecent IPC report shows that onshoring is becoming a reality
for major global manufacturers.

Robot Printer Comes to You

-5

Have you ever accidentally abandoned a document on the
office printer simply because you didn't feel like getting up to
retrieve it right away? Well, fellow American, now your printer
can come to you. Meet the Fuji Xerox.

Video: These Robots Have X-ray Vision

- 3

Two small, wheeled robots can "see" through a concrete wall
using nothing but WiFi wireless communication. They can
detect and measure everything on the other side: people and
objects, their positions and geometry, whether they're moving,
and what materials they're made of.

MORE B

Design News Webinar Series

9/10/2014 11:00 a.m. California / 2:00 p.m. New York
3D Printing Materials: Current and Future Developments
More Information

7/123/2014 11:00 a.m. California / 2:00 p.m. New York
Taking Proportional Valve Applications into the Future
More Information

7/17/2014 11:00 a.m. California / 2:00 p.m. New York
Achieving Improved Efficiency with Compact Hydraulic
Controls

More Information

6/25/2014 11:00 a.m. California / 2:00 p.m. New York
How to Choose the Right Modeling Software
More Information

MORE WEBINARS | WEBINAR ARCHIVES

Featured Resources

Technology Roundup: Optimization Tools Streamline
Design and Development

Technology Roundup: Plastic Can Do the Job

What to do When Your Motion System Throws You a
Curve

Homing Methods in Motion Control Applications
Lee Spring Catalog

Smart Harmonics Technology vs 18 and 24 Pulse
Specifications

Simulation Based Concept Design: Setting the Right
Context for Detailed Design

capaNCDT - High Resolution Capacitive Displacement
Sensors & Systems

DIRAK's EPDM Gaskets Meet UL50E Requirements for
Periodic Compression and Recompression in
Electrical Enclosures

Planetary vs. Cycloid
Specification Plating Services Brochure
The Exertherm Solution

Dual Input Gearbox Provides Dual Output Speed
Solution

Fastening Solutions for Medical Devices

Challenges of Space Saving Power Supplies for Harsh
Environments

Quick Poll

v

When do you think additive-manufacturing / 3D-
printing will become mainstream for making end-
use parts?

In 10 years
In 30 years
In 50 years

Never

POLL ARCHIVE

CONTINUING
EDUCATION
C EC CENTER

180 DAYS OF EDUCATION

The Continuing Education Center offers engineers an
entirely new way to get the education they need to
formulate next-generation solutions.

Join interactive classes, earn IEEE Professional
Development Hours, Chat with peers

This Semester: July 1 - December 31

Login

Learn More

m Sep 8 - 12, Get Ready for the New Internet: IPv6
MON: September 8 - Day 1: Background & Overview of ...
TUE: September 9 - Day 2: Features of IPv.4 vs. IPv.6
WED: September 10 - Day 3: Addressing in IPv.6

THU: September 11 - Day 4: IPv.6: Traffic & Routing

FRI: September 12 - Day 5: Co-Existing & Adopting ...
SEMESTERS:1 [ 2 |34 |56

FERCUS

FUNDAMENTALS

Focus on Fundamentals consists of 45-minute on-
line classes that cover a host of technologies. You
learn without leaving the comfort of your desk. All
classes are taught by subject-matter experts and all
are archived. So if you can't attend live, attend at your
convenience.

Next Class: September 30 - October 2
Getting Started With SoC FPGAs (FPGAs
With On-Chip Processors)

Sponsored by Altera

Learn More | Login | Archived Classes

GOLDEN
MOUSETRAP

( AWARDS

MANUFACTURING AWARDS

Celebrating
Manufacturing Innovation

Deadline: October 28, 2014

Twitter Feed

Brutus Buckeye @Brutus_Buckeye 2h
i FAST. REALLY FAST! Design News -

@ Captain Hybrid - All-Electric 'Buckeye
Bullet' Shoots for 400 MPH
designnews.com/author.asp?doc... via
@designnews

Retweeted by Jerry Swanson

Expand

Brutus Buckeye @Brutus_Buckeye 2h
i FAST. REALLY FAST! Design News -

@ Captain Hybrid - All-Electric 'Buckeye
Bullet' Shoots for 400 MPH
designnews.com/author.asp?doc... via
@designnews

Retweeted by OSU STEM Initiatives
Expand

Brutus Buckeye @Brutus_Buckeye 2h
T FAST. REALLY FAST! Design News -

® Captain Hybrid - All-Electric 'Buckeye
Riilllet' Shnnte for 400 MPH

Like Us on Facebook

o oS Design News

i

A

31,336 people like Design News.

WEBINAR WEBINAR

News News
Taking Achieving Improved
Proportional Valve Efficiency with
Applications Compact Hydraulic
into the Future

Controls
Click to Watch Click to Watch

SUBSCRIBE FREE to DesignNews magazine )

SIGN UP for DesignNews enewsletters )

TECHNOLOGY MARKETPLACE

3 Million Products. Find more than 3 million products
available at www.alliedelec.com

About Design News | Advertise with Design News | Contact Us | Magazine Subscription | eNewsletter Subscription _

Copyright © 2014 UBM Canon, A UBM company, All rights reserved. Privacy Policy | Terms of Service


http://clk.atdmt.com/go/473826910/direct;wi.728;hi.90;ai.343759323;ct.1/01/
http://www.designnews.com/mobile/
http://googleads.g.doubleclick.net/aclk?sa=L&ai=CjIXz2-gRVLXrFsiklgee5oHgCNSNvOYEAAAQASAAUPTMo-QFYMnG-4q0pOQPggEXY2EtcHViLTM2NzY2MDI5OTcxMTk2ODXIAQLgAgCoAwGqBJwBT9DklOdbXIivQthqgImruzozfINpMkM20U15dfM5zhb7yJRh8P2OvyPbOhmBcfNMaORplh7OU_Kn70KKT-uk8nBIs64dJL6qmyreeZLzFqs_QawFMILRt1Nwtj9pud8VZwSLYbpuUKFBp2kulE-w3K5R-NnDycAVrg4V4L4yfL1cDVNFykJJ-PG3RWWssEdC3gfHdI42tsQom96-4AQBoAYU&num=0&sig=AOD64_2UgZa5_JKlqXTGw3AEQa3buSKMMA&client=ca-pub-3676602997119685&adurl=http://www.mouser.com
http://www.designnews.com/
javascript:GetObject('template_search').submit();
http://www.designnews.com/automation-and-control.asp
http://www.designnews.com/design-hardware-and-software.asp
http://www.designnews.com/electronics-and-test.asp
http://www.designnews.com/materials-and-assembly.asp
http://directory.designnews.com/index.html
http://showcase.designnews.com/
http://www.designnews.com/
http://www.designnews.com/archives.asp?section_id=1369
http://www.designnews.com/archives.asp?blogs=yes
http://www.designnews.com/archives.asp?threads=yes
http://www.designnews.com/archives.asp?section_id=1370
http://www.designnews.com/dntv.asp
http://www.designnews.com/webinar_archives.asp
http://www.designnews.com/author.asp?section_id=1386&doc_id=267057#
http://www.designnews.com/focus-on-fundamentals-calendar.asp
http://www.designnews.com/register.asp
http://www.designnews.com/login.asp?piddl_nexturl=http%3A%2F%2Fwww%2Edesignnews%2Ecom%2Fauthor%2Easp%3Fsection%5Fid%3D1386%26doc%5Fid%3D267057
mailto:support@designnews.com
http://www.designnews.com/rss_simple.asp?f_n=3055&f_ln=Automation%20&%20Control
https://plus.google.com/101510589467170810042
https://www.linkedin.com/company/design-news?trk=biz-companies-cym
http://twitter.com/#!/designnews
http://www.facebook.com/pages/Design-News/140253049318450
http://www.designnews.com/lecture-calendar.asp
http://www.designnews.com/document.asp?doc_id=270640&ltop=yes
http://www.designnews.com/lecture-calendar.asp
http://www.designnews.com/lecture-calendar.asp
http://www.designnews.com/profile.asp?piddl_userid=416794
http://www.designnews.com/email.asp
http://www.designnews.com/author.asp?section_id=1386&doc_id=267057&print=yes
http://www.designnews.com/author.asp?section_id=1386&doc_id=267057#msgs
http://www.designnews.com/profile.asp?piddl_userid=416794
http://www.designnews.com/author.asp?section_id=1386&doc_id=267057#msgs
https://twitter.com/intent/tweet?original_referer=http%3A%2F%2Fwww.designnews.com%2Fauthor.asp%3Fsection_id%3D1386%26doc_id%3D267057&text=Design%20News%20-%20Blog%20-%20Bearing%20Application%20Solution%20for%20Magnetic%20Clutch%20Failures&tw_p=tweetbutton&url=http%3A%2F%2Fwww.designnews.com%2Fauthor.asp%3Fdoc_id%3D267057%26section_id%3D1386&via=designnews
http://twitter.com/search?q=http%3A%2F%2Fwww.designnews.com%2Fauthor.asp%3Fdoc_id%3D267057%26section_id%3D1386
http://www.designnews.com/email.asp
http://www.designnews.com/author.asp?section_id=1386&doc_id=267057&print=yes
http://www.designnews.com/author.asp?section_id=1386&doc_id=267057#msgs
https://vts.inxpo.com/Launch/QReg.htm?ShowKey=17708&AffiliateData=DNPartnerZone
https://vts.inxpo.com/Launch/QReg.htm?ShowKey=17708&AffiliateData=DNPartnerZone
http://www.designnews.com/archives.asp?section_id=1386
http://www.designnews.com/rss_simple.asp?f_n=3055&f_ln=Automation%20&%20Control&f_s=1386&f_ln=Blog
http://clk.atdmt.com/go/473826641/direct;wi.160;hi.600;ai.343306120;ct.1/01/
http://event.on24.com/r.htm?e=835463&s=1&k=BF846BF09D67B2FC19A4ED60BA3B0755&partnerref=DNWebsite
http://event.on24.com/r.htm?e=835463&s=1&k=BF846BF09D67B2FC19A4ED60BA3B0755&partnerref=DNWebsite
http://event.on24.com/r.htm?e=788150&s=1&k=D0EAA0520A56DE812F0ACF41333E4840&partnerref=DNWebsiteOD
http://event.on24.com/r.htm?e=788150&s=1&k=D0EAA0520A56DE812F0ACF41333E4840&partnerref=DNWebsiteOD
http://event.on24.com/r.htm?e=739031&s=1&k=44EF96A2AD0FA840E62C7A3CB1DFE454&partnerref=DNWebsiteOD
http://event.on24.com/r.htm?e=739031&s=1&k=44EF96A2AD0FA840E62C7A3CB1DFE454&partnerref=DNWebsiteOD
http://event.on24.com/r.htm?e=788051&s=1&k=D642107877E35AD4B587145AA0AE21ED&partnerref=DNWebsiteOD
http://event.on24.com/r.htm?e=788051&s=1&k=D642107877E35AD4B587145AA0AE21ED&partnerref=DNWebsiteOD
http://www.designnews.com/webinar_archives.asp
http://www.designnews.com/webinar_archives.asp
http://www.designnews.com/lecture-calendar.asp
http://www.designnews.com/login.asp?ltop=yes&piddl_nexturl=%2Flecture%2Dcalendar%2Easp
http://twitter.com/designnews
http://googleads.g.doubleclick.net/aclk?sa=L&ai=C0e6C3OgRVNrFLNTGwQGCnoD4B5TBx70FAAAQASAAUOzej40FYMnG-4q0pOQPggEXY2EtcHViLTM2NzY2MDI5OTcxMTk2ODXIAQLgAgCoAwGqBJ0BT9AXgr0Q1umTumxzmuHPB9-EPMtMZTbgsapiNuNsCIfsC68rYohmFalIhLpcffJY1hCPirh8hgRcfhpw7osPFsYkfgw6mR_GDIPBFPoryy7Fbfokc57JoQ7iZrbkJJJmi8ewMQauaxod-79-Omo_7YpJvPgiBuz1hrohOPG_joSplBTcmulEf-8WpM8PCrWmSustnA8o7Gk3luu24uAEAaAGFA&num=0&sig=AOD64_2acXQje-1zJnmfSPRk3vsz77hX5g&client=ca-pub-3676602997119685&adurl=http://event.on24.com/r.htm%3Fe%3D788150%26s%3D1%26k%3DD0EAA0520A56DE812F0ACF41333E4840%26partnerref%3D160x160OD
http://googleads.g.doubleclick.net/aclk?sa=L&ai=CKyVP3OgRVI_ZNajJwQGxnoHIC9zHx70FAAAQASAAUL3_t6_6_____wFgycb7irSk5A-CARdjYS1wdWItMzY3NjYwMjk5NzExOTY4NcgBAuACAKgDAaoEnQFP0IpUvbOWaH-9-ePXamD2AWVa92fSnfkGoyIKIScOB4d9JuyvbxiqTS0l-oshvm9z56R2MBhbA8uh7wzFKGzWx1I5q9yE-DGjA-hEC7VpKPh2T5V5ylS1YvuRkX0TYqDdoC5FYg8WAce17i6BjUfMnaugEMKnuAmZigFYu27VBQ2vKuk-8q6EVetOibPlAsGS-y-8R6za7hkByJlw4AQBoAYU&num=0&sig=AOD64_0hYane7h-yxgk9jiWCqZzjM05uRw&client=ca-pub-3676602997119685&adurl=http://event.on24.com/r.htm%3Fe%3D739031%26s%3D1%26k%3D44EF96A2AD0FA840E62C7A3CB1DFE454%26partnerref%3D160x160OD
http://www.designnews.com/document.asp?doc_id=208723
http://www.designnews.com/document.asp?doc_id=208724
http://www.designnews.com/document.asp?doc_id=208725
http://eforms.kmpsgroup.com/jointforms/Forms/Subscription.aspx?pubcode=desn
http://www.designnews.com/register.asp
http://www.designnews.com/rss_simple.asp?f_n=3055&f_ln=Automation%20&%20Control
http://t.co/hrDQoSiiim
https://twitter.com/DesignNews
https://twitter.com/JerrySwanson8
https://twitter.com/Brutus_Buckeye
https://twitter.com/Brutus_Buckeye/status/510090927306588160
http://t.co/hrDQoSiiim
https://twitter.com/DesignNews
https://twitter.com/OhioStateSTEM
https://twitter.com/Brutus_Buckeye
https://twitter.com/Brutus_Buckeye/status/510090927306588160
https://twitter.com/Brutus_Buckeye
https://twitter.com/Brutus_Buckeye/status/510090927306588160
https://twitter.com/Brutus_Buckeye/status/510090927306588160
https://twitter.com/Brutus_Buckeye/status/510090927306588160
https://www.facebook.com/designnewsmag
https://www.facebook.com/help/?page=209089222464503
https://www.facebook.com/designnewsmag
https://www.facebook.com/designnewsmag
https://www.facebook.com/help/?page=209089222464503
https://www.facebook.com/sr20de919
https://www.facebook.com/mobradrussell
https://www.facebook.com/demsew.teshome.1
https://www.facebook.com/tihomir.dovramadjiev
https://www.facebook.com/srinivas.kristnam
https://www.facebook.com/aczekanski
https://www.facebook.com/people/Jay-Struble/1078156338
http://www.cubearing.com/en/
http://www.designnews.com/document.asp?doc_id=265004
http://www.designnews.com/document.asp?doc_id=262871
http://www.designnews.com/author.asp?section_id=1365&doc_id=262859
http://www.designnews.com/author.asp?section_id=1365&doc_id=242711
http://www.designnews.com/author.asp?section_id=1365&doc_id=241687
http://www.designnews.com/author.asp?section_id=1386&doc_id=267057&piddl_msgorder=asc#msgs
http://www.designnews.com/author.asp?section_id=1386&doc_id=267057&piddl_msgorder=thrd#msgs
http://www.designnews.com/message.asp?piddl_fieldsmode=new&piddl_msgtopicid=68&piddl_msgparentid=1328604
http://googleads.g.doubleclick.net/aclk?sa=L&ai=CdKw62-gRVKeDKKO6wQHcrYHYCsSE58MFAAAQASAAUI2P42Bgycb7irSk5A-CARdjYS1wdWItMzY3NjYwMjk5NzExOTY4NcgBAuACAKgDAaoEnQFP0IPgr8S0kXHJRR8Dcz50_wHIQz8pswEUAMs2e6VJz-jwgjzz8USfTXR_749mQ7Ow9OD8au3Ockr5y0IvzsuYilaZwFzYdx3PGNuglPKJL8MS0b777ZUG1YPJzH_fw-QhprqLXITDyf-33_KtFh3dwWX-tNHtZYGlLhEDRmwSNEUMmSdsvFkpg_xthENDR37r46w3ON7U67GXOPBR4AQBoAYU&num=0&sig=AOD64_0Jm6AFPZjzctykLXGoWouvhGarCg&client=ca-pub-3676602997119685&adurl=http://www.maxonmotorusa.com/maxon/view/content/DCX-Detailsite
http://www.designnews.com/author.asp?section_id=1386&doc_id=274736&
http://www.designnews.com/author.asp?section_id=1386&doc_id=274736&#msgs
http://www.designnews.com/author.asp?section_id=1386&doc_id=274742&
http://www.designnews.com/author.asp?section_id=1386&doc_id=274742&#msgs
http://www.designnews.com/author.asp?section_id=1386&doc_id=274719&
http://www.designnews.com/author.asp?section_id=1386&doc_id=274719&#msgs
http://www.designnews.com/author.asp?section_id=1386&doc_id=274727&
http://www.designnews.com/author.asp?section_id=1386&doc_id=274727&#msgs
http://www.designnews.com/author.asp?section_id=1386&doc_id=274685&
http://www.designnews.com/author.asp?section_id=1386&doc_id=274685&#msgs
http://directory.designnews.com/live/general/fileaccess.jsp?site=41&code=175-99-168-161-156-154-152-98-166-167-98-173-164-166-169-98-152-154-167-156-161-163-165-158-156-163-168-98-165-160-162-153-98-168-160-169-156-98-157-152-169-153-168-165-100-153-153-168-154-158-163-97-155-154-163-154-100-105-102-104-108-105-99-153-171-162-160-45
http://directory.designnews.com/live/general/fileaccess.jsp?site=41&code=027-99-169-152-155-165-159-98-169-161-172-97-160-158-161-174-97-172-152-147-171-97-165-156-147-170-168-158-147-165-100-151-150-158-95-155-163-98-146-151-100-167-170-162-162-169-157-168-149-150-100-154-158-156-151-103-104-106-96-100-110-98-157-164-159-163-45
http://directory.designnews.com/live/general/fileaccess.jsp?site=41&code=792-99-114-142-124-117-169-162-173-162-158-157-158-156-154-164-147-132-156-156-154-147-116-152-173-147-147-131-159-158-151-168-143-105-105-99-101-93-157-162-158-153-96-107-105-105-109-98-101-169-150-154-40&COMPEMAIL=mwinchester@bwc.com
http://directory.designnews.com/live/general/fileaccess.jsp?site=41&code=029-99-159-159-166-158-102-101-100-106-102-154-154-156-151-105-104-98-96-100-114-98-161-148-152-41&COMPEMAIL=annk@galilmc.com
http://directory.designnews.com/live/general/fileaccess.jsp?site=41&code=353-99-103-99-102-103-147-120-148-169-148-160-164-154-98-153-157-161-152-101-103-105-104-104-104-97-164-153-153-45&COMPEMAIL=sales@leespring.com
http://directory.designnews.com/live/general/fileaccess.jsp?site=41&code=399-99-131-160-154-171-168-120-148-171-166-163-158-156-156-172-136-149-150-161-167-163-156-162-160-178-97-150-156-165-158-100-100-99-108-114-109-94-163-157-159-40&COMPEMAIL=marcom@yaskawa.com
http://directory.designnews.com/live/general/fileaccess.jsp?site=41&code=499-99-135-157-166-174-160-149-168-162-168-162-147-118-154-172-153-152-147-124-168-162-151-153-169-173-147-120-153-172-162-155-162-147-158-123-163-163-159-102-106-97-154-157-165-158-100-104-104-109-114-109-98-164-157-159-44
http://directory.designnews.com/live/general/fileaccess.jsp?site=41&code=515-98-156-150-161-150-129-124-121-133-85-96-89-125-154-156-155-89-167-150-168-162-165-170-165-158-162-167-85-148-150-163-154-152-154-169-156-175-154-81-153-156-172-165-157-150-150-158-162-150-163-167-89-168-150-163-166-168-167-164-85-148-167-153-81-168-172-172-169-150-162-166-102-155-154-161-152-105-104-106-106-100-110-99-161-153-153-39&COMPEMAIL=me-usa@micro-epsilon.com
http://directory.designnews.com/live/general/fileaccess.jsp?site=41&code=293-99-117-130-125-128-84-119-147-172-158-153-164-165-89-128-153-149-166-89-136-128-101-98-126-83-134-149-163-174-156-166-149-159-158-161-168-163-95-159-156-160-149-98-109-99-102-105-101-103-163-152-150-40&COMPEMAIL=options@dirak.com
http://directory.designnews.com/live/general/fileaccess.jsp?site=41&code=486-99-162-152-106-149-171-152-157-172-155-147-160-149-168-155-166-93-154-161-162-153-96-104-104-106-108-102-98-168-154-154-40&COMPEMAIL=jimg@nabtescomotioncontrol.com
http://directory.designnews.com/live/general/fileaccess.jsp?site=41&code=203-99-129-119-128-96-123-150-160-149-165-149-157-95-125-152-168-146-158-93-121-157-159-155-163-155-157-159-153-93-117-166-160-149-152-168-166-150-95-150-156-160-150-98-100-100-102-97-101-94-163-152-151-41&COMPEMAIL=sales@pepgenmetal.com
http://directory.designnews.com/live/general/fileaccess.jsp?site=41&code=028-99-137-152-151-88-121-141-117-132-140-124-122-130-127-88-135-164-156-167-172-157-164-158-95-158-157-161-149-98-108-105-101-98-106-102-164-153-150-45&COMPEMAIL=industrial@exergen.com
http://directory.designnews.com/live/general/fileaccess.jsp?site=41&code=656-99-120-171-150-162-84-125-164-165-171-168-84-125-154-151-166-150-165-173-86-132-166-165-171-159-152-153-169-85-122-169-149-162-85-133-169-168-166-170-170-84-135-166-154-155-152-84-137-164-162-169-168-159-164-164-84-117-171-156-171-167-168-86-103-102-101-104-99-155-159-160-153-102-105-106-106-105-108-99-166-152-154-44&COMPEMAIL=cpopp@diequa.com
http://directory.designnews.com/live/general/fileaccess.jsp?site=41&code=026-99-125-153-153-158-147-134-165-147-162-157-169-169-145-124-149-168-164-151-164-157-163-151-145-137-163-161-165-166-159-163-163-163-145-156-163-167-143-127-155-152-158-147-147-162-147-121-149-168-159-151-154-163-95-156-157-161-149-98-106-105-101-98-104-100-164-153-150-45&COMPEMAIL=info@spirol.com
http://directory.designnews.com/live/general/fileaccess.jsp?site=41&code=030-99-165-148-158-147-156-146-156-159-149-162-152-149-166-93-154-154-156-152-96-104-98-96-102-96-98-161-148-153-41&COMPEMAIL=mel.berman@lambda.com
http://www.designnews.com/archives.asp?section_id=1378
javascript:%20ToggleCEZBox();
http://www.designnews.com/lecture-calendar.asp
http://www.designnews.com/document.asp?doc_id=270640&ltop=yes
http://www.designnews.com/lecture-calendar.asp
http://www.designnews.com/lecture-calendar.asp
http://www.designnews.com/lecture-calendar.asp
http://www.designnews.com/lecture-calendar.asp
http://www.designnews.com/lecture-calendar.asp
http://www.designnews.com/lecture-calendar.asp
http://www.designnews.com/lecture-calendar.asp
http://www.designnews.com/lecture-calendar.asp?p_l_ed=CEC_Semester_One_2012
http://www.designnews.com/lecture-calendar.asp?p_l_ed=CEC_Semester_Two_2012
http://www.designnews.com/lecture-calendar.asp?p_l_ed=CEC_Semester_Three_2013
http://www.designnews.com/lecture-calendar.asp?p_l_ed=CEC_Semester_Four_2013
http://www.designnews.com/lecture-calendar.asp?p_l_ed=CEC_Semester_Five_2014
http://www.designnews.com/lecture-calendar.asp?p_l_ed=CEC_Semester_Six_2014
http://www.designnews.com/focus-on-fundamentals-calendar.asp
http://www.designnews.com/focus-on-fundamentals-calendar.asp
http://www.designnews.com/login.asp?ltop=yes&piddl_nexturl=%2Ffocus%2Don%2Dfundamentals%2Dcalendar%2Easp
http://www.designnews.com/archives.asp?section_id=3563
http://googleads.g.doubleclick.net/aclk?sa=L&ai=CHZ6X3OgRVND0IsOxwAHw1YDwDZyRxosFAAAQASAAULCZoIP______wFgycb7irSk5A-CARdjYS1wdWItMzY3NjYwMjk5NzExOTY4NcgBAuACAKgDAaoEnQFP0LtgAciqZllcVFAF5QuJe9AwQbMXYlA1PppuIEoLtBx5XRwodilzahdJdwCHwVSmqsPFJRT2mEItHo-5Sc7t8T0T4TBlPNXXRm6AfpFyYTR5cKaxGD88kYzq8U-I6JwGpfizU9WzgX3gEGDuRbfkZgT9-YP3aE6BpS4Gb0mYda6dsoicwm04N5uHCVQn6ZyGi1JbR-EGRUaABPLL4AQBoAYU&num=0&sig=AOD64_1CuwWR_PCaP8iAs55icx5L3KwCPg&client=ca-pub-3676602997119685&adurl=http://goldenmousetraps.com
http://eforms.kmpsgroup.com/jointforms/Forms/Subscription.aspx?pubcode=desn
http://www.designnews.com/register.asp
http://adclick.g.doubleclick.net/aclk%253Fsa%253DL%2526ai%253DBQATN3egRVLbWA5ThwQH65oHQB6Tt5MMEAAAAEAEgADgAWMTUq9W4AWDJxvuKtKTkD4IBF2NhLXB1Yi0zNjc2NjAyOTk3MTE5Njg1sgESd3d3LmRlc2lnbm5ld3MuY29tugEJZ2ZwX2ltYWdlyAEJ2gFCaHR0cDovL3d3dy5kZXNpZ25uZXdzLmNvbS9hdXRob3IuYXNwP3NlY3Rpb25faWQ9MTM4NiZkb2NfaWQ9MjY3MDU3wAIC4AIA6gIUMjQ0MS9kZXNpZ25uZXdzL2Jsb2f4AvnRHpAD4AOYA-ADqAMB0ASQTuAEAaAGIA%2526num%253D0%2526sig%253DAOD64_1M0qz5uaWUB1Ru9MzPcX5GuBRUtQ%2526client%253Dca-pub-3676602997119685%2526adurl%253Dhttp://www.alliedelec.com/%3Futm_source%3Ddesignnews%26utm_medium%3Dtext%26utm_campaign%3D0714_GF_3million_tm_1
http://www.designnews.com/
http://legal.us.ubm.com/copyright-notice/
http://legal.us.ubm.com/privacy-notice-highlights/
http://legal.us.ubm.com/terms-of-service/
http://www.designnews.com/login.asp?piddl_nexturl=http%3A%2F%2Fwww%2Edesignnews%2Ecom%2Fauthor%2Easp%3Fsection%5Fid%3D1386%26doc%5Fid%3D267057&piddl_msg=Please+login%2E
javascript:void(0);

