TECHNOLOGY’

éan EXpo
2013 Issue

* Gear/ASM ExHiBITOR InTerRviews
* SHowsTOPPEeRS ADVERTISING SecTion
% * SHow Map/ALL BooTH LisTInGs

13

€

STEM: The New 3 Rs?
How to Inspect a'Gearbox s i s/

= =

ASKTHE EXPERT:

Lubrication Education

NEW-FORMULA ACETYLENE
ENHANCES LPC

PLANETARY GEAR
TRANSMISSIONS GO LITE

S www.geartechng

THE JOURNAL OF GEAR MANUFACTURING




ong splineiar “

ear shafti

The Bourn & Koch 400H CNC horizontal hobbing up to 76” or longer can be processed by the extended
machine is a 7-axis CNC machine that can hob spur bed versions.

gears, helical gears, splines and threads on cylindrical All axes’ movements are supported by high-precision
blanks or shafts. ball screws and linear roller ways, resulting in very fast
Its powerful, direct drive work spindle and extremely setups and precise part machining. The through-hole,
stable, steel-polymer composite components make it work spindle drive allows clamping of shaft parts that

ideal for manufacturing large and heavy shaft parts up exceed the actual work area limitations.
to 406 mm in diameter and 6.4 module. Shaft lengths
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" Septémber 17-19, 2013

BOURN&KOCH

A dual tool setup allows for several gearings on one
shaft or rough and finish cutting on one spindle, and
it can hob wet or dry. Machine length extensions are
also available. Learn more at our website or call us to
discuss your application.
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Visit Star SU (booth 901) at Gear Expo!
http://info.star-su.com/attend_gearexpo13
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Our special Gear Expo advertising section
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Georgia Legislature Votes for

Higher Learning 1l Ask The Expert: Lubrication.
State partners with Siemens USA for Specifying and methodology.

STEM initiative.

[\l New-Formula Acetylene Cool for

How to Inspect a Gearbox HeatTreatment

The equipment and techniques needed ACGT\;!enef\/l\/'Th DMF solvent enables

for an on-site gearbox inspection. benefits of low-pressure vacuum
carburizing.

[l Light-Weight Design for Planetary
Gear Transmissions
Planetary gear transmissions optimized
for efficiency, weight and volume
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Gears for the Curisoity Rover
were ground using the KAPP VUS 55P

Gears good enough for NASA.

KAPP Technologies
2870 Wilderness Place Boulder, CO 80301
Phone: (303) 447-1130 Fax: (303) 447-1131

August 2006
NASA begins development on Mars Science
Laboratory Rover (MSL)-later renamed Curiosity.

December 2008 (date for illustrative purposes only)
Critical gears are required for MSL’s 6 wheels.
An American manufacturer is chosen to produce
these. KAPP VUS55 is chosen to grind them.

November, 2011
Curiosity launches into space from Cape
Canaveral Air Force Station, Florida.

August 6, 2012
Curiosity lands successfully on Mars.

September 2012 - July, 2013
Curiosity collects first samples of material
ever drilled from rocks on Mars. Analysis
shows evidence of conditions favorable for
life in Mars’ early history.

Booth 611

KAP P N I LE S www.kapp-niles.com info-usa@kapp-niles.com
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Spiral Bevel Gears

Vol.30, No.6

TECHNOLOGY

» Spiral & straight bevel gear manufacturing.

* Commercial to aircraft quality

= Spur, helical, splined shafts, II'ITt‘lﬂd| & external,
shaved & ground gears.

= Spiral bevel grinding.

« Midwest Transmissions & Reducers.

* |SO compliant.
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PHONE 630-595-7333
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www.hanikcorp.com
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Gear manufacturing technology innovations
from Liebherr.

At the EMO 2013, we will present our new products from the areas

of gear cutting machines, automation systems, and gear cutting - Visit us at

tools in hall 26, booth A11. During development of our innovations, EMO Hannover, Germany
we place particular emphasis on choosing an optimal solution September 16-21, 2013
for the respective application. The result: Process stability and Hannover Hall 26, Booth A11

an outstanding quality of manufactured components - with the
highest level of economy possible.

LGG 180

Generating grinding machine

LGG 180/LGG 280

¢ A single-table solution for gear grinding
of workpieces up to @ 180 mm, or up
to @ 280 mm, and workpiece lengths up
to 500 mm

¢ Extremely fast load/unload times of 4
seconds, chip-to-chip, with a single-table

¢ New Palletizing Cell LPC 3400

LC 180
Chanmfer Cut

LIEBHERR | = =

Gear hobbing machine LCH 180 two Gear hobbing machine LC 180 Chamfer Cut

e Multi-cut strategy with roll/press deburr-chamfering e High chamfer quality with one-cut hobbing strategy

* Primary hobbing time is done in parallel to the load/unload, * Primary hobbing time is done in parallel to chamfering
and roll/press deburr-chamfering, between two cuts — on in a second machining position

two work-tables

Liebherr Gear Technology, Inc.
1465 Woodland Drive

Saline, Michigan 48176-1259
Phone.: +1 734 429 72 25

E-mail: info.lgt@liebherr.com ll EBH ERR

www.liebherr.com The Group
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THE GEAR INDUSTRY'S INFORMATION SOURCE

www.geartechnology.com

GT VIDEOS

Ronson Gears recently released a video of a
Corvette shaft being gear cut on one of Ronson's

three auto load CNC gear cutting machines. These
machines allow the company to produce gearing
at a low cost and a higher quality.

Gear Expo Coverage

Additional Gear Expo coverage will be available on Twitter,
Facebook and LinkedIn following the show, including product
information, educational updates and a Gear Expo recap.

E-Newsletter:
Upcoming E-News topics for Gear Technology include the following:

October—Heat Treating
November—Cutting Tools
December—Gear Metrology

Contact wrs@geartechnology.com with editorial ideas.

Ask the Expert:

Do you have a question about gear design, manufacturing, heat
treating, inspection or assembly? Submit your questions to our
panel of experts at: www.geartechnology.com/asktheexpert.php

LinkedIn

We like events that cater to both
audiences of Gear Technology and Power
Transmission Engineering. Check out our
LinkedIn page for upcoming trade shows,
seminars or educational events like SME's
Westec in Los Angeles (October 15-17).

Stay Connected

Back to Basics: ]
Follow us on Twitter

Looking for good articles on gear fun- twitter.com/#!/Gear_Technology
damentals? Look no further than the
Gear Technology Articles Archive. Just
go to the home page and type “basics’
in the search box.

J

Connect with us on LinkedIn
www.linkedin.com/groups/Gear-
Technology-Magazine-3893880

For Related Articles Search

. (J
basics )

at www.geartechnology.com

Subscribe Online
www.geartechnology.com/
subscribe.htm
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Breathe Easy...
With High-Quality Gears
From Forest Gity Gean

CareFusion’s EnVe® ventilator meets the critical need for portable, high-performance
ventilation, making it easier to move intensive care patients from location to location.
Extreme miniaturization, performance and reliability are built into every component,
including the blower motor gears supplied by Forest City Gear. In this and dozens

of other medical applications, wherever high-precision, smooth-running dependable
gears are needed, you'll find our products.

Gfat.healthler gears tc.>day. FOREST CITY GEAR
Visit www.forestcitygear.com. w_

11715 Main Street, Roscoe, IL 61073
815-623-2168

See us at Booth #923
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Series

GE
GEAR HOBBERS

EXHIBITOR
Booth #909

The Truth be Told

E Could Stand For:

Excellence.

Extraordinary.

Extreme, etc...

and one would be forgiven for
thinking so, because these
descriptions certainly represent

the Mitsubishi machines which
contain this letter in their model
name. However, the simple truth is
that the letter E denotes that these
machines are the latest iterations of
the models which carry it. The SE
gear shapers, GE gear hobbers, FE
gear shavers and ZE gear grinders
epitomize the development of the
process technology they have been
designed for and so aptly carry out.
Research and Development is not
just a glib phrase at Mitsubishi; it is a
philosophy that the company stands
by to stay ahead of its competition
and to ensure continuing profitability
and the profitability of its customers.
Yes, E could stand for many things
but with continuous striving for
perfection and intense R & D,

the E simply means it is as good

as it gets. Period.

To personally experience the
world-class performance of the
Mitsubishi E Series of machines
visit mitsubishigearcenter.com
or contact sales 248-669-6136.

MITSUBISHI

HEAVY INDUSTRIES AMERICA, INC.

Machine Tool Division « Gear Technology Center
46992 Liberty Drive + Wixom, M| 48393

mitsubishigearcenter.com
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publisher's page

Going to

Gear Expo

Like many of you in the gear industry, we've been working
extremely hard over the past few months getting ready for Gear
Expo 2013, which takes place September 17-19 in Indianapolis.

As we put the finishing touches on this issue of the maga-
zine, were also packing up and getting ready for our exhibit at
the show. This year, we'll be in Booth #1123, and we’re looking
forward to meeting as many of you as possible. Our booth is
your rest stop at the show—a place to sit down and relax among
friends as you take a break from visiting hundreds of exhibits.

At our booth, we're officially beginning our celebration of
30 years of Gear Technology, with some special presentations
you won't want to miss. Also, we'll be serving complimentary
espresso, cappuccino and latte drinks. We invite you to come
and spend a few moments with us, whether you need a boost
of caffeine in the morning or you just need a break later in the
day and want to take advantage of our comfy couch. Either way,
we'll be happy to see you.

We're also putting together an exclusive special event - just
for manufacturers of gears and gear drives - the morning of
Wednesday, September 18. This unique opportunity, which
includes breakfast, will focus on marketing in the gear industry.
We'll be taking about the how and why of building your brand
and the ways you can make your gears and gear drives stand
out from the competition. We'll also make sure youre aware of
all the tools we have available to help you with your marketing
efforts, including our magazine Power Transmission Engineering,
which is designed specifically to reach your customers: the buy-
ers of gears, gear drives and mechanical power transmission
components. So if your company sells gears or gear drives and
you're going to be in Indianapolis during the show, contact Dave
Friedman (dave@geartechnology.com) for more information
(please note: because this event takes place before show hours,
an entrance ticket will be required for admittance to the show
floor).

In order to help prepare you for your visit to Indianapolis,
we've put together some 48 pages of Gear Expo related informa-
tion, beginning on page 28. The map and listings will help you
get your bearings at the show and identify the booths you want
to see. More importantly, our booth previews and Showstopper

Publisher & Editor-in-Chief
Michael Goldstein

advertising section will give you a good feel for what you can
expect this year.

Once again, our coverage also includes information on the
ASM Heat Treating Society Conference and Exhibition, which is
co-located with Gear Expo. If you are interested in heat treating
services and technology, the coverage begins on page 70.

You can find even more Gear Expo information online in our
article archives at geartechnology.com and powertransmission.
com. For example, the August 2013 issue of Gear Technology
included an overview of the show, interviews with exhib-
itors about their expectations and coverage of the AGMA
Fall Technical Meeting. The August 2013 issue of Power
Transmission Engineering explored Gear Expo from a gear buy-
er’s perspective, including listings of the gear and gear drive
manufacturers who are exhibiting, as well as booth preview for
many of them. Both issues also included Showstoppers adver-
tising sections.

As always, Gear Expo will provide great opportunities for
everyone in the gear industry, whether you are a supplier of
machine tools, a gear manufacturer or a gear buyer. There is no
other event that offers the same concentration of gear manufac-
turing industry knowledge, expertise and technology all in one
place. So if gears are any significant part of your business, your
company will benefit by your attendance at the show.

We look forward to seeing you in Indianapolis.

PS. While you're there, please remember to stop by booth #1123
and renew your FREE subscription. You'll be covered for two
years, so you won't have to renew again until Gear Expo 2015!

September 2013 | GEARTECHNOLOGY g



Feedback: Job Shop Lean (ongo-
ing lean series in Gear Technology 2013)

Dr. Irani,

Congratulations. Many industries have
been slow to implement celluar manufac-
turing. At the former New Venture Gear,
we implemented work cells in 1995. Our
work cells were heavily influenced by the
design of work cells at Toyota, Mitsubishi,
and Aisin A.I in Japan. We took their
design and elevated cell manufacturing
to a much higher level. We realized that
copying the Japanese layout design would
only keep us even with the competition.
We began analyzing the manufacturing
process and how to revolutionize gear
manufacturing.

Gear cutting has traditionally involved
using heavy cutting oil. Cutting oil cre-
ates hazards itself. It creates slip hazards
on the floor. It creates breathing health
hazards for employees. It creates environ-
mental hazards as it must be prevented
from running off and contaminating the
ground water supply and it must be dis-
posed of properly. We had already moved
past using heavy gear oil and were utiliz-
ing Cimcool water-based coolant, but we
still had the same hazards.

We began to envision how we could
cut gears without coolant. We were told
[at that time] by gear cutting equip-
ment manufacturer Pfauter that it was
impractical if not impossible to cut gears
without liquid coolants. We were told
gear cutting hobs won’t hold up to the
heat generated from the cutting process
without coolant. Despite this advice, our
team remained true to the vision.

We brought in engineers from
Mitsubishi Heavy Industries in Japan.
Mitsubishi had developed a titanium
aluminum nitride coating for cutting
tools. If one knows anything about
machine tools, they know that the coat-
ing on a tool performs as a lubricant.
Cutting oils are also lubricant but addi-
tionally cool the gear that is being cut.
By using gear hobs coated with TiAIN,
the cutting speed required is approxi-
mately four times as fast as conventional
gear cutting. Compressed air is utilized
to evacuate the chips from the part. The
heat goes away with the chip, leaving
the gear lukewarm. Dry cutting gears
reduces cutting time significantly: a gear
that formerly required four minutes to

1[] GEARTECHNOLOGY | September 2013

cut with traditional
gear cutting practic-
es requires less than
a minute to complete
dry cutting.

Another major
opportunity for
improvement in gear
manufacturing is to
eliminate the damage
from material han-
dling while the gear is
in a “green state” The
damage to gear teeth
prior to heat treat-
ing results in gearbox
noise. The typical solu-
tion is to add manpow- Enply ol st s
er to grind the nicks s sone
off the gear teeth after
heat treating. We did a
cost analysis and deter-
mined that it was more
economical to purchase
additional heat treat
alloy fixtures to load
the gears directly onto
at the gear cutting pro-
cess instead of placing the gears into
plastic dividers in a shipping container
and then having an employee damage
the gear teeth as he places them on the
alloy fixture in the heat treat department.

Another major improvement we made
was the transition from finishing the
bores and faces by grinding to hard
turning the surfaces with special inserts
on CNC turning lathes. We achieved
the same micro-finishes by hard turn-
ing that we did with the grinding process
while eliminating the coolant that had
all the hazards I mentioned with cut-
ting oils in gear cutting. We also hard
turned all diameters on all shafts instead
of grinding.

We eliminated roving inspectors and
placed the responsibility of quality upon
the cell operator. We still had to verify
gear geometry in the gear lab but only
after a hob change or after a changeover
from one gear part number to another.
I mention the changeover because we
invested in quick change over fixtures
that allowed us to run more than one
gear in a work cell. We had no dedicated
work cells for any one gear. Since larger
gears require heavier gear cutting equip-
ment while smaller gears require less
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robust equipment, we
grouped gears into size categories and
routed them to the correct size equip-
ment. This is batch running of gears,
but heat treat operations forced batch
processing of gears in furnaces anyway.
When I left the company, we were work-
ing with a company out of Indianapolis
on contour hardening of gear teeth uti-
lizing induction hardening. If that pro-
cess could have been developed, we
could have had a true one-piece flow
from forging to finished gear process
ready for a gearbox assembly.

The most important success fac-
tor to our gear cutting was our reliance
on machine capability and our TPM
system. With capable equipment and
scheduled tool change frequencies, the
operator always produces a quality part.

For a work cell to be most efficient,
the operator must be able to walk the
entire cell continuously only stopping
to load and unload each machine as he
travels around the cell. Never should
he be waiting for a machine to finish its
cycle. In gear cutting, sometimes a gear
has clutch teeth cut on a shaper machine
such as a Fellows shaper in addition
to the gear cutting operation. Shaping
clutch gear teeth is a slower operation,

[www.geartechnology.com]



so you may have to add an additional
shaper into the cell and alternately load
each shaper machine each time the oper-
ator cycles through the cell.

One of our typical gear cutting cells
consisted of the following pieces of
equipment: a lathe to turn the rough
forging into a gear blank; a gear hob-
bing machine; a gear teeth chamfering
machine; a clutch gear shaper; an oil hole
drilling or slot cutting machine; and a
washer for cleaning. At the time, we still
used coolant on drills and clutch cutting
machines because dry cutting had not
been perfected at that time. That required
the use of a washer in the work cell.

What was unique about our company
was that being a joint venture between
Chrysler and G.M. we produced the
exact same products for both compa-
nies. The only difference between the
transmissions we provided for each was
the bell housing that mounted the trans-
mission to the engine. I left the company
two years before the joint venture was
dissolved in 2002. I was the first employ-
ee hired by the Muncie division after the
joint venture agreement was signed in
1990. If you have not adopted the above

processes, there is much to be gained by
doing so.

Gary Williams

Gdw1007 @yahoo.com

Dr. Irani,

Congratulations. All those times we had
our heated discussions of lean in job
shops, and you have now done exactly
what we did between 2006-2008 when
I worked for the gearbox manufactur-
er. Your process is almost verbatim on
the “what and how” we rationalized and
worked through. Reading your article
was like walking through that time peri-
od all over again! Our next step was to
look at software (like Prasad’s system),
once our schedulers understood what
they were doing well enough to have

software do it for them.
Michael Thelen
C.I. Training Manager
mdthelen@bluebunny.com

Feedback: My Gear is Bigger
than Your Gear (Gear Technology
March/April 2013 and reprinted in Gear
Technology India Q2 2013)

The article “My Gear is Bigger than
Your Gear,” made interesting reading.
It is still debatable as to what criteria
qualifies a gear to be BIG. Does it qual-
ify on the basis of diameter, weight or
power transmission capability? A very
important parameter totally missing in
your article is the qualification based
on module of the gear. Having spent 25
years in the gear line, I feel that the larg-
est module manufactured in the world
should also be a serious contender for
the achievement. The module of a gear
has a direct relation to diameter and
power transmitted. Also, it does not dif-
ferentiate between a rotating gear and a
rack, thereby putting to rest the contro-
versy whether a rack should be consid-
ered for such a comparison or not. On
checking the Internet, I found the largest
module manufactured to be 50, made by
David Brown.

P.D. Patiar
Bangalore

EXCEL GEAR, INC.

The EXCEL promise;
We'll excel where others fall short.

e Complete gear design, manufacturing and

GEARS1" 60" - AGMA 15

reverse engineering services

e Gear hobbing & grinding from 1"-60"
(To AGMA 15)

e Internal gear grinding from 10"-60"

e Gear shaping to 36" diameter
(9" face width)

e Wind turbine gear boxes, high speed
spindles, gimbal heads and gear boxes

e Competitive prices and quality gear
design and manufacturing with delivery
commitments you can count on!

B A TOTAL SERVICE COMPANY
ISO9001-2008 APPROVED
Introducing Excel-Lent Gear Design Software

providing accurate gear design and analysis that can get anyone
up and running fast—www.excel-lentsoftware.com

815-623- 3414

quotations@ExcelGear.com

www.ExcelGear.com
[~ ]
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How Gear Standards are Written

T.J. “Buzz” Maiuri, Sr. Product/Project Manager, The Gleason Works

Several years ago my friend, colleague
and past Technical Division Executive
Committee (TDEC) Chairman Doctor
Phil Terry (retired chief metallurgist,
Lufkin Industries and now owner of P.
Terry and Associates) wrote a very good
article titled “Raising the Standards”
about the AGMA Technical Division
and the AGMA TDEC. Doctor Phil’s
words are still applicable today, and I'd
like to revisit some parts of the article
with a few updates, as well as explain the
AGMA Standard and Information Sheet
writing process.

The AGMA mission statement is “To
help members compete more effec-
tively in today’s global marketplace” A
large part of that mission has to do with
the standards and information sheets
created by the 26 committees in the
Technical Division.

The Technical Division of AGMA is
overseen by the TDEC. The TDEC has
the responsibility to supervise the devel-
opment and maintenance of AGMA
Standards and other technical publica-
tions, as well as supervising the division’s
activities and coordinating them with
the Administrative Division. The TDEC
also organizes and conducts the annual
Fall Technical Meeting.

The TDEC consists of a chairman
(myself - T.J. “Buzz” Maiuri of The
Gleason Works) and 7 voting members:
John B. Amendola, Sr. of Artec Machine
Systems; Terry Klaves of Milwaukee
Gear Company; Bob Wasilewski of
Arrow Gear Company; Dan Phebus of
Fairfield Manufacturing Company; Todd
Schatzka of Rexnord Corporation; Todd
Praneis of Cotta Transmission Company
and Bill Hankes of A-C Equipment
Services. We meet face to face two to
three times a year, once online via Web-
Ex. As necessary, we use conference calls
and e-mails throughout the year to take
care of any business that needs to be
addressed between meetings.

All TDEC meetings are attended by
AGMA headquarters personnel Charlie
Fischer - VP Technical Division and
Amir Aboutaleb - staff engineer. Joe
Franklin Jr. - president of AGMA also
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attends the meetings, as does the AGMA
chairman of the board. The new chair-
man is Lou Ertel of Overton Chicago
Gear Corporation, and the chairman
emeritus is Matt Mondek of Reliance
Gear Corporation.

Each member of the TDEC is also the
liaison to several of the technical com-
mittees. As the liaison, he helps the com-
mittee chairman evaluate new projects
and prepare proposals to the TDEC for
the committees, as well as submit prog-
ress reports, completed work and com-
mittee problems to the TDEC.

The technical committees are respon-
sible for the timely development, main-
tenance and theoretical accuracy of the
technical publications of AGMA. Each
committee has a chairman and vice
chairman.

Several of the technical committees
also serve as the United States Technical
Advisory Group to programs within ISO
TC 60 and ISO TC 14 (International
Organization for Standardization -
Technical Committee). The scope for
ISO TC 60 is the standardization in
the field of gears, including terminol-
ogy, nominal dimensions, tolerances and
tools for manufacturing and control. The
scope for ISO TC 14 is the standardiza-
tion in the field of shafts for machines,
their keys and keyways, splines and ser-
rations and their accessories such as cou-
plings, flanges, etc.

AGMA is the secretary of ISO TC 60
and procedurally oversees all the stan-
dards programs that are undertaken.

All AGMA standards have the status
of being American national standards
as defined by the American National
Standards Institute (ANSI). To maintain
this status, AGMA’s Technical Division
operations are audited by ANSI every
five years to ensure compliance with
our own policy and practices, and with
ANSTI’s requirements. The next audit will
be in 2014.

There are currently 53 AGMA stan-
dards and 30 information sheets.

Information sheets are similar to stan-
dards, but are different in a few major
ways. ANSI/AGMA standards com-

prise proven, reliable information.
Information sheets, however, often con-
tain material that is still being tested and
proven. Information sheets are also a
forum for setting new material before
the industry so that they can be used and
refined. ANSI/AGMA standards require
balloting before the entire membership
of AGMA, as well as any other interested
parties. An information sheet requires
only approval of the technical commit-
tee that prepared it, and permission to
publish from the TDEC. One advantage
to preparing an information sheet is that
it can be published more quickly, since
it does not go through the general bal-
lot process. However, information sheets
are not standards and do not carry the
authority of consensus standards.

New standards and information
sheet projects can originate from with-
in an AGMA technical committee, the
AGMA Business Management Executive
Committee (BMEC), from AGMA
membership, or from sources outside of
AGMA.

The whole process from the proposal
of a new standard or information sheet
to its publication will take some time,
and there are a number steps along the
way. AGMA headquarters with the guid-
ance of the TDEC has prepared a docu-
ment titled “Operating Instructions for
AGMA Committee Chairmen and Vice
Chairman,” which outlines the proce-
dures for writing standards and infor-
mation sheets. As an example, the docu-
ment contains an extensive flow chart as
well as a checklist with 30 task items for
standards development. In addition, the
manual contains other useful informa-
tion in the “Policy and Practice Guide”
portion of the document. (Note that
the TDEC is in the process of reviewing
the document for necessary updates to
reflect current procedures.)

In brief, the process for a proposed
standard will go something like this:

If the proposed standard originates
from within a Technical Committee, the
proposal will contain a written scope
and justification for the standard. It
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will then be directed to the appropriate
Committee Liaison on the TDEC.

The TDEC will then review and discuss
the proposal, and if approved, the appro-
priate technical committee will be select-
ed to work on the standard. Through fill-
ing of required forms with ANSI, interest-
ed parties outside of the AGMA member-
ship body will be notified and invited to
comment on the new project.

The technical committee will then
create a working draft of the standard.
The draft will be reviewed for style, for-
mat and metrification by the AGMA
Technical Division before distribut-
ing it to the members of the commit-
tee for review and comments. The com-
mittee responsible for the development
of the draft will then meet to review
and resolve the comments submitted.
Following this step, a new draft of the
document will be prepared and a request
will be made to the TDEC for permis-
sion to send the standard out for general
ballot. If granted, the standard goes out
for general ballot and the ballot com-
ments are resolved by the technical com-
mittee. The general ballot list includes
interested AGMA member companies,
academic and honorary members as well
as interested non-AGMA members sub-
ject to TDEC approval.

Another revision (if necessary from
the ballot comments) is prepared and
the technical committee will then rec-
ommend, through the TDEC liaison, the
approval of the standard for publication.

If the TDEC approves the standard
for publication, required forms will be
submitted to ANSI to register the new
document as an American National
Standard and a recommendation will
then be made to the Board of Directors
to approve publication of the document.

AGMA Standards are reviewed every
five years for reaffirmation, revision or
withdrawal. AGMA also has a defined
procedure involving headquarters,
TDEC, and the technical committees for
handling requests for interpretation of
standards.

Individuals serving on the tech-
nical committees and the TDEC
are volunteers from member compa-

nies. Involvement in AGMA is a win/
win situation for everyone — the indi-
viduals serving, as well as the compa-
nies they are representing, and AGMA.
There is no better way to learn about
the standards, about the art of gearing
and the gearing industry than partici-
pating on an AGMA technical commit-
tee. You don’t have to be an expert to get
involved, but I know for a fact that if you
do participate on an AGMA committee,
you will be working alongside some of

[ |
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We are always looking for new peo-
ple to participate. If you are interest-
ed, we encourage you to contact
Amir Aboutaleb at
Aboutaleb@agma.org.
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New Standard for Large Ring
Gears for Mills, Kilns

Tom Shumka, Global Inspections-NDT, Inc.

Methods of examining large ring gear
teeth to detect surface breaking discon-
tinuities have often been time-consum-
ing and limited in terms of data col-
lected. Methods such as visual and mag-
netic particle inspection can miss critical
discontinuities. However, a new ASTM
international standard provides a more
effective method for gear examination
using eddy current array, a technology
that has been widely used but, until now,
not standardized.

Eddy current inspection is based on
Faraday’s electromagnetic induction
law. Eddy currents are created through
a process called electromagnetic induc-
tion. The eddy current array (ECA) was
developed just before the 20th century,
and the technology provides the abil-
ity to drive electronically multiple eddy
current coils placed side by side in the
same probe assembly. General Electric
was the first to use ECA on gearing in
the late 1980s. ECA has been used for
years in the aircraft and nuclear sectors
plus numerous other applications that
require fast and accurate surface inspec-
tions. This practice will help to standard-
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ize the use of this non-destructive testing
approach for large ring gear inspections.
To understand operational and pro-
duction behavior of operational machin-
ery, a robust data collection and exam-
ination process must be established.
ASTM International Standard E2905 was
written for ring gear examinations. This
method detects 100 percent of all gear
tooth surface discontinuities, larger than
0.015 of an inch. There are two elec-
tromagnetic methods that are the basis
of this standard: Eddy Current Array
(ECA) and Alternating Current Field
Measurement (ACFM) ASTM E2261.
Eddy current inspection addresses
the need to detect surface breaking dis-
continuities electronically, and to have
the ability to accurately size any sur-
face-breaking cracks found on cast and
forged gear and pinion teeth faster and
more effectively than other methods. It
will scan the addendum, dedendum and
root of a gear tooth in 15 seconds. The
whole depth of a tooth including the
root can be scanned in one pass. This
method will benefit both the manufac-
turer and the aftermarket service sectors.

Prior to the new standard, there were
three types of inspections for gearing,
besides visual:

1. Magnetic Particle (MT) - ASTM E709.
Electromagnetic: Slow process, can
miss indications and gear teeth have to
be wiped clean to remove any residue.

2. Dye Penetrant (LT) - ASTM E1417:
Same issues as Magnetic Particle. At
best, these two methods can deter-
mine whether a flaw exists, but are
unable to provide information on
defect severity such as sizing — length
and depth.

3. Ultrasonics ASTM A609: Requires
couplant — faster than the above two
methods, has a “blind” spot for sur-
face, but can see depth.

Enter Eddy Current Inspection

The benefits of eddy current inspection
for gear manufacturers include that it is
much faster than magnetic particle and
dye penetrant as a final inspection. Each
tooth flank and root can be scanned in
15 seconds. It allows manufacturing to
provide the client with an electronic map
of addendum, dedendum and root area
of each gear tooth when it leaves the
plant.

Benefits for Aftermarket Services
E2905 is an excellent NDT electromag-
netic method for the aftermarket service
sector.

Cleaning has never been easier. 36’
diameter ring gears can be cleaned in
less than an hour. There is no need to
wipe the gear teeth down after the clean-
ing, saving numerous person hours.

The method is cleaner, faster, docu-
mentable, and covers a larger area in less
inspection time. Also it greatly improves
probability of detection compared with
other non-destructive testing methods
used today for gearing applications.

Once the ring gear is inspected and
leaves the factory, follow up inspections
will deliver consistency, efficiency and
standardization, a service valued by cus-
tomers worldwide.

[www.geartechnology.com]



For Related Articles Search

o Itis conceivable to inspect four mills
at www.geartechnology.com

The Ease of Ring Gear Cleaning (2x34') and (2x24') in two days.

Over the years, ring gear cleaning using ~ * This process provides comprehensive « This method provides real-time map-

high viscosity, asphaltic-based lubri- and accurate inspection data. This is ping of the inspected region, facili-

cants has become something to be avoid- very important in determining the tating data interpretation, improving

ed at all costs. There is now a ring gear integrity of the gear set. reliability and probability of detection
leani dure that not only sim- . .It reduces t.he reh.ance on human . (POD).

¢ ?anmg proce .u Y interpretation using other inspection o All of this helps in minimizing cata-

plifies the cleaning process, but reduces methods. strophic failures, resulting in reduced

numerous hours of labor. The excep- . Insurance companies have all maintenance costs and increased

tion to this is if the lubrication is an oil acknowledged the benefits of this uptime. (3

bath system. In this case, no cleaning method.

is required. The actual time of cleaning
a ring gear is under an hour. There is
no need to wipe the gear teeth down by
hand after inspection to remove residue WHEN YOU NEED
as in magnetic particle or dye penetrant T HERFIFRSTERI
inspections. The ability to fully visualize
the gear teeth is critical for a true gear The

inspection or audit.

-Broach
An excellent example of the benefits of
this method is shown below. The client
requested an inspection on a 34" diam-
eter ring gear. Once again, the gear teeth
are visually inspected as the teeth are

scanned. On tooth 244A, (Figure 13) & Unl\lersal Geal‘

ECA detected two cracks that could not o The quality and precision of our
be visualized. e, Broaches, Shaper Cutters and Gears

The next step was to size the cracks. have won customers world-wide -
from the smallest gear shop to

Utilizing alternating field current mea- 1 NASA and the Mars Rover.
surement (ACFM), both cracks were
sized. The larger crack was sized at 3.63"
Lx.68" deep. The sizing took less than
three minutes. To further validate the
characteristics of the crack, MT was used
to visualize the crack and to document
it. Moving forward, these cracks can be
monitored through the inspection hole,

I'T
IME

~
.

on the gear guard, in less than fifteen J b K !
minutes. Typically this mill would go ADAALARA R B | ® Broach & Shaper Cutter
down for scheduled maintenance four | : manufacturing & repair
times a year, thus providing a comfort >3 | @ Gear & Spline— ]
level to the client that any propagation of T l : prototype to production g
the cracks can be monitored. . L iy ) ® Master Gears & Gages
. ® Small & fine pitch

Conclusions ‘ - Precision. Performance. Perfection.
« The inspection can take place along- ) The First time and every time.

side other maintenance personnel.
« E2905 will allow SAG and ball mill L m

maintenance planners to reduce the B The Broach Masters, Inc.

time it takes to perform gear inspec- | = L R =—

tions. | -
« Planners that used to allow 36 hours —‘ ' ! Eﬁﬁﬁr'n”"éj‘;?ég’; 3

to perform maintenance and inspect —_—<,., A Fh°n953%5)3gg582\:’517939

the gear set, now allow 18 to 24 hours | a-d';;‘;, )1 ’ o o B

Email: info@broachmasters.com

for this job.

September 2013 | GEARTECHNOLOGY 15


http://www.geartechnology.com/ctr.php?source=EGT0913&dest=www.broachmasters.com

Hainbuch

INTRODUCES JAW MODULE
GENERATIONTECHNOLOGY

Hainbuch presents a jaw module that is
small and flexible, that can be quickly
changed, and that covers a large clamp-
ing range. The result is a quick-change
clamping solution for all situations.
Mandrels and clamping heads can also
be used in the basic unit. The new jaw
module completes the circle and gives a
new clamping dimension that opens up
even more possibilities for users. All this
with less weight and a smaller interfer-
ence contour. In short: ID clamping, OD
clamping and jaw clamping all-in-one.
The Hainbuch solution, consisting of
a chuck and a jaw module, has nothing
in common with the large, heavy, ener-
gy sapping big jaws that can be found
in many machine shops,where their size
is more of an obstacle than an advan-
tage. These heavy chucks put load on the
machine spindle and are slow to accel-
erate and decelerate, losing time and
using energy. This takes longer for the
part to be produced and hence makes
it more expensive and also wears the
machine bearings out more quickly. This
is squandering of energy and piece rate
time in its purest form. Naturally these
are costs that today no one can afford
or want to pay. Let’s assume that some-
one purchases a lathe/milling machine
with spindle taper DIN A2-6 65 mm
bar capacity, here the workpiece range

is usually diameter of 10 to 200 mm. To
cover that range, a machine with a 215
jaw chuck is purchased. However 80 per-
cent of the components are in a clamp-
ing range of 100 mm and smaller. And
here the dilemma arises that in prac-
tice you have to cope with daily: Large
clamping device, small workpiece. It is
difficult to get all of the tools in place,
often the tools will not reach center line
and often special tools are required with
longer reach, increasing vibration and
losing accuracy. Also there is a high risk
of collision.

Hainbuch modular solutions use a
simple formula: Small workpiece = small
clamping solution. Using the new small
jaw module, about 80 percent of usual

16 GEARTECHNOLOGY | September 2013

components are covered, and for larg-
er components it can be easily changed
over to a large jaw module within 30
seconds. The basic unit is a Spanntop
chuck or Toplus chuck, now accepted
as an excellent workholding device in
its own right. Add to this the jaw mod-
ule, clamping heads and mandrels; you
achieve reliability, accuracy, and safety
that traditional jaw chucks lack, especial-
ly for ID clamping. Advantages include a
simple modular system for fast clamping
to a clamping range of 200 mm; avail-
ability in two sizes (144, with clamping
range from 25-115mm and 215, with
clamping range from 25-200 mm); mini-
mal interference contour; proven tech-
nology; optimal utilization of the jaws;
flexible, fast and repeatable set-up on
clamping head or mandrel clamping;
rigid workpiece clamping through the
use of clamping head or mandrel; full
bar size passage when using the clamp-
ing head; suitability for sensitive clamp-
ing and delicate components; option to
be used as a pick-up chuck on sub spin-
dles; ease of maintenance; resistance to
contamination thanks to guideway seal
and suitability for stationary use.

For more information:

Hainbuch America Corp.

Phone: (414) 358-9550
www.hainbuch.com
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Mahr Federal offers an extremely broad line of MarCal calipers for a
wide range of outside, inside, depth, step, and compound measure-
ments. The MarCal line includes standard, special, and universal digi-
tal, dial, and mechanical calipers, as well as workshop calipers, depth
calipers, and a line of linear machine scales with digital display.

The award-winning MarCal digital caliper line offers a number of
advanced features, such as lapped guideways, a reference system that
retains the zero position setting, and an increased number of product
options and accessories. MarCal digital calipers offer a number of data
output options, including wireless, and are available with protection

against dust and immersion to class IP67.
Advanced electronics provide increased
battery life, and the line is available in a
wide range of sizes, and blade and anvil
configurations.

In addition to calipers with stan-
dard jaw designs, the MarCal line
also includes a number of special-
ly designed contact tips for measuring
special part characteristics, and even
jaws with replaceable and configu-
rable contact points. Examples include
cylindrically shaped jaws for explor-
ing the wall thickness on cylindrical
parts; narrow tipped jaws for measur-
ing small grooves; jaw anvils config-
ured to access recessed grooves, both
ID and OD; tapered jaw tips designed to
measure center-to-center distances on
holes; adjustable height jaws to facilitate
stepped measurements; knife-edge jaws
with extra reach; and many more.

For users who require a high degree of
versatility in their calipers, Mahr Federal
offers a Universal Digital Caliper design.
The MarCal 16 EWV can be used as a
standard caliper, but includes a number
of special blade tips, anvils and acces-
sories that snap on for measuring a
variety of groove and recess configura-
tions. Other standard accessories include
a depth measuring bridge, an ID set-
ting gage, a device to determine measur-
ing force, and attachments for measur-
ing threads, balls, serrations and simi-
lar geometries. The MarCal Universal
Digital Caliper includes all the standard
features of the MarCal Digital Caliper
line, and comes complete in a special
carrying case designed to accommodate
all the accessories.

For more information:
Mahr Federal Inc.
Phone: (401) 784-3100

information@mahr.com
www.mahr.com
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and heat to improve surface
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With our State-of-the-art NGD
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User Friendly
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Main Office Ph: +81-3-3726-4188
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EMAG

OFFERS HEAT SHRINK ASSEMBLY PROCESS

The composite camshaft is still gaining
ground in the marketplace. The main
reason for this is the considerable weight
reduction it brings, compared to its one-
piece rival. The composite version is by
now also widely used in the HGV sec-
tor. However, the main disadvantage of
many current assembly processes is the
high joining force applied, which creates
unacceptable tolerances in positioning
and alignment of the cams. By contrast,
the patented heat shrink assembly process
from EMAG offers a decisive advantage,
as it ensures that “ready-to-fit” camshafts,
gear shafts and other precision composite
units can be produced without problems.

The advantages of the composite cam-
shaft are well known: less expense, less
weight, the possibility to use different
materials for the various constituent
components, greater flexibility in pro-
duction and the ability to implement
new cam geometries, such as negative
radii, with ease. The necessary reduc-
tion in fuel consumption - and with it
those of CO, emissions - are easier to
achieve with an increasing use of com-
posite camshafts.

Alternative processes for the joining
of cam and shaft have one serious dis-
advantage: the two components cannot
be joined with the necessary accuracy to
avoid a subsequent finish grinding pro-
cess. In many cases, the joining of cam

to tube is carried out using a form-fit
process like press-fitting, knurling and/
or spline/serrated gearing. The joining
forces required for these processes can
deform the components and result in
unacceptable tolerances in cam position
and orientation.

Heat Shrink Assembly Means
Precision Joining

Thermal joining, i.e. the heat shrink-
ing of cam onto tube, ensures that the
required tolerances are achieved with a
reaction force-free process. The know-
how to tightly control the process
parameters of “temperature” and “time”
— and the mechanical design of the
joining equipment — are of the utmost
importance in this process.

An optimal combination of robot
and special-concept gripping technol-
ogy allows for fusion gaps of < 15 um
to be achieved safely. The concept’s
great flexibility allows camshaft design-
ers more freedom in their designs and
ensures that the process can also be used
for medium batch sizes, where frequent
component type changes are the order
of the day. The high degree of preci-
sion of the composite camshaft drasti-
cally reduces the need to subsequent-
ly grind the cams or — where preci-
sion cams are used — does away with
the requirement completely. A further
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advantage of this process lies in the pos-
sibility of using different materials for
the composite shaft. This includes forged
cams, for instance in 100Cr6, or finish-
ground cams, even dimensionally accu-
rate sintered cams that do not require a
downstream finish-grinding operation.
Secondary components, such as bungs
and endpieces, can — just like the actual
shaft itself — be made of more advanta-
geous materials. All this allows the cam-
shaft to be made to suit the requirements
of the engine and to optimize it in terms

of load bearing capacity and manufac-
turing costs.

And Now One Step Further

Where the camshaft needs to be
ground after heat shrink assembly,
the joining machine can be linked up
to a grinder. This is particularly easy
when using an EMAG grinding center
of the VTC DS Series. With this setup,
the joining machine robot transfers the
assembled camshaft directly to the load-
ing position on the grinding center. The
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advantages of this process from EMAG
also apply to the machining of other
components. When machining gear
shafts, ground gears can be joined tightly
on the shaft, without needing to account
for the grinding wheel overrun at the
design stage. It also minimizes the length
of the shaft and makes the whole unit
more compact.

Maximum Flexibility

The EMAG process is characterized by
only a very few machining components
being in direct contact with the work-
piece. It allows for the machines to be
reset in the shortest possible time (typi-
cally less than 15 minutes).

Quality Achievements

The heat shrink assembly process
offered by EMAG combines flexibili-
ty with productivity, while freedom of
design and choice of production tech-
nologies ensure a short cycle time. While
one cam is heat shrinking, the next one
is already being preheated. Equipping
the heat shrinking machine with a num-
ber of preheating units allows for the
optimal application of this technology
to the task at hand. It is these advan-
tages that may well be the reason why so
many firmly established manufacturers
of camshafts and other precision assem-
blies are showing such a great interest in
the new process, are asking for machin-
ing tests, or are already applying the pro-
cess under actual production conditions.
In the ideal case, the customer will take
advantage of the synergy provided by
the EMAG Group and ask for a com-
plete concept to be prepared that covers
everything from pre-machining to heat
shrinking and end machining.
For more information:
EMAG LLC

Phone: (248) 477-7440
www.emag.com
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The new SV-20 honing system is the first
competitively priced large-part machine
for job-shop part production with a true
linear, vertical, servo-stroking system to
produce precision bore geometries on
compressors, oilfield components, auto-
motive/truck blocks and similar parts.
Suitable for job shops and repair facili-
ties, the SV-20 is equipped with a vari-
able-speed 15-550 rpm, 4.1-kW (5.5
hp) spindle motor, powerful enough to
drive two-stage, metal-bond, diamond
abrasives for short cycle times with high
accuracy and minimal labor. The SV-20’s
linear stroking system keeps the honing
tool concentric with the bore throughout
the full stroke length to produce a con-
sistent diameter from top to bottom of
the bore. The machine’s work envelope
of 915mm x 1015 mm (36" x40"), front-
loading design, and weight capacity up to
680kg (1,500 1b) combine for versatility
in processing a wide range of large parts.
The SV-20 can be used to hone bores
with inside diameters from 19-200 mm
(0.75-8.00"). The PLC-controlled SV-20
utilizes a color touch screen, with a toggle
switch to jog for fast setup. The swivel-
ing operator panel can be adjusted for
viewing from a variety of positions. A
hand wheel on the machine allows left/
right positioning of the column on its
760-mm (30") X-axis. The machine
comes standard with a 208-litre (55-gal-

be used with two-stage hone heads to
complete roughing and finishing without
stone changes for faster processing times.
The machine is compatible with all of
Sunnens past and current tooling for CK/
CV/SV-series machines, including dia-
mond abrasive hone heads and brushes,
GHSS single-stage hone heads with CBN
or diamond abrasives and brushes, and
GHTS hone heads for two-stage hon-

?

ing with CBN or diamond abrasives. The
SV-20 is available with a 400V/50Hz/3Ph
or 460V/60Hz/3Ph electrical system. The
machine will be featured during Westec,
October 15-17 in Los Angeles at Sunnen’s
booth (#2136).

For more information:

Sunnen Products

Phone: (314) 781-2100
www.sunnen.com
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Reduce costs and improve quality.

Residual stress plays such a critical role in the fatigue life, cracking
and distortion of components, that its characterization is
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with two standard canister filters. The times, X-ray Diffraction (XRD) residual stress ‘p"p |
SV-20’s rotary servo tool feed system can i §K

measurement can both improve quality and N X

help lower component cost by reducing scrap PROT O =

rates, shortening design cycles and ensuring
full component life. Maputac™

Our comprehensive line of XRD residual stress measurement systems
and full service laboratories have the accuracy, speed, technology and
knowledge to keep your product perfect right from the start.
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Dillon Manufacturing

EXPANDS GRIP JAWS

Dillon Manufacturing, Inc. has expand-
ed their line of full grip jaws to 24 inch-
es in diameter. These cast aluminum
(356-T6) wraparound type top jaws can
provide minimum jaw force for thin-
walled parts and distribute the gripping
pressure over more of the workpiece’s
surface —helping to maintain repetitive
accuracy. This type of jaw reduces dis-

tortion and provides more friction for
drive during turning operations. With
close tolerances and concentricity easily
maintained, they are suitable for applica-
tions such as valves, cylinders, specialty
wheels and gears, housings and enclo-
sures, adaptors and connectors, alumi-
num and steel shells, flanges, retainer
rings, and other thin-walled parts such

INDIANA CONVENTION CENTER
SEPTEMBER 17-19, 2013

VISIT; US AT BOOTH #1240

INVCILUTE

Gear & Machine Company
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sales@involutegearmachine.com

. product news J/BEEEEEEEEEEE—

as automotive smog control air pump
rotors, gas turbine parts, thin-wall tub-
ing and cylinder liners for diesel engines
and more. Dillon full grip top jaws are
available from stock to fit chuck sizes
ranging from 6 to 24 inch diameter, in
both standard height and extra high
jaws. They can be adapted to mount
both manual and power chucks. Lighter
weight Dillon full grip top jaws reduce
mechanical stress, for improved machine
and tool life.

For more information:

Dillon Manufacturing, Inc.

Phone: (800) 428-1133
www.dillonmfg.com

ITAMCO

RELEASES GLASSWARE
APPLICATION

Indiana Technology and Manufacturing
Companies (ITAMCO) has released
MTConnect + Google Glass, a free
Glassware application that moni-
tors machine tools using Google Glass.
MTConnect lowers the barriers to manu-
facturing intelligence, even to as complex
a supply-side manufacturing chain as a
fortune 500 company. Google Glass—a
heads-up display, camera, touchpad,
microphone, email and internet connec-
tion built into a spectacle frame—cou-
pled with MTConnect functionality, will
provide a view into the manufacturing
process that until now has been unat-
tainable. The Google Glass user will be
liberated from laptops and hand-held
smart devices and be able to travel the
entire shop floor, gathering and sharing
machine data provided by MTConnect,
and accessing the internet for more
information as he goes. The opportu-
nities inspiring the merger between
MTConnect and Google Glass are two-
fold. The first opportunity is in the
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exploitation of augmented reality (AR).
AR generates a composite view for the
user that is the combination of the real
scene, as viewed by the user, and a virtual
scene generated by the computer with
additional information such as sound,
video, graphics, GPS data, or, in this case,
manufacturing data via MTConnect.
Google Glass becomes a natural exten-
sion of MTConnect’s view into machines,
providing intuitive and user-friendly
access to manufacturing data.

The second opportunity lies in the
commonalities between MTConnect
and Google Glass: the implementation
of both is easily achievable, and they
are extensible and scalable. Both could
be implemented on a small scale and
grow with the needs and knowledge
base of the facility. Every department in
a manufacturing facility benefits from
MTConnect + Google Glass, from the
shop floor to the management suite. A
new machine opera-
tor watches YouTube
training videos while
at the machine, supple-
menting his training
program. Getting and
sharing information
on the machine and
its processes would be
as intuitive and non-
threatening as using
his smartphone or
playing a video game. An experienced
machine operator sends an email to the
maintenance staff as soon as he sees
a problem. The CEO travels the shop
floor, getting accurate real-time machine
data and comparing it to the compa-
ny’s accounting, quality control, sales
and engineering data. Project managers
evaluate workflow and machine read-
iness before scheduling future work.
They also access 100 percent accurate
data and share information with their
customers to ensure smooth delivery
between vendors. The maintenance staff
becomes even more astute at monitor-
ing machines and they respond quicker
to problems, while developing stron-
ger preventative maintenance programs.
With Google Glass, they can “see”
instruction manuals overlaid on the
equipment when installing or repairing
machinery. The sales staft provides guid-
ed Google Glass tours, impressing pros-

pects with the capabilities of the facil-
ity and helping them visualize the final
product.

Data Streams from MTConnect
Agents Directly to Google Glass
Google Glass recognizes the machine
tool, grabs appropriate information from
MTConnect and parses the MTConnect
stream to display it in a user-friendly
way for the Google Glass wearer. The
user will be able to view the follow-
ing information from the MTConnect-
compatible equipment: power status,
emergency stop, alarm/messages, block,
controller mode, line, program, execu-
tion, path feed-rate, spindle, axis posi-
tions, spindle overrides, feed-rate over-
rides, machine location, part location,
and current part status. Also, if there is
a camera inside the machine, Google
Glass will stream the video to the user
and overlay the machine data so the user

can compare, analyze and make quick
decisions. The user could record and
share this data seamlessly with all appro-
priate parties.

MTConnect + Google Glass will pro-
vide a holistic experience of the factory
floor that integrates user and machine
in a uniquely personal way. The benefits
of MTConnect are enhanced due to the
faster and more comprehensive deliv-
ery method. Google Glass also extends
easy-to-understand information to all
employees, including administrative and
marketing staff who aren’t familiar with
the shop floor.

For more information:
ITAMCO

Phone: (574) 936-2112
www.itamco.com
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Siemens Has Georgia’s
Schools on Its Mind

Jack McGuinn, Senior Editor

Stephan Richter, publisher of The
Globalist, an online magazine, in a recent
New York Times op-ed piece (Sept. 16),
serves up Detroit as a national meta-
phor for what has happened to U.S.
manufacturing — and why. Referring
to the heady, post-war years of the late
1940s, early 1950s, Richter comments
on the country’s hard-won — but fleet-
ing — role as the world’s No. 1 economic
engine.

“But that (manufacturing) dominance
was, to a considerable degree, a momen-
tary quirk of history: the absence, in the
wake of World War II, of any real com-
petition from other nations. Once for-
eign competition was re-established,
in Europe and Asia, only the superior
skills of a nation’s workers and a focus on
long-term workers’ training would allow
a country to stay ahead”

He finishes his column with:

“Developing the necessary skills base
is not a short-term project. It requires
decades of concerted effort on many
fronts, by many national, regional and
local actors, including collaboration
among companies, government, trade
associations, schools, colleges and uni-
versities. Globalization, in many ways,
serves as an early warning system for
the changes required in a domestic soci-
ety. No society should have been bet-
ter prepared to utilize this tool than the
United States, given its traditional — but
at least for now largely lost — proclivity
to embrace change. That it didn't work
out that way is a tragedy of the nation’s
own making”

The good news is that state legislatures
around the country are getting wise to
the fact that the country’s future — its
youngsters — is in jeopardy. For any
number of reasons — societal, financial
or political — too many of our kids are
not learning what they need to know
to be viably employable for the type of
work that now defines the 21st century
workplace. STEM (science, technology,
engineering, and mathematics) is the
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new “Three Rs,” and if that strikes dread
in the hearts of former English majors,
welcome to the Brave New World.

And to help get the job done, the
state — behind an initiative of the non-
profit Georgia Foundation for Public
Education (GFPE), and supported by
the Georgia Department of Education
(GaDoE) — has enlisted the willing par-
ticipation of Siemens USA in develop-
ing advanced educational courses for
the GFPE’s Career Pathways program,
charged with training Georgia stu-
dents using a curriculum based on the
employment needs of international com-
panies with facilities in the state.

“We are excited to assist the Georgia
educational community with the launch
of this educational program,” said
Helmuth Ludwig, Siemens Industry
Sector North America CEO at a press
conference announcing the partnership.
“This partnership is consistent with our
values - responsible, excellent and inno-
vative — and it will promote STEM ini-
tiatives throughout the Southeast region
of the United States. Through this pro-
gram, companies like Siemens will be
able to identify and develop the next
generation of outstanding employees”

GFPE worked with Siemens to devel-
op teaching curriculum for GaDoE’s
Manufacturing Pathway, based on train-
ing materials, manuals and other edu-
cational tools used at the company’s
Drive Technologies manufacturing plant
in Alpharetta, Georgia. The associated
training materials provided by Siemens
are valued at more than $500,000.

The pilot program has been rolled out
in South Forsyth High School, where it
will be delivered by a teacher that was
trained at Siemens. Eventually, the pro-
gram will also include internships, work-
based learning projects and opportuni-
ties for overseas cultural experiences for
students in Germany.

Of course programs like this don’t
materialize overnight. It often takes time
for legislative bodies to get with the pro-
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gram — like watching an aircraft carrier
doing a 180° in harbor. But when a state’s
most important employers start chirp-
ing about not being able to fill high-tech
openings, attention is paid.

“(Georgia) House Bill 186 was passed
in the spring of 2011, enacting the
Career Pathways as part of the state’s
education policy. During the time the
Bill was being debated, a number of
CEO’s and other business leaders gave
feedback to the legislature that they had
job openings that were going unfilled
in Georgia due to a lack of skilled
workers,” says Denis Brosnan, princi-
pal consultant at Yellow Park Garden
and managing director of the Global
Workforce Initiative (GWI) for the
Georgia Department of Education. “In
the months that followed the enactment
of HB 186, these business leaders also
indicated to members of the legislature
and to State Superintendent Dr. John
Barge they were willing to assist in the
construction and rollout of the Pathways
by donating their time, talent and train-
ing materials. As a result, in 2012, the
legislature enacted the Global Workforce
Initiative (GWI) to facilitate cooperation
among the business and education com-
munities”

Brosnan was among the many CEO’s
and other business leaders who worked
with officials from the Department of
Education, the Technical College System
of Georgia, the University System of
Georgia, and other governmental agen-
cies to formulate the GWI concept.

Brosnan says “The Career Pathways
concept arose out of a nationwide col-
laboration with other State Departments
of Education. Additionally Dr. Barge and
his staff further tailored the program by
benchmarking innovative programs in
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other countries, most notably Germany,
France, Finland, and Korea.

“The program was enacted by the
Georgia General Assembly in 2011,
and the Global Workforce Initiative,
an outreach program of the Georgia
Foundation for Public Education, a
state-chartered not-for-profit corpora-
tion, was thereafter created by statute in
20127

According to Forsyth assistant director
for governance and career development
coordinator Valery Hall, “The local pilot
of the manufacturing curricula devel-
oped in cooperation with Siemens began
in August at South Forsyth High School.
Because the Siemens GWI partnership
is designed to afford students who com-
plete the program an opportunity to
become employed by Siemens following
graduation, it was important to select
a school district partner nearby to the
Siemens factory in Alpharetta.

“Additionally, Forsyth County Schools
has a long history of successful collabo-
rations with the local business commu-
nity in general and with Siemens in par-
ticular, and the district was very enthu-
siastic about participating in this pro-
gram”

And while the program does not offer
any hands-on manufacturing training
on CNCs, gear grinders and the like, it
will in fact offer a “manufacturing clus-
ter” that includes a mechatronics path
and the STEM cluster with “pathways”
in disciplines like engineering, drafting
and design.

As for admittance requirements, Hall
explains that “students have self-selected,
based on career interests, and are desig-
nating either engineering or integrated
manufacturing, specifically. Students can
begin the pathway either in 9th or 10th
grade to ensure they will have a work-
based learning opportunity by their
senior year”

Somewhat ironically, while the clam-
or for beefed up academics is growing
nationally, there is at the same time a

“Forsyth County Schools has a long history of successful
collaborations with the local business community in
general and with Siemens in particular, and
the district was very enthusiastic about
participating in this program.”

Valery Hall,

Forsyth assistant director for governance and
career development coordinator

|
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Mandrel type 213

This mandrel type is ideal for small clamping @ and extremely slender mandrel bodies.
In comparison with our MANDO T211 with draw bolt, the segmented clamping bushing
is not released via ejector pins in the mandrel body; rather it is coupled in on the upper
end of the draw bolt. Thanks to this trick, the mandrel body can be implemented with
even more rigidity. That's why this mandrel type is in such demand, particularly for gear
cutting applications where interrupted cuts are on the daily agenda. The vulcanized
segmented clamping bushings are supplied as a clamping unit mounted on the draw
bolt and thus can be conveniently changed. For greater clamping & you can also
change the segmented clamping bushings individually through the use of two-piece
draw bolts.

Visit booth #600 for more information.
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“The Career Pathways in general —and GWI partnership
programs in particular —enable participating students

to graduate with a certification in the skill area of

their choosing, thereby empowering these
students to be immediately employable upon
graduation from high school”

principal consultant at Yellow Park Garden and managing
director of the Global Workforce Initiative (GWI) for the
Georgia Department of Education

growing recognition that college is not
for every kid — that a potentially sat-
isfying career and quality of life awaits
bright kids with special skills to match
— with or without a degree.

To that point, Brosnan responds that
“The Career Pathways in general — and
GWI partnership programs in particu-
lar — enable participating students to
graduate with a certification in the skill
area of their choosing, thereby empow-
ering these students to be immediately
employable upon graduation from high
school. Of course, these students may
also then or thereafter continue their
schooling by seeking a degree at a tech-
nical college or university in that or any
other area”

All good so far — but what about
scholarships for these kids to help in
advancing their budding careers? Do
they exist? Whenever bright youngsters
are deprived of being all they can be,
money is not the root of all evil — not
having it is what hurts. Brosnan says they
are working on it.

“Our work to date in the area of schol-
arships has been focused on securing
funding to enable professional develop-
ment of teachers and overseas cultural
experiences for the students, teachers
and business leaders who participate in
the GWI. As additional GWI partner-
ships are brought online, we expect to tie
these to new or existing scholarship pro-
grams for students who wish to continue
their post-secondary education. Our dis-
cussions with potential GWI partners
have also contemplated employer-spon-
sored tuition reimbursement programs,
and we hope that these become standard
features of our GWI solutions prospec-
tively”

Denis Brosnan,

One critical positive is that the
Pathways programs will soon “gradu-
ate” from the Forsyth incubator and
spread throughout the Peach State. Hall
explains that “Securing the assistance
of Siemens in building out the manu-
facturing curricula is a huge benefit to
Georgia. The curricula will be available
through the Department of Education
for all of the school districts around the
state, and assistance will also be avail-
able to districts that want to participate
in this and other, similar GWI partner-
ships”

And the state is looking to add on.
The Siemens partnership is a keystone
of the program, but buy-ins from other
companies with high-tech manufactur-
ing credentials looking to give back to
the community will help ensure the pro-
gram’s success.

Brosnan: “Through the GFPE's GWI,
Georgia has taken the additional step of
providing a true public-private partner-
ship utility platform for interested busi-
nesses to participate in the construction
and roll-out of the Pathway courses. In
addition to the social benefits provid-
ed by these collaborations, these busi-
nesses will benefit by gaining access to
talent pools of skilled workers, which
will reduce their recruiting, training and
retention costs.

“As such, the GWI program is ulti-
mately about filling jobs and growing
our communities in Georgia.” (8}

For more information:

Denis Brosnan (denis.brosnan@gfpe.org)
Georgia Foundation for Public Education
(GFPE)

2066 Twin Towers East

205 Jesse Hill Jr. Drive, SE

Atlanta, GA 30334

Phone: (770) 353-5874 (Yellow Park Garden
offices)
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THE NEW EMAG VL-MACHINES

Maximum Performance Guaranteed

Machining of chuck parts = uniform machine concept

Small footprint (Chaku Chaku or close linear arrangement)
=reduced floor space costs

Possibility of simple interlinking via central feeding

and discharge belts as well as pick-and-place unit/
changer = flexible with regards to future developments,
lower automation costs, and shorter tooling times

Integrated automation = no additional costs

VERTICAL MACHINING:
SAFE AND EFFICIENT

Shorttransport distances = optimization of idle
times

Common parts strategy, uniform spare parts
warehousing = low maintenance costs

Ease of operation (extremely accessible machining
area) = quicker machine set-up, operator safety, and

close positioning possible
www.emag.com

High energy efficiency =reduction in energy costs info@emag.com
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Exhibitors Confidential

Gear Expo Product Preview 2013

Matthew Jaster, Senior Editor

Manufacturing ingenuity will
be on-hand in Indianapolis as
exhibitors focus on the latest
technologies that are changing
gear manufacturing. Every two
years the gear industry comes together
to network with peers, talk shop and
learn the latest advancements in gears
and gear-related products. Here’s a run-
down of some of the booths attendees
should stop by while roaming the Gear
Expo hall (Ed’s Note: For heat treating
exhibitors, see additional ASM Heat Treat
2013 coverage on page 70).

Gleason Corporation

Booth #4253
Gleason will introduce a host of
advanced new machines, tooling, and
global customer support services at Gear
Expo 2013, covering a wide array of pro-
cesses for the complete production and
inspection of all types of bevel and cylin-
drical gears. On display for the first time
in North America will be:

The Gleason
100PS Power
Skiving Machine,
delivering signifi-
cant productivity
and quality gains
for cylindrical
external gears
up to 100 mm
in diameter, and
internal gears to
150mm in diam-
eter. The new

L
machine, cutting O

tool and power

skiving process

expertise to offer users significant per-
formance improvements, particularly
in operations where shaping, forming,
pressing and broaching are typically
used. As compared to shaping, for exam-
ple, the 100PS can deliver productivity
rates as much as eight times higher.

The Gleason Power Skiving process
additionally delivers quality levels that
are superior to other soft machining
processes, with the potential to be used
as a ‘greeny’ finishing operation.

In addition, the 100PS can be operated
both manually and automatically, and
easily integrated into production lines
with a variety of peripheral equipment,
making it an ideal solution for any pro-
duction volume, any lot size. Its just one
of the complete new Gleason PS Power
Skiving Series of machines with mod-
els available for workpieces as large as
700 mm in diameter.

The Gleason 300GMS Analytical

Gear Inspection System offers up to

45 percent faster com-
plete inspection of auto-
motive transmission

-

Gleason 100PS

100PS com-
bines
unique ‘i}
| L
. _
¢ G o
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gears and other smaller gears, gear cut-
ting tools and non-gear parts. The new
300GMS — latest addition to the GMS
Series of inspection systems (with mod-
els available for gears up to 3,000 mm
in diameter) — was developed specifi-
cally to meet the needs of automotive
transmission gear producers for a faster,
more economical solution for complete
gear and even non-gear parts inspec-
tion. It is the first GMS to feature the
new Windows 7-based Gleason GAMA
3.0 applications software suite which,
like its GAMA 2.0 predecessor, offers
users a highly intuitive user interface
and simple input screens for program-
ming of workpiece and cutting tool
data. Those features, combined with
ease of setup, a .NET control system,
and movement optimization, reduce
the cycle times required for the com-
plete inspection of almost any gear or
gear tool by up to 45 percent as com-
pared to Gleason systems running ear-
lier versions of GAMA, or competitive
products. The 300 GMS also features
a new-generation Renishaw 3-D probe
head to provide maximum accuracy and
flexibility for the complete inspection of
all kinds of gears and gear-cutting tools
and, in particular, finer pitch gears. The
300GMS is equipped with new ergo-
nomically mounted operator worksta-
tions and a Gleason Diagnostic Module
— both designed to greatly improve the
operator’s effectiveness at every stage
of the inspection process. The Gleason
Diagnostic Module puts a number of
powerful tools right at the operator’s fin-
gertips, including a ‘weather station’ to
record temperature and humidity, and
video telephony, note pad and voice mail
messaging capability, enabling the user
to capture video, describe a particular
programming issue and transmit it over
the web to others in the customer’s orga-
nization or to Gleason for support.
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In addition, the 300GMS, like all the
systems in the GMS family, offers users
the ability to meet a variety of inspec-
tion tasks beyond just gear geometry
on a single platform, including surface
finish and form measurement and even

prismatic (CMM) measurement. Visitors
will also be introduced to a number of

other significant products, technologies
and services, including:

Cutting Tools

On display will be advanced new bevel
gear cutting tools for cutting and grind-
ing straight, spiral and hypoid bevel
gears. For cylindrical gear production,
visitors will find a full array of hobs,
form relieved milling cutters, shaper cut-
ters, chamfering and deburring tools,
shaving cutters, honing tools, coated dia-
mond and CBN grinding wheels, dia-
mond dressing wheels and diamond
dressing rolls.

Workholding

Gleason designs and produces a com-
plete series of quick-change, tool-less
workholding equipment for bevel gear,
cylindrical gear and non-gear produc-
tion machines. These systems range
from the Gleason X-Pandisk systems
which automatically align workpiec-
es weighing up to 2,000kg to reduce
changeover time by up to 70 percent, to
Quick-Flex and a large variety of quick-
change workholding solutions that sig-

nificantly reduce change-over times for
the production of both bevel and cylin-
drical gears up to 200 mm in diameter.
For inspection systems, Gleason offers
the high-precision Gleason LeCount
expanding mandrels line, renowned for
accurate, easy, extremely rapid location
of all types of bore parts.

Gleason Global Services

Gleason customers can rely on 250 fac-
tory trained service professionals locat-
ed in over 50 countries throughout the
Americas, Europe and Asia, working
around the clock to deliver the full range
of aftermarket service and support capa-
bilities. Among the most recent of these
is the new Gleason Connect ‘Remote
Service’ technology, which enables
Gleason service specialists from any-
where in the world to quickly and cost
effectively identify, diagnose, repair and
monitor products, minimizing costly
downtime.

For more information:

Gleason Corporation

Phone: (585) 473-1000
www.gleason.com
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" Faced with today’s global challenges gear manufacturers need
not only machines that reliably produce high quality parts, but
also machines that are a good value.

For gear shaving the Raso 200 Dynamic fits the bill. 1"
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Ettore Miletto / Sicmat CEO

RASO 200 - RASO 400 - RASO 600 - RASO 250 TP/TPC
A complete range of gear shaving machines for
advanced gear manufacturing

www.sicmat.com
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Agents for U.S. and Canada: Star SU LLC
5200 Prairie Stone Parkway, Suite 100
Hoffman Esates, IL 60192
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Liebherr Gear Technology

Booth #510
The LC 500 universal hobbing machine,
providing high machine availability and
productivity, as well as flexibility, will
be demonstrated at Gear Expo 2013.
Market demand for more flexibility was
a key factor in the development of the
LC 500, which handles workpiece diam-
eters to 500 mm and a maximum mod-
ule of 12mm. Liebherr designed the
range of LC hobbing machines for uni-
versal applications in general mechani-
cal engineering, the commercial vehicle
gear industry and construction machin-
ery, as well as their suppliers. Various
processing applications can be flexibly
performed and optimally configured to
satisfy customer requirements, thanks to
the one-piece machine bed.

The machine is available in both auto-
matic and manual operation modes
— depending on the specific range of
requirements. There are a number of
specific configuration options beyond

this: from coating and automation as
well as drives and cutting heads to addi-
tional software modules. “This machine

EXHIBITORS CONFIDENTIAL

is not off-the-shelf. In addition to flex-
ibility, availability and rigidity during pro-
cessing characterize the machine con-
cept, even in the event of extremely high
cutting parameters. Its flexibility and the
broad spectrum of components and batch
sizes make it especially appealing to con-
tract manufacturers,” said Dr.-Ing. Oliver
Winkel, director of application technol-
ogy, who is responsible for the techno-
logical development of gear cutting for
Liebherr Verzahntechnik.

Machine Table and Cutting
Head

The machines are equipped with fully
encapsulated workspac-
es and spur gears, as well as
a highly dynamic, mainte-
nance-free direct drive in
the table to deliver premium
gear quality. The drive can
be a self-cooling spur gear
or water-cooled direct drive,
based on precision and pro-
ductivity requirements.
Large table bores facilitate

the installation of clamping cylinders for
workpiece clamping devices.

Different gear ratios for the water-
cooled, zero-backlash tool drive mech-
anism help to achieve the torques
required for high performance process-
ing — with rotational speeds up to 3,000
rpm and drive power of up to 27 kW.
The tool mount can be made using a
hollow shank taper, ISO short taper or
collets. An angular gear is available for
worm cutting, which is only mounted as
an attachment.

Winkel summarizes other features of
the machine beyond high productiv-
ity and availability: “Taking the LC 500

LC 500

tools, shipping to over 20 countries.

+ Broaches

+ Carbide Hobs
. + Master Gears

Shaper Cutters
Milling Cutters

mining, construction and other industrial gears.

DTR

PERFECTION MOVES US
(formerly Dragon Precision Tools)

WWW.DRAGON.CO.KR

DTR is a world class supplier of the finest high performance long-life gear
manufacturing tools, for small and large gear cutting applications.
Established in 1976, we are one of the world’s largest producers of cutting

DTR offers a full line of gear cutting tools including:
Hobs +Chamfering and Deburring Tools

We can produce virtually any tool you need for auto, aerospace, wind,

Every tool is precision-made utilizing high speed steel, premium powder
metal or carbide and the latest in coatings, to achieve superior cutting and
long life. DTR uses top of the line equipment including Reischauer CNC
grinders and Klingelnberg CNC sharpeners and inspection equipment.

Learn more about our outstanding quality tools at www.dragon.co.kr.
Call us at 847-375-8892 for your local sales representative or I
Email alex@dragon.co.kr for a quotation.

U.S. Office Location (Chicago)
Email inquiries to: alex@dragon.co.kr
1865A Hicks Road, Rolling Meadows, IL 60008

PHONE: 847-375-8892 Fax: 224-220-1311

DTR. Your best choice for high quality gear cutting tools.
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EXHIBITOR
Booth #741

Hannover

DTR has sales territories available. Call for more information.

FAX:

Headquarters
36B-11L, Namdong Industrial Complex, Namdong-Gu, Incheon, Korea

PHONE: +82.32.814.1540

+82.32.814.5381
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as an example, it is easy to distinguish
on what this gearing flexibility is based,
namely on our ability to produce cus-
tom solutions for specific processing
tasks. Simply said, customers present us
with their components and we build the
machines around them.

For more information:

Liebherr Gear Technology, Inc.
Phone: (734) 429-7225
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Kapp/Niles

Booth #611
The Kapp Group will be showcasing the
Niles ZE 400 machine model, as well
as introducing their new product line,
R&P Metrology measuring machines.
The Niles ZE 400 continues to be one of
the most popular compact and economi-
cal machines in the gear grinding mar-
ket due to its versatility to grind internal

www.liebherr.com

or external gears, while utilizing both
dressable vitrified and non-dressable
CBN grinding wheels. It is engineered

= "‘:‘ L - ! . -

Holding partss
that make the ",
world go around

— |

\
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Precision & Repeatabiliwj‘"’
for Demanding Applications

7Y ,
At Hydra-Lock, we continue to develop e
our workholding technologies, engineering = 9 2

industry’s best chucks and arbors while
providing application support to meet
the increasing demands of industries
like gear manufacturing. Among
our many innovations are solid-
and split- steel expanding sleeve
designs, and the Conform-A°®
technology - all geared to ensure
reliability and quality for your I.D. and
O.D. applications.

HYDRA-LOCK

CORPORATION

Originators and developers www.hydralock.com
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for high quality with maximum grind-
ing torque. A stable ductile iron machine
bed supports a workpiece of up to 2,650
pounds. The machine comes fully
equipped with a tailstock and on-board
measuring. It offers advanced productiv-
ity features such as rapid pre-grind mea-
surement, which optimizes stock remov-
al and prevents excessive stock remov-
al, for best process safety. Showcased
for the first time in North America is
Kapp Group’s newest product line, R&P
Metrology measuring machines. R&P
Metrology, a company launched by long-
time gear industry professionals Hans
Rauth and Christopher Plume, designs
and builds gear metrology equipment,
concentrating on medium and large par-
allel axis gears, bevel gears, tools, shafts,
bearing rings and 3-D parts. The range
starts at approximately 1.0 meter in size.
Extended capacity requirements for large
applications and customizing are the
specialties of R&P Metrology.

Kapp CBN tools for direct grinding,
and DIA dressers for grinding and hon-
ing are featured as well, and Kapp and
Niles application and tool design engi-
neers will be on-site to answer questions
about specific applications.

The Kapp Group offers innovative
technologies and systems for high pre-
cision hard-finishing of gears and pro-
files. Grinding machines and tools trade-
marked as Kapp are primarily geared
towards the automobile, aerospace, man-
ufacturing and compressor industries.
The Niles grinding machines find their
applications mainly in the wind energy,
rail, drive technology as well as miner-
al extraction. The Kapp Group encom-
passes six locations world-wide with
about 850 employees. Through continu-
ous research and development, advanced
design and manufacturing, as well as
superior support, the Kapp Group offers
specific solutions for its customers’ com-
plex applications.

[www.geartechnology.com]
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For more information:
Kapp Technologies
Phone: (303) 447-1130
www.kapp-niles.com

Reishauer

Booth #1041
The inventor of continuous gener-
ating gear grinding, Reishauer AG of
Wallisellen, Switzerland will be dem-
onstrating the RZ 260. The concept
is based on the extremely success-
ful RZ 150 series with several hundred
machines installed in plants worldwide.
The RZ 260 has not only been increased
in size, but also, all relevant compo-
nents have been adapted to handle high-
er loads and forces which occur when
grinding larger gears. Gears with an out-
side diameter of 260 mm and modules
up to 5mm can be ground with highest
reliability.

An important focus in the design of
the machine concept was adaptability to
the different production requirements of
numerous customers. The machine can
be fitted with one or two work spindles.
The version with two work spindles is
used to minimize the loading times —
as introduced with the Reishauer RZ
150. When investment and tooling costs
must be minimized or the workpiece
handling times are not critical, the RZ
260 with a single work spindle might
be a more suitable choice. When grind-
ing gears with space limitations or small
lot sizes it might be advantageous to use
the changeable profile grinding spin-
dle enabling the use of a small plated
or dressable wheel to grind gears with
the discontinuous profile method. Both
versions of the RZ 260 can be equipped
with a fixed or CNC-controlled axis for
swiveling the dressing tool. With this
option, the flexibility of the dressing

SEAMLESS
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Careers geared to succeed.

GLOBAL GEAR ENGINEERING OPPORTUNITIES AVAILABLE

Moog's motion control technology and products are found around the world
from helicopters to fighter planes and deep sea drills to syringe pumps. We
foster an environment where our 11,000 engineers and technologists feel
empowered and inspired to achieve remarkable things. The work we do matters,
as does every single person who works with us.

We're looking for talented engineers with at least seven years of experience
in gear manufacturing to join our business in Baguio City, Philippines,
Torrance, California and Wolverhampton, United Kingdom. If you are
interested in joining our team in the Philippines, but are not a resident there,
youwill receive housing benefits and travel allowance.

To apply, please send your resume to tpotts@moog.com or visit moog.jobs
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e CNCTITAN 1983/2011, faceplate :
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1200mm@, swing 1400mm see details + pictures under

www.teco-germany.com
click to the top of the world

e Grinding & Turning Center
BUDERUS, 2007, 250mm @ x 150mm

TECO Werkzeugmaschinen GmbH & Co. KG
Westring 1, 40721 Hilden, Germany
Tel.: +49 2103/3682-0 / Fax: +49 2103/3682-20

E-mail: info@teco-germany.com
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tools can be increased since the same
tool can be used for a range of gears as
compared to the fixed dresser where the
tools are usually workpiece specific.

Like all Reishauer gear grinding
machines, the RZ 260 has been devel-
oped exclusively for the high demands
of the continuous generating gear
grinding process, also known as the
Reishauer style. All design character-
istics that lead to the success of other
Reishauer machines have been incor-
porated in the RZ 260. This includes
the Reishauer Generating Module for
highest gear quality, Reishauer LNS Low
Noise Shifting technology for very low
gear noise emissions, Reishauer Twist
Control Grinding technology to create
defined values for flank twist and the
Reishauer HMI for fast change over and
set-up times.

For more information:
Reishauer Corporation

Phone: (847) 888-3828
www.reishauer-us.com

Star SU

Booth #901
Star SU plans to expand its role as an inte-
gration solutions expert for machine tools
including workpiece holding, perishable
tooling, gaging and automation, accord-
ing to David Goodfellow, president, Star
SU LLC. In Indianapolis, Star SU will fea-
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ture the Bourn & Koch 100 H horizontal
hobbing machine at Gear Expo.

The Bourn & Koch 100 H can hob
splines and geared shafts up to 100 mm
in diameter. Mount tools in combina-
tions to cut different gearings on one
workpiece or to mill keyways and slots
in one tool setup without reclamping.
Since the chip conveyor is located direct-
ly under the tool spindle, chips are evac-
uated immediately from the machine to
avoid any thermal distortions. In addi-
tion, the 100 H can be ordered with
automation for machining larger lots.
The extended version of the 100 H with
a NUM Flexium control can accommo-
date a workpiece up to 916 mm (36")
long and 126 mm (5") in diameter.

The Samputensili G 250 gear grind-
ing machine has been especially devel-
oped for very low cycle times and for
top-quality and efficient mass produc-
tion of gears with outside diameters
up to 250 mm and shafts with lengths
up to 500 mm. The secret behind the
machine’s efficiency is the dual work
spindle concept, which eliminates non-
productive auxiliary times almost com-
pletely. By means of the dual work spin-
dles, the loading/unloading process of a
workpiece is carried out in masked time,
while simultaneously the manufacturing
process proceeds on another workpiece.
The G 250 can equally use form and
worm grinding wheels, both in ceramic

—
B SAMPUTENSILI

and in electroplated CBN. A video pre-
sentation of the G 250 will be available at
the Star SU booth.

For more information:
Star SU

Phone: (847) 649-1450
www.star-su.com

A WINTERTHUR (@ WENDT Slip@Naxos
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« Reaction re?

Introducing 3M™ Cubitron™ Il
Conventional Wheels for Gear Grinding

Re-inventing the art & science of gear grinding

New Cubitron Il wheels will take your grinding process

to the next level of productivity. This 3M technology will
dramatically increase throughput, improve productivity

and minimize burn and burnishing.

e Higher removal rate

* Runs cool — virtually eliminates burning & burnishing

e |asts up to 2 to 4x longer — with less dressing — than
wheels containing traditional grain

e Available in Single Rib, Threaded/Worm and
Spiral Bevel/Curvic configurations

Superior Strength Expected Precision

© 3M 2013. 3M and Cubitron are trademarks of 3M Company.
Used under license by 3M subsidiaries and affiliates.

Now part of 3M
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What’s the secret?
3M™ Cubitron™ Il Gear
Grinding Wheels are
powered by precision-
shaped grain, pioneered
by 3M. As the uniform
triangular grains wear,
they break to form

sharp points that “slice”
through metal - to stay
cooler, cut faster and
last longer! Learn more
at: www.3M.com/
cubitron2/GearGrinding
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KISSsoft AG

Booth #717
KISSsoft will be presenting the latest
release of the software, Version 03/2013.
The latest version of KISSsoft incorpo-
rates the newest advances in contact
analysis for both cylindrical gearing and
planetary geared systems.

Additionally, the draft of the new
plastic strength analysis standard (VDI
2736) is implemented. Furthermore, a
lot of other helpful features for an opti-
mal gear calculation are available now.

Additionally, KISSsoft covers a very
broad range of applications in one pack-
age, even with one user interface. So
regardless in which state of the design
process the engineer is, he/she can use
the same tool. A strong point in KISSsoft
is the optimizations which are conducted
on all levels, for single parameters, for
parameter sets, or for complete systems
of machine elements. And the program
can be customized in many regards. This
covers the input (default settings, data
base contents), the output (reports), the
calculation procedures (customer specif-
ic rules that are asserted during the cal-
culations) and of course the installation.

“In addition to these technical points,
KISSsoft AG has gained a very good
reputation concerning gear knowl-
edge,” says Dr. Stefan Beermann, CEO
of KISSsoft AG. “This is a very impor-
tant point for a customer when he/she
decides which software package to rely
on. We try to measure up to these high
expectations by joining the committees
for the standards, conducting scientific
conferences, conducting general train-
ings about gear knowledge, providing
excellent support and so on”

Beermann continues, “Nothing replac-
es personal contact, particularly in our
industry. Many things are easiest to dis-
cuss face to face. Bring your gear design
problems to booth 717 and see how
KISSsoft can help solve them. Dr. Kissling
and I, founders of KISSsoft will be on
hand to answer all of your questions”

Software demonstrations will be pre-
sented through the day.

For more information:
KISSsoft AG

Phone: +(41) 55 254 20 50
www.kisssoft.ag

Emuge Corp.

Booth #505
Emuge Corp., a manufacturer of precision
workholding devices for many industries,
offers a comprehensive line of clamping
solutions. Emuge’s workholding division
specializes in providing highly accurate,
almost maintenance-free customized solu-
tions for applications from low volume
job shops to high volume automotive pro-
duction environments. “Our workholding
group stays close to our customers to learn
about their unique challenges and pro-
duction environments. Doing so helps us
develop the best solutions for their appli-
cations,” said David Jones, precision work-
holding manager at Emuge Corp.

With its expanding-bush design,
Emuge’s System SG is used in many
machining operations such as hobbing,
shaping and shaving for gear production,
as well as milling and inspection. The
System SG’s large surface area contact
with the workpiece provides a clamp-
ing solution which is very rigid, accurate
and repeatable.

The high precision System SP is used
not only to clamp workpieces but also to
clamp tools. By applying an axial force,
the clamping sleeves move in the direc-
tion of the force and expand radially.
This eliminates the clearance between
clamping sleeve and body, and between
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clamping sleeve and workpiece. System
SP achieves concentricity of < 0.002mm
(corresponding to < 0.0001 inch).

For workpieces that have a short
clamping base or for diameters with a
very large tolerance, Emuge offers the
System SZ. By applying an axial force,
a slitted collet is radially expanded by a
cone. Simultaneously an axial movement
occurs, clamping the workpiece.

When the eccentricity between pitch
circle and seating bore is very small, dia-
phragm clamping System SM is suitable.
It allows clamping of the gear wheel at
the pitch circle for machining the seating
bore. The gear wheel is clamped in both
axial and radial directions.

System SH is a solution if there is not
enough room for a mechanical clamp-
ing system and for clamping long, thin-
walled workpieces or a number of simi-
lar workpieces. System SH is a closed
system which uses hydraulic pressure to
clamp the workpieces.

For more information:
Emuge Corp.

Phone: (800) 323-3013
www.emuge.com

Norton Abrasives
Booth #1153
Norton Abrasives, a brand of Saint-
Gobain, has developed and launched
Norton Vitrium3, the next generation
of bonded abrasives products, engi-
neered for maximum performance and
cost savings in precision grinding. An
entirely new abrasives platform, Norton
Vitrium3 features a patent-pend-
ing bond technology developed by the
Saint-Gobain Abrasives R&D team. This
bond features an exclusive chemistry
that promotes excellent grain adhesion,
resulting in improved product versatil-
ity across a wide range of applications.
Substantial performance improvements
with Norton Vitrium3 are now attainable
in all Norton abrasive grains, from pro-
prietary Norton Quantum ceramic alu-
mina to conventional aluminum oxide.
“Whether the goal is to reduce total
cost per part, increase throughput, or
improve workpiece quality, Norton
Vitrium3 is re-shaping the world of pre-
cision grinding to meet these needs,’
said Scott Leonard, director of product
management at Norton Abrasives. “This

VITRIUM @
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new technology will allow significant
increases in production and also intro-
duces the possibility of grinding instead
of conventional machining on some
operations.”

For more information:

Norton (Saint-Gobain)

Phone: (508) 795-2833
www.nortonabrasives.com
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DMG/Mori Seiki
Booth #631

DMG/Mori Seiki will demonstrate its full gear machining technology
portfolio, with a focus on gearMILL software and the InvoMilling pro-
cess, at Gear Expo. The InvoMilling process will be demonstrated on
the NT series multitasking machines and NLX Series (three-axis lathe)
machines. The five-axis gear-machining capability will be demonstrated
on the DMU series machines and NT machines. In addition to newly
developed processes, traditional gear-machining processes such as hob-
bing, gashing and broaching will be on display on NLX (three-axis lathe)
machines. A variety of gears, such as spiral bevels, spur, helical and
internal gears, will be machined on these platforms.

As we begin our 85th ;;ear, we would like to thank ”..
all of our past, present, and future cust-omers for
choosing Comtorgage as your precision gaging supplier.
It’s been a pleasure serving you, and we appreciate
your business through the years.
We will continue to provide you with
precision gaging for your measurement requirements,
and look forward to establishing future partnerships
with our ever growing base of World Class Customers.
From all of us at Comtorgage,
We wish you continued success in the years to come!

... and always remember, if you have to measure it ...

Comtorgage it!

Rugged Reliable, Repeatable

Phone: 401-7
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“The demonstrations center around
the flexibility of the machines to offer
the customer a choice of gear machin-
ing process based on day-to-day sce-
narios,” says Nitin Chaphalkar, manager
of advanced solution development. The
demonstrations will emphasize benefits
of multitasking machines such as sim-
ple change overs between parts, yielding
increased throughput in small and medi-
um batch production.

In addition to the demonstrations,
Chaphalkar will conduct two presen-
tations at the Solutions Center portion
of the event. On Tuesday, Sept. 17 at
10:30 a.m., he will discuss bevel and spi-
ral bevel gear-manufacturing technolo-
gies and gear grinding. The presenta-
tion will discuss applications for these
methods and the software necessary. It
will cover gear grinding and methods of
surface heat-treating the gear teeth in the
multitasking machine. The second pre-
sentation on Thursday, Sept. 19 at 10:30
a.m. will focus on universal gear milling
machines and new methods for manu-
facturing gears, including InvoMilling.
Chaphalkar will talk about using the
multitasking machines for machining
gears not only with conventional pro-
cesses including hobbing, shaping and
five-axis machining, but also with new
processes such as InvoMilling.

For more information:
DMG/Mori Seiki

Phone: (847) 593-5400
www.dmgmoriseikiusa.com
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Need a solution to the daily grind?

Call us 1n the morning and take one of these.

For the toughest gear applications, GMTA provides immediate relief with the world’s foremost machine
technology. From gear grinding, to gear honing, gear Scudding®, polygon milling, turning, multi-
functional machining, and gear tooth pointing, we deliver robust, cost-efficient solutions from a
single machine to a complete system.

Praewema Honing Machines Pittler T&S GmbH
SynchroFine line of high-per- Application-specific lathe
formance hard gear honing technology for single or
machines for critical gearbox multi-task operations from
applications. 20mm to 6000 mm.

WMZ GmbH

Precision center-drive turning
machines and modular
automation solutions with
reduced cycle times.

Praewema Gear

Grinding Machines
SynchroFine line of high-
performance hard gear
grinding machines for coarse
pitch applications.

Profilator GmbH

Modular machines designed
for gear Scudding®, tooth
pointing, and polygon milling.

Call us...let us show you what we can do for you.

==GMTA

German Machine Tools of America

EHE

4630 Freedom Drive ¢ Ann Arbor, MI 48108 e 734.973.7800 ¢ fax 734.973.3053 ¢ www.gmtamerica.com
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Sandvik Coromant

Booth #335
Sandvik Coromant will focus on the
ongoing shift in gear manufacturing
technology during Gear Expo. For an
operation that has been reasonably con-
sistent for about a century, there have
been a lot of exciting technological
advancements in recent years. Whether
you're running a traditional, dedicated
machine for large batches, doing small-
er, one-off batches and prototypes on
your multitask machine, or anything in

EXHIBITORS CONFIDENTIAL

between, stop by booth 335 to check out
the next generation of gear milling solu-
tions.

One focus area will be CoroMill 176,
an innovative indexable insert cut-
ter for productive gear wheel hobbing.
CoroMill 176 is a more cost-efficient
alternative to regrindable high speed
steel (HSS) hobs and is designed for
gears in the module range 3 to 10. Its
ability to reach higher cutting speeds
combined with user-friendly insert
changing will reduce cycle times to a

SYNergy an
Metal Cuttmg

¢ Broaching Machines
e Broach Tools

e Specialty Machines
e Spline Rolling

delivered hlgh quality machlne
tools and cutting tool systems to
serve a diversity of customers.
With a commitment to excellence
in our global operations, Colonial
has the right solution for your
metal cutting applications.

¢ Spindles & Slides

e Milling Cutters

e Boring Tools

¢ Actuated Tooling

¢ Custom Tooling Systems

Facilities In
U.S.A. » Canada * Mexico

1-866-611-5119
info@colonialtool.com
www.colonialtool.com
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fraction versus high speed steel tool-
ing, making it the high productivity gear
milling choice for large volume gear
facilities.

The new CoroMill 172 full form disc
cutter is another area of emphasis. It
offers a versatile and timesaving solution
for milling of high-quality gear profiles,
splines and racks. Thanks to the new
indexable carbide insert technology and
a powerful iLock interface, the compo-
nent can be machined in flexible non-
dedicated machines, such as multi-task
machines and machining centers, as well
as in hobbing and gashing machines.
This makes the CoroMill 172 a truly
flexible choice that has application on a
wide array of operations and has shown
particular value in the production of
splines.

And the InvoMilling (patent pending)
process is a unique approach to milling
spur and helical gears using indexable
insert cutters. InvoMilling opens up new,
cost-efficient ways to produce geared
components without dedicated hobbing
machines. Since complete components
can now be machined with just one set-
up in a single 5-axis machine, overall
production lead-times can be reduced
dramatically as waiting for expen-
sive hob cutters is not required. One
InvoMilling cutter is capable of produc-
ing multiple module or DP sizes. Also,
eliminating a hobbing operation dra-
matically shortens the value stream and
overall work in process. And the new
generation of indexable carbide insert
gear cutters will increase cutting data
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Getting the reliable gears you
need requires a surprisingly simple plan.

Make one call to Gear Motions, At Gear Motions, we've been designing and manufacturing
and we'll work with you from precision gears for more than a century. And in that time,
we've built something else - a reputation for quality and
y proven performance in almost any application. We're a
custom solutions you need. full-service company that uses the latest in gear-grinding
technology to help you create a reliable solution to meet your
exact requirements. That's what we call Precision in Motion.

start to finish to deliver the
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and lower the cost per machined gear
wheel.

Sandvik Coromant’s comprehensive
line of gear milling application solu-
tions, from hobs with indexable inserts
to roughing cutters and disc cutters, pro-
vides the flexibility your shop requires to
cover the changing needs of the day.

For more information:
Sandvik Coromant

Phone: (800) SANDVIK
www.sandvik.coromant.com

EMAG LLC
Booth #315

With the VL 5, EMAG has created a cus-
tomized solution that makes a positive
impression in handling the heavy stress-
es exerted on the tools and machine
during hard turning. One example is
its machine base made of Mineralit, a
polymer concrete with a vibration resis-
tance eight times better then cast iron.
“A vibration resistant machine leads to
an improved surface finish on all work-
pieces it machines, which also leads to
an improvement in tool life,” says Peter
Loetzner, CEO of EMAG. The vertical
design is another feature that ensures an
economical process, with the work spin-
dle and the workpiece located above the
tool. This offers suitable chip flow condi-
tions, with the material removed being
taken out of the machine by a chip con-
veyor. All guideways are located above
and away from the machining, keeping
them safe from any chips or dirt. This
increases the component accuracy and
reduces the maintenance effort.

Another important quality feature of
the vertical turning centers from EMAG
is their integral automation. They all
use a conveyor belt with prisms that
hold the raw parts in place. The con-
veyor belt moves the workpieces direct-
ly into the pick-up station, where they
are picked up by the work spindle and
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then machined. Workpiece changeovers
are very fast, because the distance
traveled between the loading
and machining position is only
550 mm. This leads to a massive
shortening of the time between
machining processes.

The possibilities offered by
hard turning on the fully auto-
mated, vertical turning machines
from EMAG is best shown by
the example of a gear production
for a sub-supplier to the auto-
motive industry. The VL 5s run
by the customer produce
a total of eight different
gears for a dual-clutch
transmission system. ¢
Following the harden-
ing process, the work-
pieces are pre-turned on
the machine, to remove |
the hardened top layer. This |
is followed by a synchronous ring
being welded onto the workpiece 4
away from the VL 5. The work-
piece is then returned to the EMAG
machine and finish-turned. Before
the customer had the VLs, he per-
formed comparable operations on
grinders.

“This company started investing in
the VL 5 machines for their hard turn-
ing process, because the investment costs
were so much lower,” adds Loetzner.
“Hard turning on the VL 5 is in no way
inferior to the old grinding process;
and the machining times are noticeably
shorter,” he explains further.

When can hard turning successful-
ly replace the grinding process in the
machining of a component surface?
“That depends on a number of factors.
One important factor is the desired sur-
face texture. We help guide our custom-
ers and give them our opinion on the
best way to proceed,” explains Loetzner,
“and when hard turning is possible,
it often becomes first choice” Apart
from lower investment costs, many
users are also impressed by the elimi-
nation of the grinding operations.
On the VL, the turned part can be
finish-machined in a single setup. It
is no longer necessary to take it to
another machine for finishing. The
result: the output level of the whole
production increases considerably.

The turning specialists from EMAG
have already delivered a total of 3,500
VL machines. The know-how this has

provided is something the new user
also profits from. “Our design team
familiarizes themselves with custom-
er demands. This ensures that the
strengths of our machines are targeted
on what is required by customers” The
types and numbers of components that
can be produced on these vertical turn-
ing machines are very diverse. Toothed
components, such as gears and crown
wheels, can be produced with the same
efficiency as bearing rings. “The sys-
tem can be adapted to suit any batch
size and is very impressive with its short
cycle times and high component qual-
ity. If the VL 5 allows you to eliminate a
whole process stage, the user will be able
to enjoy an unbeatable cost advantage,’
emphasizes Loetzner.

For more information:

EMAG LLC

Phone: (248) 477-7440
www.emag.com
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Dontyne

Booth #1052
Genesis Partners has developed and test-
ed a non-involute tooth form that proj-
ects up to a 40 percent improvement
in various physical and performance
parameters of a gear pair compared
to the equivalent involute. A distinct
advantage of this new tooth form is that
it utilizes the existing gear manufactur-
ing asset base. Under an exclusive agree-
ment Dontyne Systems has programmed
the Genesis Partners source code to not
only design and rate Convoloid pairs

GRUPOS
DIFERENCIALES

High precision Gears and Components.

Short lead times for any volume
environment.

and compare them directly
with involute pairs, but also
provide the protocols to eas-
ily craft these designs to
optimize many of the gear
parameters influencing suc-
cessful gearing applications.
The confluence of the well-
developed specialties of these
two firms provides timely,
efficient, and comprehensive
analysis prior to the machin-
ing, testing and inspection of
hardware—a breakthrough in
the future of gearing power
density and cost reduction.
The relative size reduction
for Convoloid over optimized
involute equivalent for same
ratio and face width trans-
late into large benefits in pro-
duction cost and power den-
sity as well as operating life.
Dontyne Systems has com-
pleted both design and load-
ed tooth contact analysis
modules for the Convoloid
gear form. Parameters such
as stress, load, efficiency

Latest technology for high efficiency and

competitiveness.

PRESENCE IN ALL SECTORS:
- Marine

+ Highway and Off-Highway

* Industrial
* Railway
+ Aerospace

Portal de Bergara 32,

01013 Vitoria-Gasteiz (Alava) Spain
Phone: (+34) 945 260 100

Fax: (+34) 945 261 446

and transmission error can be calcu-
lated. These can be used to investigate
the performance of a design including
the effect of center distance variation
and misalignment. The problems asso-
ciated with this type of conformal gear-
ing are not as acute as an experienced
gear designer might intuitively expect.
Potential problems such as stress con-
centrations, micropitting, and vibration
can be treated by surface modification,
in the same way as an involute gear form
often is, to achieve optimum operation.
The software enables the user to quickly
establish whether the Convoloid solution
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is appropriate to provide an advantage
over the involute for a given applica-
tion under specific operating conditions.
Further modules to simulate manufac-
turing and inspection — linking directly
to production equipment — are close to
completion.

This technology has been aimed ini-
tially at the wind turbine industry during
its development. As the understanding
of the limitations has increased through
software analysis, then the confidence in
the product applicability has grown such
that many industries are ready to investi-
gate the operating characteristics of non-
involute designs as never before. This
new calculation is exclusive to Dontyne
Systems. Genesis Partners will be giv-
ing a talk in the Solutions Center on the
development and testing of this technol-
ogy entitled “Convoloid—The Future
of Power Density and Cost Reduction,”
scheduled for 9/17/2013 at 3:00 p.m.
The presentation will also include some
results from the new analysis software.
The potential for this design software or
design service can be discussed in more
detail at the Dontyne System Booth
1052.

Micro-Erosion: Propagation of
Micropitting

The ISO 15144 Method A and B for
micropitting have been implemented in
Dontyne Systems’ Gear Production Suite
for some time now. The standard is fair-
ly restricted, only giving indication of
the risk of micropitting which could be
based over a 16 to 70 hour test. It does
not state whether micropitting will con-
tinue to develop with time or stop (as
will be the case sometimes) and further
whether this is actually detrimental to
the operation of the gear. This may lead
some gears to be scrapped and develop-
ment programs halted pending redesign
when it may not be necessary, leading
to costly and wasteful delays. Dontyne
has been working with Dave Barnett
(Gears Made Easy) to implement a cal-
culation which looks at the longer term
micro-erosion (model of the propaga-
tion of micro pitting) and the influence
on operating characteristics under load.
The calculation procedure itself has been
has been explained in previous AGMA
FTM presentations and more recent-
ly in a Voices piece (Gear Technology
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November/December 2011). The new
method has been experimentally vali-
dated and it is believed can contribute to
the understanding and development of a
more complete model of gear behavior
for more efficient design and produc-
tion. Significantly, it can also look at the
implications on life due to surface modi-
fication. This new calculation is unique
to Dontyne Systems and can be demon-
strated at the Gear Expo Booth 1052.

For more information:

Dontyne Systems Limited

Phone: +(44) 191 206 4021
www.dontynesystems.com

Hainbuch
Booth #600
Changing over from O.D. clamping to
LD. clamping without disassembling the
base clamping device is done in a mat-
ter of two minutes with the Hainbuch
modular system. With Mando Adapt,
just place the mandrel in the mounted
clamping device. It’s a great time-savings
solution, not to mention that Mando
Adapt is extremely rigid and precise.
Mandrel type 213: This mandrel type

'~ MANDO Adapt

~ MANOK plus

is suitable for small clamping diameters
and extremely slender mandrel bodies.
In comparison with the Mando T211
with draw bolt, the segmented clamping
bushing is not released via ejector pins
in the mandrel body; rather it is coupled
in on the upper end of the draw bolt.

Thanks to this trick, the mandrel body
can be implemented with even more
rigidity. That'’s why this mandrel type
is in such demand, particularly for gear
cutting applications where interrupted
cuts are on the daily agenda. The vulca-
nized segmented clamping bushings are
supplied as a clamping unit mounted
on the draw bolt and thus can be con-
veniently changed. For greater clamping
diameter, you can also change the seg-
mented clamping bushings individually
through the use of two-piece draw bolts.
For more information:

Hainbuch America Corp.

Phone: (414) 358-9550
www.hainbuch.com

Mitsubishi Heavy
Industries America
Booth #909

Mitsubishi will proudly be showcas-
ing two machines at Gear Expo 2013.
Making its debut in North America, a
revamped design of the ever popular
Model ST40 advanced programmable
lead guide shaper will demonstrate the
capability to program internal and exter-
nal gears with crown or taper through
the use of a newly developed NC reliev-
ing mechanism. The ST40A machine
is also equipped with a quick return
stroke function, which greatly shortens
machining times for wide face width
gears. This machine will be dry cutting
one component of a cluster gear.

Additionally at Gear Expo, Mitsubishi
will be demonstrating an automated gear
cell which includes a palletized convey-
or paired with a Model GE15A dry-cut
gear hobbing machine. On the GE15A,
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Our Gears Work

Around The Clock, Around The World

High Performance, Higher Quality Gears
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a DELTA
GEAR

Aerospace Precision - As an AS 9100
& 150 9001 Registered Company, Delta
Gear provides aircraft quality gears
and machined components at automo-
tive prices. Since 1964, Delta Gear has
been producing precision parallel-axis
gears. It is our continued passion to
expand our capabilities in high preci-
sion gears, machined components,
assemblies and inspection — giving
you the highest quality, service and
on-time delivery.

www.delta-gear.com
1-734-525-8000

a DELTA
INSPECTION

Inspection & Testing - Inspired by
the understanding that the industry
needs expert abilities forcontract gear
inspection services, Delta Inspection
meets your gear inspection and test-
ing requirements. 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 certi-
fied magnetic particle inspection, nital
etch and much more (Registered to
IS0 17025 quality standards).

www.deltainspect.com
1-734-793-2394

a DLLTA
RESEARCH

Autometive Quality & Speed - Delta
Research is a world class provider of
CNC 3-Axis, 4-Axis and 5-Axis preci-
sion machining, jig grinding, cylindrical
grinding and complete assemblies for
automotive, aerospace and industrial
applications. From complete auto-
motive prototype transmissions or
components, to defense, to aerospace
machining and assembly, you will be
impressed by our capabilities and
commitment to quality (Registered to
IS0 9001 & AS 9100 quality standards).

www.deltaresearch.com
1-734-261-6400
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Delta Family Of Companies ot
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Mitsubishi will demonstrate a timing
function which is beneficial for skive
hobbing or timing a gear to another fea-
ture on the workpiece. Also exhibiting
their capabilities in the Mitsubishi booth
will be Federal Broach and Machine
Company. Mitsubishi and Federal will
have industry experts on hand through-
out Gear Expo to offer solutions to the
many manufacturing challenges that
attendees will bring.

For more information:

Mitsubishi Heavy Industries America

Phone: (248) 669-6136
www.mitsubishigearcenter.com

Ingersoll Cutting Tools

Booth #235
Ingersoll will be exhibiting the lat-
est advancements in its gear machin-
ing tools. Whether it’s hobbing, gashing,
shaping, or CNC machining, be sure
to visit booth #235 to see whats new in
indexable insert gear machining tools.
“We will have our industry experts in the
booth, and are eager to discuss your par-
ticular gear cutting needs and applica-
tions,” says Frank Berardi, gear machin-
ing product manager. “Our new line of
Radial Insert Hobs will be a major focus
at the show. The radial hob is designed
primarily for smaller module gears. It is
available in 1-Start, 2-Start and 3-Starts,
and in screw down or wedge style insert
mounting.

Additionally, there will also be a live
demo in Liebherr’s booth (510) featuring
the Module 7, Radial Hob on a Liebherr
LC500 machine. “We will also have the
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latest designs in positive and negative
geometry gashers for internal and exter-
nal gears, as well as our indexable insert
shapers, which have been extremely suc-
cessful in roughing applications, reduc-
ing cycle times as much as 50 percent in
many cases,” Berardi adds.

For more information:

Ingersoll Cutting Tools

Phone: (815) 387-6600

info@ingersoll-imc.com
www.ingersoll-imc.com

Klingelnberg AG
Booth #323
With the acquisition of the core busi-
ness of Hofler Maschinenbau GmbH in
2012, Klingelnberg expanded its product
portfolio with
the addition
of gear man-

KLINGELNBERS

KLINGELINBERG

ufacturing machines for cylindrical
gears, thereby strengthening its posi-
tion as a single-source system suppli-
er. The company’s origins date back to
1863. In 1993, Oerlikon Geartec AG in
Zurich was acquired and a new gener-
ation of bevel gear cutting machines,
the C-Series, was developed. Within
this product range, Klingelnberg intro-
duced the dry-cutting process for spiral
bevel gears in 1997. The service offer-
ing also includes machines for grind-
ing, lapping and testing of bevel gears.
The Klingelnberg precision measuring
centers (P-Series) are used for dimen-
sion, form, and position measurements
of gears and axially symmetrical com-

ponents, such as tools, gears of all types,
and gear components measuring several
meters in diameter. During Gear Expo,
Klingelnberg will be exhibiting the P 40
precision measuring center for the auto-
motive, aviation, precision engineering
and industrial construction industries.
The P 40 offers a maximum workpiece
diameter up to 400 mm, weight up to
300kg and a vertical measuring range up
to 550 mm. Additionally, it offers gear
measurements as well as dimension,
shape and position of axially symmetri-
cal high-precision components of any
kind, roughness measurement on tooth
flanks; manifold options for testing of
drive components in the automotive
industry such as: clutch gears, sprock-
ets, beveloid gears as well as camshafts
and crankshafts; maximum preci-
- sion and repeatability of measur-
ing results; excellent mechanical
basic precision and modern com-
pensation strategies and easy opera-
tion with a graphical user interface.
For more information:
Klingelnberg America, Inc.
Phone: (734) 470-6278

usa.sales@klingelnberg.com
www.klingelnberg.com

James Engineering

Booth #701
James Engineering is introducing its
2014 line of systems. These systems are
a culmination of 30 plus years of experi-
ence and refinements. “Our 2014 lineup
allows the customers to increase pro-
ductivity, reduce setup times, increase
operator multitasking, increase machine
uptime, reduce scrap, and most impor-
tantly reduce the cost per part,” says
Scott Richards, vice president at James
Engineering. “We have focused so heav-
ily on these attributes that our company-
wide Return on Investment (ROI) is 1.5
years.”
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Today, James
Engineering focuses

on flow, setups, and ergonomics. “Our
automatic wheel wear compensation,
for example, can wear a four inch out-
side diameter grinding wheel down to
one and one half inches without a single
setup change. We can wear the wheel
from beginning to end with a 10 per-
cent variance in both chamfer angle and
size. Many conventional machines can
only wear down a half inch radius before
they need to make a setup change. These
conventional machines may make up to
three setup changes to achieve the same
minor diameter our systems can. In
some cases these conventional machines
cannot wear a wheel down that small
and simply discard it. Discarding a
wheel prematurely is a horrible waste of
money and time.

Additionally, James Engineering
recently introduced a patented 25,000
rpm, one horse power, hydraulic cham-
fer motor. “This motor is 80 percent
more efficient than the compressed air
motors, has a longer life span, and is
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silent. When these figures are com-

bined it equates to a massive ROI,

which in many cases, justifies
the purchase of our most
expensive systems within six
months”

Richards continues, “We
offer what is arguably the most
comprehensive line of deburring
systems on the market. We have
expanded our range of systems
to encompass manually oper-

ated systems, guaranteed setup
systems, zero-setup systems, fully
automated systems, and high pres-
sure water deburring systems.
These systems have the physical abil-
ity to deburr gears from fractions of
an inch to 400 inches outside diameter
and infinite lengths”

James Engineering will be shar-
ing a booth with Sinto Surface
Treatment at Gear Expo.

For more information:

James Engineering

Phone: (303) 444-6787
www.james-engineering.com

Hydra-Lock

Booth #640
Hydra-Lock features its patented
Conform-A-Chuck and Conform-A-
Arbor workholding solutions designed
to adapt to an out-of-round OD or ID
and securely grip that diameter to enable
boring, honing, grinding, or other
machining operations without changing
the original free state shape of the part.
This unique technology provides solu-
tions for the unlimited combinations of
machining found in today’s gear making
applications.
The Conform-A products rely upon a
unique plastic material called Hydra-
Fibre. This allows the chuck or arbor
to easily expand (up to .125" depend-
ing upon size) and adjust in order to
hold thin-walled and out-of-round
components without rounding. The
Conform-A products are able to locate
on a rough machined surface and estab-
lish an average center line. By locating

on the entire surface, the chuck is able
to support the weak component area
and withstand tool pressure. Resulting
accuracies of the operation are typically
within +.001".

Conform-A-Chucks and Conform-A-
Arbors can be developed in any size to
meet the application with either a direct
pressure or a self-contained hydrau-
lic system. Conform-A-Chucks can
be designed to produce either bell-

mouthed, straight or choke condition at
the skirt end. Conform-A-Arbors feature
retractable stops so that the end face of
the part may be machined square and ID
chamfered during the same cycle during
which the OD is turned.

For more information:

Hydra-Lock

Phone: (800) 634-6973
www.hydralock.com
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NTX2000

It's time to shift gears—by combining complex
machining processes on standard machines.

Revolutionary gear-milling solutions from DMG / MORI SEIKI USA enable
all types of gear machining with innovative milling programs and off-the-
shelf tooling—so you can slash setup times and boost profit.

m MORI SEIKI

www.dmgmoriseikiusa.com | 855-364-6674

N Manufacturing Days Nov.12-15 | Davis, Calit.
a Get an inside look at our new U.S. factory. Visit mdays2013.com to learn more.
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Gear, Gear Drive and Power
Transmission Component
Suppliers at Gear Expo 2013
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Can you see the

difference?

See us at Gear Expo, Booth 335
Sept. 17-19, Indiana Convention Center, Indianapolis, IN

The ring gear to the right takes 20% less
time to machine.

How is that possible? CoroMill® 170 is a high performance
cutter for large gears in module range 12-22. In combination
with our latest grades, your gear machining simply is more
efficient, leaving minimal and even allowance for subsequent
operations. Use it for precision and reliability in roughing of
external and internal gears.

Sound interesting? It's just one solution we have for gear
machining. Visit www.sandvik.coromant.com/us or better
yet, get in touch with a Sandvik Coromant specialist at
1-800-SANDVIK.

SANDVIK
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' GEAR EXPO 2013

COMPANY BOOTH # COMPANY BOOTH #
3M (see our ad on p. 35) 941 DMG Mori Seiki USA (see our ad on p. 49, 60) 631
A A Gear & Manufacturing 1252 Dontyne Systems Limited 1052
ABA-PGT Inc. 1048 DTR Corporation (see our ad on p. 30) 741
Accurate Specialties Inc. 350 EES Gear GmbH 854
Acme Wire Products Co. Inc. 1355 Eldec Induction, LLC 1035
ADF Systems Ltd. 835 Eltro Services, Inc. 863
AGMA 1109 EM Gear LLC 1350
ALDThermal Treatment, Inc. 817 EMAG LLC (see our ad on p. 27, 66) 315
ALD-Holcroft Vacuum Technologies Co. 816 Emuge Corporation 505
(see our ad on p. 75) Engineered Abrasives 811
American GearTools/American Broach & Machine Co. 1163 Engineered Tools Corporation 504
TP
: - Erwin Junker Machinery Inc. 1131
Ancon Gear & Instrument Corporation 207
A Gear C ( i 53) 801 Euro-Tech Corp. 301
ArrowM eahr. ogpany see our ad on p. 815 Excel Gear, Inc. (see our ad on p. 11, 65) 1148
rtec Machine Systems Fabco Automotive 351
Ash Gear & Supply 1251 First Gear 900
Banyan Global Technologies 749 Flame Metals 734
zfevzl. GDt_earsLI_r:dlg Pvt. Ltd. (see our ad on p. 106) ;gg Foerster Instruments Inc. 245
!g - 2ino- _' € Scopes Forest City Gear Company (see our ad on p. 7, 67) 923
Bishop Steering Technology, Inc. 245 - .
Bod ™ TP - 359 Forging Industry Association 769
Bohlyc‘;;e h_em;a : r"lcess('”g y 5 o2 FPM Heat Treating 348
ohle Wachine J007s, Inc. Se? our ac on p- Gardner Business Media 959
Bohler - Uddeholm Corporation 1050 A
Gear Resource Technologies, Inc. 750
Bowmar LLC 404 (see our ad on p. 60)
Brad Foote Gear Works, Inc. 641 Gear Solutions Magazine 549
Brelie Gear Co. 406 Gear Technology and Power Transmission Engineer- 123
Breton SpA 1058 ing Magazines (see our ad on p. 67)
Broach Masters/Universal Gear Co. 405 GearKing, Inc. (see our ad on p. 59) 719
(see our ad on p. 15) GearWorld North America 435
Broaching Machine Specialties 1349 Gibbs Machinery Company 300
Broadway Gear (see our ad on p. 62) 914 Gleason Corporation (see our ad on p. 56-57, 64) 423
C & B Machinery 1158 GMTK - USA 535
Canton Drop Forge 934 Great Lakes GearTechnologies, Inc. 223
Capstan Atlantic 500 GreatTaiwan Gear Ltd. 904
Carl Zeiss Industrial Metrology 759 Hainbuch America Corp. (see our ad on p. 25, 60) 600
CCE 745 Hangzhou Jie Drive Technology Co. Ltd. 805
Ceramtec NA 135 Hangzhou Xingda Machinery CO., Ltd. 544
Chamfermatic Inc. 601 Hanik Corporation 305
Changzhou Kangning Forging Co., Ltd. 855 Hankook Precision Ind. Co., Ltd. 123
China Machinery Industrial Products Co. Ltd. 704 Hans-Juergen Geiger Maschinen-Vertrieb GmbH
Chongging Xinxing Tongyong Drivetrain Co. Ltd. 952 (see our ad on p. 74) 910
Cincinnati Gearing Systems (see our ad on p. 85) 829 Harterei Reese Bochum GmbH 763
Circle Gear and Machine Company 605 HobSource Inc. 702
(see our ad on p. 111) Hoffmann Filter Corporation 1253
CJMT USA 1062 HST Otomotiv Imalat Sanayi veTicaret A.S. 1023
Cleveland Deburring Machine Company 1352 Hydra-Lock Corporation 640
Clifford-Jacobs Forging Company, Inc. 916 Hy-Pro Filtration 341
CNC Design Pty. Ltd. 933 Industrial Machinery Digest 766
Columbia Gear Corporation 730 Ingersoll Cutting Tools 235
Comtorgage Corporation (see our ad on p. 38) 1150 Innovative Rack & Gear Co. 606
Creative Automation Inc. 806 Interstate Tool Corporation 755
CSR Qishuyan Institute Co., Ltd. 1353 Involute Gear & Machine Company
Custom Gear & Machine, Inc. 1055 (see our ad on p. 22, 61) 1240
CW Bearing USA, Inc. 1358 lonicTechnologies, Inc. 967
Dalian Running Engineering Company Limited 205 Jiangsu Chixiang Precision Gear Co., Ltd. 866
Delta Gear (see our ad on p. 45) 800 Jiangyin Fangyuan Ringlike Forging & Flange Co., 705
Des-Case 935 Ltd.
Deutsche Messe Worldwide (see our ad on p. 61) 1162 Jiangyin Nangong Forging Co. Ltd. 950
DixiTech CNC 1135 JRM International Inc. 735
52 [www.geartechnology.com]
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Every day, thousands of commercial pilots around the world rely on exacting quality from
every component of their Airbus and Boeing aircraft - especially the gears which are produced
by Arrow Gear Company.

With over 65 years experience, Arrow Gear's products have been used in the most advanced
aerospace systems produced by our civilization. With a state-of-the-art production facility and
dedicated personnel who are among the best in the business, Arrow Gear offers the expertise
and precision for the most demanding quality requirements.

Arrow Gear also offers leading edge design and development capabilities
ensuring new designs meet performance specifications without costly
delays.

When you need quality, expertise, and precision,
you can rely on Arrow Gear!

The Precision Gear Specialists

7 ARROW
‘{g JGEA

Visit Arrow Gear’s
Virtual Tour at

www.ArrowGear.com/tour WWW. A
630


http://www.geartechnology.com/ctr.php?source=EGT0913&dest=www.arrowgear.com
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GEAR EXPO 2013
COMPANY BOOTH # COMPANY BOOTH #
Kapp Group (see our ad on p. 3) 611 Roto-Flo & U.S. GearTools 211
KH Gears 958 RUF Briquetting Systems 1351
Kisssoft USA LLC 717 Russell, Holbrook & Henderson 707
Klingelnberg (see our ad on the back cover) 323 S.L. Munson & Co. 71
Koepfer America, LLC 3N Saacke North America, LLC 852
Liebherr Gear Technology, Inc. 510 Sandvik Coromant (see our ad on p. 51) 335
(see our ad on p. 5, 62) Schunk 545
Ludeca Inc. 1049 Scientific Forming Technologies Corporation 1159
(o0 urad on p. AT ot | Seotforge c62
eitz
Machine Tool Builders Inc. (see our ad on p. 107) 841 - -
Mackeil Ispat & Forging Ltd. . 1034 2:2:3;}2':::‘;:_’13 Imp. & Exp. Co., Ltd. gfj
Magnetic Inspecti(?n Laboratory 948 ShinwayTransmis.sions Co. Ltd. 345
m:;‘a";scsofs;f::iitr'f” ?;‘11? Shyi Chang Enterprise Co Ltd. 960
Metal Improvement Company 604 S!nto SurfaceTreatment /01
MicroTek Finishing LLC 1249 Six Star MachlnerY Co., Ltd. 645
Miino Precision Gearing 262 Smar.‘t Manufacturln_gTechnology 304
Mitsubishi Heavy Industries America, Inc. Machine 909 2222§;t:i’ps_tece;::fg:?“ﬂa v 1504519
Tool Division (see our ad on p. 8)
Mitsubishi Materials USA Corp. (see our ad on p. 26) 649 Spencer Pettus Machine Co. 444
ML Lubrication USA, Inc. 1362 Stace-Allen Chucks, Inc. 1263
Mohawk Machinery Inc. 931 Stack Metallurgical Services, Inc. 1248
MSC Software 344 Star SU, LLC (see our ad on p. IFC-1, 29, 61, 110) 901
Nanjing Sinergy Transmission Machinery Company 966 STD Precision Gear 753
New England Gear 1029 Taiwan United Gear Co., Ltd. 962
Nichiei Co. Ltd. 644 Taiyuan Heavy Industry Co., Ltd. 540
Norton/Saint-Gobain (see our ad on p. 65, 89) 1153 Techna-Tool Inc. 440
Oelheld U.S., Inc. (see our ad on p. 59) 767 Tecsia Lubricants USA 844
Oerlikon Drive Systems (see our ad on p. 63) 117 The Modal Shop, Inc. 949
Parker Industries, Inc. 129 ThermTech of Waukesha 744
Patriot Forge Co. 867 Thermotech, Inc. 846
Paulo Products Co. 804 T-hors, LLC_ - 1250
PECO - Process Equipment Company 729 Ticona Englfleerlng Polymers (see our ad on p. 55) 1030
(see our ad on p. 37) Tokyo Technical Instruments Inc. 807
PECO - Process Equipment Company 501 (see_our ad _on p._18)
(see our ad on p. 37) Toolink Engineering Inc. 723
Peening Technologies 653 TSA America LLC 834
Perry Technology Corporation 201 United Gear & Assembly, Inc. 850
Positrol Workholding 1262 Vancouver Gear Works 1063
Power Electric 758 Viking Forge Corp. 700
Precision Gage Company, Inc. 740 Virgo Communications & Exhibitions 1051
Preco, Inc. 1359 Walker Forge, Inc. 746
Presrite Corporation (see our ad on p. 31) 823 Weko Geartechnologies Ltd. 441
Proto Manufacturing Inc. (see our ad on p. 21) 1348 Wenzel (see our ad on p. 62) 510
Pulstec Industrial Co. Ltd. 1363 Western Pegasus 449
QC American, LLC 1067 Whitmore/Air Sentry 752
Qijiang Heavy Duty Truck Gear Co. Ltd. 954 Wiseton Industries 603
R.P. Machine Enterprises, Inc. 623 World Class Plastics 868
Rave Gears 951 Wuxi Bele Industry Co. Ltd. 853
Raycar Gear & Machine Co. 1149 Yager Gear Enterprise Co., Ltd. (see our ad on p. 110) 1151
Redin Production Machine 400 YLH Machinery Parts, Inc. 968
Reishauer Corporation 1041 Zhejiang Kiyo Gears Co. Ltd. 1259
Reliance Gear Corp. 858 Zhejiang Powerbelt Co. Ltd. 849
REM Surface Engineering 217 ZVL/ZKL Bearings Corporation 840
Riley Gear Corporation 634
Riten Industries Inc. 401
Rockford HeatTreaters Inc. 1032
Rolled Threads Unlimited 349
Romax Technology Inc. (see our ad on p. 64) 607
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11cona

Performance Driven Solutions™

Ask the Ticona Gearheads”

Great Minds!
Put our polymer and application brainpower to work for you.

Ticona is the world leader in plastic gear technology. For over 30 years, our
gearheads — better known as gear technology experts — have helped to
dramatically reduce the cost, weight and noise of gear drives for
countless applications.

Great Gears!

H Reduce noise

W Boost efficiencies

B Lower cost

B Increase design flexibility

H Eliminate the need for lubricants
W Resist chemicals and corrosion

Great Polymers!

Celanex® thermoplastic polyester (PBT)
Hostaform®/Celcon® acetal copolymer (POM)
Celstran®and Compel® long fiber
reinforced thermoplastics (LFRT)
Fortron® polyphenylene sulfide (PPS)
GUR® ultra-high molecular weight
polyethylene (UHMW-PE)
Riteflex® thermoplastic polyester
elastomer (TPC-ET)
Vectra®/ Zenite® liquid crystal polymer (LCP)

visit us  Contact the Ticona Gearheads ~ cweer,

At Booth for the best polymer to fit your
1030 application at: 1.800.833.4882

www.ticona.com

9 Celanese

Ticona — A Business of Celanese

Ticona Engineering Polymers
8040 Dixie Highway, Florence, KY, USA 41042

© 2013 Ticona Except as otherwise noted, trademarks are owned by Ticona
or its affiliates. Fortron is a registered trademark of Fortron Industries LLC.


http://www.geartechnology.com/ctr.php?source=EGT0913&dest=www.ticona.com

Gleason

THE ALL-NEW 300GMS....

THE PERFECT
E

FIT FOR YOUR
METROLOGY SOLUTIONS FOR CYLINDRICAL AND BEVEL GEARS OF ALL TYPES,

GROWING
INSPECTION
CHALLENGES

Gear Functional Master Spline Gages, Gleason LeCount® 3-Jaw Software
Measuring Gauges Gears Spline Arbors Inspection Expanding
Systems Mandrels Arbors

For worldwide sales locations and additional information, visit:


http://www.geartechnology.com/ctr.php?source=EGT0913&dest=www.gleason.com

GEAR SOLUTIONS

PROVIDER

Gleason’s 300GMS® takes on the inspection challenges industry leaders
around the world face for automotive, aerospace and similar size gears.
It’s fast, affordable, and available with:

v Next Generation GAMA™ 3.0, Windows® 7
fully compatible application and
controls software

v Diagnostics & Support Module Sleason

with dual display, voice,
photo, video,
QR Code, Bar Code,
and environmental
monitoring/recording

v Surface finish
measurement

o
’ v Fine pitch measurement

No other inspection system in

its class puts so much performance Compact, highly ergonomic with variable
workstation placement; equipped with new

Diagnostics & Support Module (upper right), and
it at Gear Expo and EMO. Or visit: a wide variety of inspection capabilities.

in so compact a package. Test drive

www.gleason.com/gearexpo.

p—

Scan to Experience the
Gleason Difference

/ 4
L/ LERPD o

Hannover

See us at Booth #423 Hall 26, Booth A43

UP TO 3,000 MM IN DIAMETER

Global Service ISO 17025 Certified ity THE

: /&% TOTALGEAR I
and Support A2LA Accredited Gear .
Calibration Lab i SOLUTIONS G eason

PROVIDER

www.gleason.com . sales@gleason.com


http://www.geartechnology.com/ctr.php?source=EGT0913&dest=www.gleason.com

-show stoppers GEAR EXPO 2013 - VIP EXHIBITOR

Showstoppers!

Our special advertising section features the exhibitors you won't
want to miss at

Gear Expo and ASM Heat Treat 2015.
Gear Expo
September 17-29

ASM Heat Treating Society Conference and Exposition
September 16-18

Indiana Convention Center, Indianapolis

[www.geartechnology.com]
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®

— innovative fluid tecw
e " T apuibax L

Innovatlve
grlndlng fl@ds..

production into gear.

oelheld U.S., Inc. - 1760 Britannia Drive, Unit 1 - Elgin, lllinois 60124
phone: +1-(847)-531-8501 - fax: +1-(847)-531-8511
E-Mail: hutec-us@oelheld.com - web: www.oelheld.com

Visit us at Booth #767

GEARKING

Precision g‘;’m

HJTEC

@

CHENT/1 GEARKING

Visit us at Booth 719!
Sept 17-19 at the 2013 Gear Expo

tel: 949-579-2789 info@gearking.com

Visit us at Booth #719

www.gearking.com

Holding ,,_ért;
that make the
world'go around

Precision & Repeatability
for Demanding Ap‘ﬁlication b

At Hydra-Lock, we continue
to develop our workholding
technologies, engineering
industry’s best chucks and arbors
while providing application
support to meet the increasing
demands of industries like gear
manufacturing. Among our
many innovations are solid- and
split- steel expanding sleeve
designs, and the Conform-A®
technology - all geared to
ensure reliability and quality for
your I.D. and O.D. applications.

Originators and developers
of Hydraulic Chucking

HYDRA-LOCK

CORPORATION

www.hydralock.com

Visit us at Booth #640
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NTX2000

It's time to shift gears—by combining complex
machining processes on standard machines.

Revolutionary gear-milling solutions from DMG / MORI SEIKI USA enable
all types of gear machining with innovative milling programs and off-the-
shelf tooling—so you can slash setup times and boost profit.

| DMG [ Mok semi

www.dmgmoriseikiusa.com | 855-364-6674
SEE THE LATEST GEAR-MILLING SOLUTIONS AT BOOTH 631

Visit us at Booth #631

Specta-GEAR-lar
Booth #60 Workholding

Changing over from O.D. clamping to
|.D. clamping without disassem-
bling the base clamping device is
done in a matter of 2 minutes with
the HAINBUCH modular system.
With MANDO Adapt, just place
the mandrel in the mounted
8\ clamping device. It's a great
\ time-savings solution, not to
mention that MANDO Adapt is
extremely rigid and precise.

Visit booth #600 for
more information.

e
HAINBUCH

WORKHOLDING TECHNOLOGY

£ America

1.800.281.5734
Germantown, WI USA
www.hainbuchamerica.com

Visit us at Booth #600

60 GEARTECHNOLOGY | September 2013

GEAR
RESOURCE

TECHNOLOGIES

GEAR TOOLING

SPECIALISTS
SINCE 1997

CYLINDRICAL

-+
BEVEL
ALL PROCESSES

S o110
Visit us at Booth #750
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INVEILUTE

Gear & Machine Company

www.involutegearmachine.com

Kashifuji

100th Anniversary
GEAR HOBBING

RED RING]

GEAR HONES

OSAKA

SEIMITSU
KIKAI

GEAR INSPECTION

Celebrate with us at
BOOTH 1240

Tel +1.586.677.3910 Fax +1.586.677.3912 . sales@involutegearmachine.com
51200 Milano Drive, Suite D - Macomb, Michigan 48042 USA

Visit us at Booth #1240

lar

Solutions for
all your gear
cutting tool
needs

~
|--.!

www.star-su.com|

A A A A A A A A A A A A A A |

A A A A A A A A a

BOURN.
&KOCH;:

€= Wa? /A
_A& =5 — -—

Visit us at Booth #901

sicmA™ 7/ (S SAMPUTENSILI

Motion,
Drive &
Automation

NORTH AMERICA

International Trade
Show for Motion
Control, Power
Transmission and
Fluid Technology

September 8-13, 2014
McCormick Place
Chicago, IL

MDA
NORTH AMERICA

Visit us at Gear Expo
at Booth #1162

For more information, please
contact Aryan Zandieh at
(312) 805-8740 or
azandieh(@dhfusa.com

motiondriveautomation.com

Visit us at Booth #1162
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w Value fo

Small Gear Measuremen

Wenzel GearTec presents the new WGT 280, the first model
in a new generation of gear measuring machines with a new
industrial design. The WGT 280 extends the innovative WGT
series with a measuring machine especially designed for small
gears and rotationally symmetrical parts.

; > 3 * The high precision rotary table can be loaded with
- - parts weighting up to 50 kg.
. < * Equipped with the Renishaw SP 600 standard.
v ¢ Allows for measurements in a Z range of up to 500 mm.
* Can be equipped a with a tail stock for the accurate
measurement of shafts.

For more information visit Liebherr Gear Technology, Inc. at Booth 510 or contact them at:

Liebherr Gear Technology, Inc.
1465 Woodland Dr. Saline, MI 48176
734.944.6314 www.liebherr.us

Supplying the Best Value in
CMM Gear Inspection 3D Imaging

e = €
Ki WENZEL B
find us on : . E

facebook 28700 Beck Rd.Wixom, Michigan 48393 Ph: 248.295.4300 www.wenzelamerica.com

Visit us at Booth #510

Broadway Gear

Focus on fine module gears
Broadway Gear combines the capabilities of one for 44 yea rs

of China’s largest gear manufacturers with the
dedicated service of a Texas based sales office to
meet your precision gearing needs.

e Custom Gears

e Custom Gearboxes

e Miniature Gearboxes
e Planetary Gearboxes

Assure quality and delivery
on time with certifications.

AS9100 REV.
C:2009 +1S09001:2008

ISO/TS 16949:2009
Certificate by TUV SUD

IS0 9001-2000
Certification

Broadway Gear Inc.

4911 Olsen Drive e Dallas, TX 75227
Phone: 972-351-8737 e Fax: 972-268-9920

info@broadwaygear.com
www.broadwaygear.com

Visit us at Booth #914

(2 m)
SELL NIORE

ADVERTISE IN

Power Transmission
Engineering

to reach buyers of
gears, gear drives
and mechanical
power transmission
components.

- &y
JJU.JMJ}:Jth' J

6 SFOTIé Mos;rl
2, EATION|
mﬂq@ et |

wpowertransmission ..

Call Dave Friedman at
(847) 437-6604 or e-mail
dave@
powertransmission.com
for more information.
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Visit us at Booth #1123
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BOHLE MACHINE TOOLS, INC.
PLYMOUTH, MICHIGAN

WHEN YOU NEED SOMETHING BETTER

o
o“r

Finest German machine tool companies
Hard turning, grinding, milling and honing
Bearings, gears, shafts, worm gears and shafts, etc.
Service and spare parts supply directly from the US

= ADAMS
gen
Werkreugmaschinen
Hard machining High-Speed Lateral surface Milling-Turning-
of axially Honing grinding machines Grinding Center

symmetrical parts for complete machining

Visit www.bmtbohle.com or call us at 734-414-8220

Meet us at Booth #1152 to see the full range of our products

More than custom gears...
Engineered drive solutions.

We have been manufacturing custom gears and drives
for more than 90 years. We have over 100 engineers

on staff worldwide engaged in design and testing, and
our North American manufacturing facility encompasses
600,000 square feet of advanced machine tools with
extensive heat treatment. We have the expertise and
scale to handle your largest programs. Rely on us to
develop your custom engineered gears, components
and complete driveline solutions.

cerlikon | cerlikon
fairfield graziano

AMERICAS

U.S. 52 South / P.O. Box 7940
Lafayette, Indiana 47903
765.772.4000
www.oerlikon.com/drivesystems

Visit us at Booth #1117

4 )

SELL NMIORE
GEAR DRIVES

ADVERTISE IN

Power Transmission
Engineering

to reach buyers of
gears, gear drives
and mechanical
power transmission

components.
» " - [
f ; ARIN
[ EAILURE
BREF 5
> ::
" plelle
BERHING,ASSO > CER
A. ON SO N
< :
N
>
O

wpowertransmission ..

Call Dave Friedman at
(847) 437-6604 or e-mail
dave@
powertransmission.com
for more information.

Visit us at Booth #1123
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g
Gleason GEAR SOLUTIONS'

PROVIDER

GLEASON

POWER
SKIVING. ...

“UP.TO 8 TIMES

“E Aﬁ THAN Free Cappuccino |
APING Free Espresso
Free Latte ok

£ 3 -

Kick up yourfeet and
join us at Gear Expo

gTECHNOLOGY

Visit us at Booth #423

Solutions to drive business & sustatnability

=@
A) RomaxDESIGNER CONCEPT

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

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

CAD Dynamic

FUSION FUSION

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

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

Visit us at booth #607

EXHIBITOR
=8 Pomax w: www.romaxtech.com
Z20) TecunoLOGY e: sales@romaxtech.com Booth #1123
Visit us at Booth #607 Visit us at Booth #1123
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EXCEL GEAR, INC.

GEARS 1"-60" - AGI{IIQ\\‘B
The EXCEL promise; a

e Complete gear design, manufacturing and
reverse engineering services

¢ Gear hobbing & grinding from 1"-60"

¢ Wind turbine gear boxes, high spééd p
spindles, gimbal heads and gear boxes

e Competitive prices and quality:-gear
design and manufacturing with delivery
commitments you can count on!

A TOTAL SERVICE COMPANY
815-623-3414 BT
|

quotations@ExcelGear.com

www.ExcelGear.com

We'll excel where others fall short. »’"nf)_'

EAR;l
"gea
gTECH NOLOGY

(To AGMA 15)

¢ Internal gear grinding from 10"- 60", :

¢ Gear shaping to 36" diameter 400000 ez
(9" face width) . P

Visit us at Booth #1148

REVOLUTIONARY BOND TECHNOLOGY

NEW GENERATION,
PATENT-PENDING BOND SCIENCE.

N ENERGY

© Saint-Gobain Abrasives, Inc. 2013

Visit us at Booth #1153

QWR GEAR
The Jowrmal of Gear Manafocturing
o W

PLASTIC GEARS

METAL GEARS

LEAN
MANUFACTURING

THE GEAR INDUSTRS INFORMATION SOURCE

IMTS 2006 {

ICAL

THE GEAR INDUSTRY'S INFORMATION Sﬂllﬂ‘

o geartech nology...

Visit us at Booth #1123
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Automated Nondestructive Evaluation of
Grinding Damage and Heat Treatment

/Renew
Your
Vows

Say “| Do” to another year
of the finest technical
publication in the gear
industry. Why not stop by
Booth #1123 and update
your subscription?

Print and Digital
. Subscriptions Available
/W american stress Sign up for Product Alerts

A technologies and E-Newsletters

...a member of the Stresstech Group of companies...

!
|| L stresstech

For more information about our products and services, you can visit us at:

www.astresstech.com or call us at: 412-784-8400 Did we mention it’s free?
Visit us at Booth #306

www.emag.com

info@emag.com VERTICAL MACHINING:
SAFE AND EFFICIENT

Visit us'at |
Booth #1123

Visit us at Booth #315 Visit us at Booth #1123

THE NEW EMAG VL-MACHINES

Maximum Performance Guaranteed

66 [www.geartechnology.com]
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Reliabili tV in Motion! Dri(::;’:‘er I?Ilr::\rke:ié:'lrg

BETTER 1 01

inBevel and L‘ylmdrlcal

= T,RONGER )\ g Maghmmg Sponsored by

Engineering

/ "BEvel GFéTMachmlqg g

ttend our free
e - Abreakfast seminar
With fast-expanding production capabilities, we're a company on the move. to learn more about
Find out more at: marketing your gears

and gear drive products.
Booth #858 Learn how to build brand

identity and make use of
REARTTA (RglggtmeGear the latést ools from Pover
m¥a2013 o~ (celability in Motion Transmission Engineering,
the magazine for gear
reliancegear.com buyers.

Visit us at Booth #858 When

W n
High Precision Gears for Demanding Applications

ednesday, September 18"
8:15 am

All attendees receive a free
gift, and one lucky attendee
wins a complete advertising
program valued at $10,000

Reservation and admission
ticket required for early
entrance to show floor

RSVP - dave@
powertransmission.com
or (847) 437-6604

Visit us at

.I"\ ; | 'Y
W Booth #1123
See us fBgatll! 1923 g

Visit us at Booth #923 Visit us at Booth #1123
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BeaverMatic

5270.D./ i
4,200 Ib. gear

processedina S
BeaverMatic
Box Furnace

Visit Us o
for the Production of Bearings and Gears. ' Gear Expo Qo3

Thermal Processing Equipment

Reliable, flexible solutions
with repeatable results - Heat Treatmg \271:?1 Conference
backed by an unmatched Exposition

reputation for quality. _
. Strength an% Innovation 50ML/ ’52(?
ince 1916.

- ;':.n..___, N, of o ——_ _
y S, . 7 = h
= — ' J— '
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Visit our heat treating experts in Booth #1723 Visit us at ASM Booth #1529
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Are you stumped by gear-related
problems?

We'll send your question to our panel
of experts and get it answered.

Visit our booth and submit your question in

person or go online to www.geartechnology.com/
asktheexpert.php

Visit us at Booth #1123

TECHNOLOGY
CALL FOR PAPERS

(live and in person!)

Do you have an idea for an article in Gear Technology?

Stop by Gear Expo booth #1123 for a free consultation
with our editors.

We'll help you transform your ideas into reality:

e Technical Articles
e Case Studies

* News

e Events

WWW.
geartechnology
.com

If it's relevant to the gear industry, we want to cover it!

Visit us at Booth #1123
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Scanners o Lift & Rotates
Single Shot a Tooth by Tooth
Quality Monitoring Systems

Used Equipment a Development

Inductor Design / Repair

INDUCTION
SOLUTIONS

www.ajaxtocco.com
Warren, OH USA 44483
+1-330-372-8611
24/7 Assistance +1-800-547-1527
Thank You for visiting Heat Treat 2013

Visit us at ASM Booth #1923
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New Technology Roll Call

Exhibitors target heat treat advancements at ASM/Gear Expo

Matthew Jaster, Senior Editor

Co-located once again with Gear Expo
is Heat Treat 2013, the 27th ASM
Heat Treating Society Conference and
Exposition. ASM welcomes innova-
tors, influencers and decision makers in
the heat treating industry for a mix of
education, technology and networking
opportunities. Above all else, the exposi-
tion floor is an opportunity for gear and
heat treat attendees to discuss the tech-
nologies that are changing the industry
in 2013. Gear Technology asked heat treat
exhibitors from both show floors (Gear
Expo/ASM) to discuss some of the key
heat treat products that will be on dis-
play in Indianapolis. Many exhibitors
will also be presenting educational ses-
sions during the show.

“The ASM Heat Treat/Gear Expo 2013
show will be a great experience for those
who visit our booth. They will have the
chance to interact with Ipsen in a fun
way, and maybe even win some prizes,
while learning about our specific offer-
ings in equipment, controls and service,
as well as our new product developments
and our global support network,” says
Geoffrey Somary, president and CEO at
Ipsen. “We will be featuring some excit-
ing new technologies for gear manufac-
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Heat Treat 2013

27th ASM Heat Treating Society Conference and Exposition
September 16-18,2013

Indiana Convention Center, Indianapolis
www.asminternational.org/content/Events/heattreat

The ASM Heat Treating Society Conference and Exposition is once again co-located
with AGMAs Gear Expo. This year’s show celebrates the 100th anniversary of the
ASM Heat Treating Society, which began as the Steel Treaters Club in Detroit.

In addition to a comprehensive technical program, the conference will include
three special “Heat Treating Master Series” sessions that will focus on heat treating
pioneers whose research transformed heat treating technology. The sessions will
include lectures by current experts in the heat treating field on the contributions
and impact of past heat treating giants Walter Jominy, Marcus Grossmann and
Edwin Northrup.

The technical program runs from September 16-18, but the exhibition hall is
open only Tuesday, September 17 (9 a.m. until 6 p.m.) and Wednesday, September
18 (9 a.m. until 5 p.m.). Note that the Gear Expo portion of the exhibition hall is
open one additional day— Thursday, September 19.

For more information, visit www.asminternational.org/content/Events/heattreat.

turers and we will have experts available
to offer in depth information on those
new technologies and product offerings.”

These featured technologies cover a
vast range of Ipsen’s premium vacuum
and atmosphere product lines includ-
ing, but not limited to, the AvaC pro-
cess for vacuum carburizing with acet-
ylene, ideal for incorporation into
their TurboTreater and vacuum oil or

gas quench furnaces, and Atlas inte-
gral-quench atmosphere furnace.
Additionally, furnaces well-suited for
low-pressure carburizing, such as the
Turbo2 Treater, will also be represented.

Additionally, at the ASM conference
surrounding the show, Ipsen will pres-
ent two topics of interest to the gear
industry entitled “Redefining Quenching
Technology” and “Bright Tempering:
Achieving High-Quality Appearance
During Tempering” where experts will
discuss a new set of definitions for gas
quenching and describe how to reduce
cycle time while increasing uniformity
through the use of both vacuum and
convection heating, respectively.

Inductoheat, Inc. will again be high-
lighting the latest advancements in
induction heating technology and intro-
ducing attendees to the new Statipower
IFP (Independent Frequency & Power)
power supply.

“Specifics of gear geometry demand
a particular process control algorithm
of induction hardening. In the past, the
process control recipe was limited to
an available variation of power and fre-
quency vs. heat time. Recent innovations
bring unique ability of novel inverters
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to independently control both power
and frequency during static hardening
or scan hardening operations, which
optimizes electromagnetic and thermal
conditions at initial, intermittent and
final stages of tooth hardening,” says Dr.
Valery Rudnev, director of science and
technology for Inductoheat.

“As an example the Statipower IFP
inverter provides the ability to inde-
pendently change during heating cycle,
the frequency and power. This capabil-
ity represents the long-awaiting dream
of commercial induction heat treaters,
since it provides the greatest process
flexibility. Statipower IFP is a unique-
ly designed IGBT-type power supply
oriented for induction surface hard-
ening applications, allowing indepen-
dently adjustable frequency via CNC-
program in a 5-40 kHz frequency range
and power in the range of 10-360 kW.
This concept substantially expands heat
treat equipment capabilities for process-
ing parts by programming power and/
or frequency changes on the fly, optimiz-
ing hardening gears of different modules
with various tooth geometries,” he adds.

On Monday, September 16", Rudnev
will be giving his presentation titled,
“Novel User-Friendly Computer
Modeling for Induction Heating and
Heat Treating” The presentation number
is 34660 and it will take place from 10:30
a.m. to 11:00 a.m. In addition, Robert
Madeira, vice president of heat treating,
Inductoheat Inc. will be giving his pre-
sentation titled, “Induction Hardening

of Steel and Cast Iron Components” The
presentation number is 34661 and it will
take place from 9:00 a.m. to 9:30 a.m.
Surface Combustion boasts more than
645 patents and 75 registered trademarks
and will be showing off a few of its tech-
nical accomplishments during the show.
“Surface Combustion offers one of the
most complete lines of heat treating
equipment for gear manufacturers. This
includes vacuum processing, atmosphere
processing, carburizing and nitriding,
including designs from small batch sys-
tems to fully automated high volume

continuous furnace systems,” says John
Gottschalk, director engineered prod-
ucts at Surface Combustion, Inc.

Eldec LLC will be featuring new heat
treating solutions for gears and shafts.
“We are introducing the MIND-M, a
compact induction heat treating system
that you will want to see for your lean
production requirements,” says Mark
Davis, sales engineer at Eldec. “The
Eldec MIND-M is the compact, small-
er sibling of the full-featured MIND
Modular Induction Hardening System
from Eldec. The eldec MIND-M Flexible

WE'VE GOT YOU COVERED

CONTACT AND NON-CONTACT METROLOGY SOLUTIONS BUNDLED TO ADDRESS

TRUE COST OF OWNERSHIP

Your ultra-precise part inspection process demands the best. But the cost of ownership issues
drives a strong bottom line focus as well. Our Gold Care Program lets you achieve both.
Simply it's the packaging of our industry leading Coordinate Measuring Machines and Vision
Measuring Systems paired with productivity enhancing products and services. Packages are
valued at up to $20,000 and bundled at our base machine price.

To learn more visit MITUTOY0.COM/GETGOLD or call 888-MITUTOYO.

Included in the Gold Care Program

e A “Second Year” Extended Warranty
e Two-year “Bronze” Calibration Agreement*
 Five-year Software Technical Phone Support

o MeasurLink® Pro Edition Quality Data Management Software*

o MITUTOYO Eco-Fix® or Opti-Fix® Starter Fixture Kit

o MITUTOYO Starter Stylus Kit (Included with Touch Probe Machines)

Qualifying machines include CRYSTA APEX S 500/700/900/1200, CRYSTA-PLUS MANUAL 500/700, QV-APEX

302/404/606 and QV-APEX 302TP/404TP/606TP
* Not included with the CRYSTA-PLUS MANUAL 500/700

CMM e VISION ¢ FORM AND FINISH ¢ PRECISION TOOLS AND INSTRUMENTS e DATA MANAGEMENT
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Integrated System is a complete, inte-
grated, lean system for your induction
hardening application — or any other
induction heat treating process for low-
volume parts. The energy source is inte-
grated into the machine base with active
coolant and quench system (if needed).”
The MIND-M can be transport-
ed “as is,” featuring the smallest foot-
print of any complete system up to 150
kW Medium Frequency (MF) or 30 kW
High Frequency (HF). The spacious
working area allows for different mod-
ules and workholding devices to be free-
ly positioned. This creates flexibility for
various work parts and applications.
ALD-Holcroft will be discussing both
its ModulTherm and SyncroTherm
processes during the show. The
ModulTherm allows power consump-
tion to resemble actual production levels
instead of full power and SyncroTherm
offers one-piece-flow that can keep pace
with gear cutting equipment or can be
operated as a high speed, small batch
furnace. “Holcroft will be providing an
‘open tap each afternoon of the Gear
Expo,” says Bill Gornicki, VP sales

NEW TECHNOLOGY ROLL CALL

and marketing for ALD-Holcroft. “We
encourage all participants to stop by for
a cold beer and open discussion on heat
treatment of gears”

Solar Manufacturing will pres-
ent a full-scale display of its new and
improved 2IQ production vacuum fur-
nace. Its innovative design gives fast,
powerful quenching with the low resis-
tance and high efficiency gas flow. A 150
hp motor drives a high-speed turbine
fan to recirculate the quench gas straight
through the water-to-gas heat exchang-
er and then into the hot zone at high
velocity. Tapered graphite gas nozzles
are specifically directed at the workload
for optimal cooling. The high-tech Solar
PowerSave Hot Zone reduces heat loss
and operating expenses.

Raytek, a provider of infrared ther-
mometry, recently enhanced its modular
MI3 system by adding new communi-
cation boxes for integrating the digi-
tal temperature sensors into the con-
trol level. In addition to Profibus and
Modbus units, and a version with four
galvanically isolated analog outputs, new
options include a robust die-cast zinc
housing and 6TE DIN rail
housing. The new Profinet
boxes are suitable for time-
critical applications as they
can transmit data to a higher-
level PLC in real time. The
Ethernet version features a
64 MB data logger that can
store up to 24 days of record-
ed data at a 1 s saving inter-
val. It supports TCP/IP4 and,
based on an integrated HTTP
server, provides its own land-
ing page with direct access
to the temperature data, as
well as product information
and manuals via any standard
internet browser. A user-
friendly control panel and a
large LCD display facilitate
on-the-spot configuration of
functions, such as peak and
valley hold, as well as intelli-
gent averaging.

The Datatemp Multidrop
software for remote operation
and configuration is available
free of charge. The MI3 sys-
tem entails minimum com-
missioning costs per mea-
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surement point since up to eight sen-
sors can be connected to one commu-

nication box. Users can choose freely
from the whole MI3 program: all sensors
and boxes are compatible. Automatic
head detection enables comfortable
plug and play. Various spectral mod-
els, high data quality, and the wide tem-
perature range from -40 to 1,800°C
(3,272°F) make the MI3 system a solu-
tion for many applications, especially in
process monitoring. Raytek Corporation
will be presenting “Every Plant Needs an
Ally” at the Solutions Center at 3:00 p.m.
Wednesday, September 18",

Nitrex Metal Inc. began with a range
of gas nitriding technologies but through
the years the company has developed
other heat treating processes and prod-
uct lines. R&D efforts in technolo-
gies, equipment and process controls
include software development, safe-
ty measures and the design and imple-
mentation of environmental protection
equipment. During the ASM show, Jack
Kalucki and Dimitri Koshel will present
“Influence of Steel Surface Conditions
on the Nitrogen Uptake during Gaseous
Nitriding Process” from 8:00 - 10:00
a.m. on Tuesday September 17",

Known for the Internal Quench
Furnace with Beaver Ram transfer sys-
tem, BeaverMatic’s product line includes
temper furnaces, washers, endothermic
gas generators, box furnaces, pit furnac-
es, continuous roller hearth and pushers,
carbottom furnaces, and tip up furnaces.
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The equipment is designed and manu-
factured to meet customer’s specific pro-
cess, throughput, time line, and budget
for the aerospace, automotive, agricul-
ture, defense, energy, power transmis-
sion, medical, petroleum, and transpor-
tation industries.

Today, BeaverMatic’s commitment to
extensive in-house capabilities assures
customers product quality and depend-
ability. BeaverMatic’s in-house capa-
bilities start in the design engineering
department and continue with layout,
bending, cutting welding, assembly and
finishing. The latest tooling and fab-
rication equipment promotes volume
in-house production, while preserving
attention to such details as removing
sharp edges from metal surfaces. Rigid

control over the quality of basic parts,
components and assemblies is one of the
many advantages that BeaverMatic cus-
tomers know and appreciate.
BeaverMatic will feature the vari-
ous Internal Quench Furnace config-
urations currently available. Known
for its reliability since the early 1960s
which it was first introduced, this fur-
nace has a unique design concept that
focuses on three basic objectives: 1) ease
of operation, 2) maximum uptime, and

3) the ability to meet specific custom-
er needs. The company will also fea-
ture the original Jack Beavers IQF with
Rams as well as the Straight Through
Single- and Two-Chamber IQFs and In/
Out IQFs with Push-Push Load Transfer
Mechanisms.

Partnering Up for Education

The Solutions Center will offer indus-
try presentations throughout the week
focusing on real world problem solving
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for specific manufacturing techniques,
products and technologies. Topics on
the heat treat side include atmosphere
troubleshooting, practical applications
of heat treat process modeling, flame-
hardening in the 21* century, real time
carburizing, heat treatment of steel alloys
and more. The Technical Program will
include topics on brazing, cryogenics,
emerging technology, induction heat-
ing, nitriding and carburizing, quench-
ing, vacuum technology and equipment
innovations, to name a few. (Please note
that the presentations and programs are
subject to change prior to the show).

Once again, ASM and Gear Expo
will offer a joint education course that
begins with gear materials in the morn-
ing and heat treatment in the afternoon.
Additionally, plans have already been
confirmed for Gear Expo and Heat Treat
to collaborate once again for the 2015
show, according to Jenny Blackford,
AGMA director of marketing and com-
munications. “This has been a success-
ful collaboration so far and wed like to
continue to work with the ASM in the
future?

NEW TECHNOLOGY ROLL CALL

Industry presentations throughout the
week at the Solution Center will give
attendees the opportunity to see the lat-
est manufacturing technologies and
techniques from both the heat treat and
gear industries.

“I really like the addition of the
heat treatment exposition,” says Tony
Werschky, sales manager and partner
for Delta Gear. “The two expos comple-
ment each other well and we truly have
an interest in expanding our knowledge
of the heat treat process. We have many
times considered adding heat treatment
to our core competency. The majority of
our gears are heat treated and the new
technology for heat treatment is ever
changing” (&}

For more information:
ALD-Holcroft (booth #1723)
Phone: (248) 668-4130

sales@ald-holcroft.com
www.ald-holcroft.com

BeaverMatic (booth #2016)
Phone: (815) 963-0005
sales@beavermatic.com
www.beavermatic.com

Eldec LLC (booth #1035)
Phone: (248) 364-4750
info@eldec-usa.com

www.eldec-usa.com

Inductoheat Inc. (booth #1701)
Phone: (248) 585-9393
sales@inductoheat.com
www.inductoheat.com

Ipsen USA (booth #1529)
Phone: (815) 332-4941
sales@ipsenusa.com
www.ipsenusa.com

Nitrex Metal, Inc. (booth #1829)
Phone: (514) 335-7191
nitrex@nitrex.com
www.nitrex.com

Raytek Corp. (booth #1606)
Phone: (800) 227-8074
support@raytek.com
www.raytek.com

Solar Manufacturing (booth #1513)
Phone: (267) 384-5040
info@solarmfg.com
www.solarmfg.com

Surface Combustion Inc. (booth #1601)
Phone: (419) 891-7150
www.surfacecombustion.com

High quality used machine tools
from Germany since 1968.
Please visit our showrooms:

7000 sqm display area with more than
600 machines in best condition.

HANS-JURGEN GEIGER

Maschinen-Vertrieb GmbH

HANS-JURGEN GEIGER

James-Watt-StraRe 12

D-72555 Metzingen (Germany)

Phone +49(0)7123/ 18040
Fax +49(0)7123/18384

www.geiger-germany.com

Maschinen-Vertrieb GmbH

E-Mail: geiger@geiger-germany.com

MIKRON
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ELB | NAGEL
SCHAUDT
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KARSTENS
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INDEX | ZEISS
BOEHRINGER
GILDEMEISTER
SCHUTTE
AGIE | SCHULER

Gear cutting
machines:

LORENZ | HURTH
PFAUTER | KAPP
KOEPFER | NILES
LIEBHERR
REISHAUER
LINDNER
KLINGELNBERG
GLEASON
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L FOMET)

b-werk.de
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dalpHolcroft

Vacuum Furnace Innovations
Providing Profitability Through Technology

Innovative vacuum furnace technologies

available for every production requirement.

ModulTherm®.....high volume production designed for
incremental growth.

SyncroTherm®...high profits by synchronizing
with machining centers.

DualTherm®........ high performance via separate
heating and quenching chambers.

Mono Therm®......high flexibility with a variety of
processes and configurations. ALD-Holcroft Vacuum Technologies

49630 Pontiac Trail
Wixom, MI 48393-2009 USA
Ph: 248.668.4130
Fx: 248.624.3710
E-mail: sales@ald-holcroft.com
www.ALD-Holcroft.com
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ASM MAP AND LISTINGS

ASM HEAT TREATING

September 17-18
Indiana Convention Center, HALL H
www.asminternational.org
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COMPANY NAME BOOTH # COMPANY NAME BOOTH #

Abbott Furnace Company 2100 Control Concepts, Inc. 1931
Across USA, Inc. 1834 Cooley Wire 1714
Adv.anced Corporation for Materials & 2210 CoorsTek Technical Ceramics 1928
Equipments Cornerstone Systems Inc. 1611
AFC-Holcroft (see our ad on p. 68) 1723 Dante Software 2014
AFFRI Inc. 2105 Datapagq, Inc. 1608
Air Products 1812 DF Fan Services, Inc. 2128
Airflow Sciences Corporation 1831 DMP CryoSystems 2139
AjaxTocco Mangethermic Corp. 1923 Dry Coolers Inc. 1710
(see our ad on p. 69) ECM USA, Inc. 1917
Alcera (Suzhou) Co., Ltd. 2133 Edwards 1734
Allied HighTech Products Inc. 2227 EFD Induction 2117
Alloy Engineering Company 2206 Electrical Carbon business of Morgan Advanced |
Ambrell — An Ameritherm Company 2102 Materials

Ametek Land 2113 Flame Treating Systems, Inc. 1509
ASM International 2237 Fluxtrol, Inc. 1623
Avion Manufacturing 2202 Fuji Electronics Industry Co., Ltd. (Fuji Denshi) 1939
BeaverMatic, Inc. (see our ad on p. 68) 2016 Furnace Parts LLC 2012
C.l. Hayes, A Gasbarre Furnace Group Company | 1811 Gear Solutions 1846
Can-Eng Furnaces International Limited 1817 Gefran, Inc. 2136
Carbon Composites Inc. 2027 GeoCorp, Inc. 1706
Carlisle Brake & Friction Carbon Group 2118 GH Induction Atmospheres LLC 2124
Castalloy, Inc. 1935 GM Enterprises 2003
CES Processing Solutions 1832 Graphite Metallizing Corporation 1816
Cleveland Electric Labs 1625 Great Lakes Vacuum, LLC 2216
CMI Industry Americas 1833 H.C. Starck 2226
Coherent, Inc. 2029 Heess GmbH & Co. KG 2023

The difference between safe and dangerous can often
be invisible to the naked eye. That’s why you need the
absolute precision of PTG Holroyd Precision.

Incorporating Holroyd, Binns & Berry, Crawford Swift,
PTG Heavy Industries and Precision Components,

G Part of the CQME
'@ Group of Companies

DANGEROUS

=

HOLROYD
PRECISION

Precision Technologies Group (PTG) is a world leader Holroyd Precision Ltd

in milling and grinding technologies, special purpose

machine tools and ultra precision components for HVAC, +44(0)1706 526590

aerospace, motor racing, medical, marine, steel, oil and gas. _4“44 (0)1706 353350
info@holroyd.com

For absolute precision, choose PTG Holroyd Precision.
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ASM MAP AND LISTINGS
COMPANY NAME BOOTH # COMPANY NAME BOOTH #

Herakles, Safran Group 2218 Metal Treating Institute 2231
Higuchi Inc. USA 1746. Metallurgical High Vacuum, Inc. 1639
Horiba Scientific 1718 Nabertherm 1613
Houghton International Inc. 2123 Nitrex Metal Inc. 1829
IBC Co_atlngsTechno.Iogles, Inc. 2223 North American Cronite Inc. 2211-
Induction HeatTreating Corp. 2116 2213
InductionTooling, Inc. 1728 O’Brien & Gere/DentonTSlI 2041
Inductoheat (see our ad on p. 81) 1701 Oerlikon Leybold Vacuum 2214
Inductotherm Group 1701 OmegaVac Vacuum Products LLC 1740
Industrial Heating 2215 Paragon Industries, L.P. 2010
INEX Incorporated 2019 Park Metallurgical 1906
Invensys Eurotherm 1635 ParkThermal International (1996) Corp. 2101
Ipsen (see our ad on p. 19, 68) 1529 Pfeiffe!‘Vacuum 2230
J.L. Becker, A Gasbarre Furnace Group 1813 PhoenixTM LLC 1840
Company Praxair, Inc. 1733
Jensen Industries, Inc. 2025 Proton OnSite 1914
Kingway Neating Alloys Factory 2233 PVATePla AG 1747
Kintner 2236 PVT 1701
Kurt J. Lesker Company 2200 Pyro Shield, Inc. 1645
L&L Special Furnace Co., Inc. 1629 Pyromaitre Inc. 2037
LECO Corporation 1822 Qingdao Hexin Machinery Co., Ltd. 2206
Lindberg/MPH 1741 Qual-Fab, Inc. 2017
Lumec Control Products, Inc. 2112 Radiofrequency Safety International (RSI) 2212
Material Interface, Inc. 2131 Radyne Corporation, An Inductotherm Group 1701
McDanel Advanced Ceramic Technologies 1909 Company :

McLaughlin Services, LLC 2110 Raytek Corporation 1606
Mersen USA 2129 Rhenium Alloys Inc. 1903
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® CNC hypoid testers,
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i toom chamfering
mraehine and,
o Their auxiliary machines.

Tianjin No.1 Machine Tool Works
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Add: 146 ,Jintang Road Hedong District, Tianjin, China. | Tel: 86-22-24932536 | Fax: 86-22-24390644 | E-mail: sales@tmtw.com | www.tmtw.com
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For gears they can
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a heat treater that
you can rely on.

At Solar Atmospheres, your critical specs get the
specialized expertise they deserve. From stress relief to
case hardening, we'll help assure that your gears can

go the distance. Precise carbon control and aerospace- ATMOSPHERES
qualified pyrometry produce uncompromised quality. www.solaratm.com
Harness our leading-edge vacuum technology to improve 1-855-WE-HEAT-IT

the uniformity of your case depths, minimize distortion
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ASM MAP AND LISTINGS

A quantum leap for
the overall inspection
of hob cutters!

The »hobCheck« combines leading ZOLLER measu-
ring technology with the proven user-friendly and
worldwide unrivalled software »pilot 3.0«.

Worldwide unrivalled
software »pilot 3.0«

»hobCheck«

You want
to know more?

JIUIER

www.zoller-usa.com expect great measures
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COMPANY NAME BOOTH #
Rock Valley Qil & Chemical Co. 1835
Rohde GmbH 1933
Rolled Alloys, Inc. 2002
1913-
Saet S.p.A. 1915
SBS Corporation 1717
Seco/Warwick 1715
SGL Group — The Carbon Company 1724
Shenyang Tianxing Testing Instruments Co., Ltd. 2109
Shijiazhuang Zhongqging Import and Export Co.
Ltd. 2033
Sinterite, A Gasbarre Furnace Group Company 1813
SMS Elotherm North America 1523
Solar Manufacturing (see our ad on p. 79) 1513
Spinworks International Corporation 2138
Stand Energy Corporation 1730
Struers Inc. 2143
Super Systems Inc. 1501
Surface Combustion, Inc. 1601
TAV S.p.A. 2015
Tech Induction 1523
Technical Cerami_cs business of Morgan 2103
Advanced Materials
Televac, a Division of The Fredericks Company 1507
Tenaxol 1801
Tenova Core 1617
The Industrial Heating Equipment Association 1844
Thermal Care, Inc. 1905
Thermal Ceramk.:s business of Morgan 2103
Advanced Materials
Thermo-Calc Software 1735
Throughput | Bluestreak 2122
Tinius Olsen 2132
Tokai Carbon USA, Inc. 1715
ToyoTanso USA 2126
Trillium 1631
United Process Controls 1823
Vac Aero International Inc. 1818
Wellman Furnaces, Inc. 1607
Williams Industrial Service 1713
Wirco Incorporated 1916
Wuxi Fort International Trading Co., Ltd. 1841
YRC Freight 2228
Zircar Refractory Composites, Inc. 1934
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How to Inspect a Gearbox

Jane Muller and Robert Errichello

(Gear Technology thanks Noria Corporation and Machinery Lubrication

magazine for permission to reprint this article.)

Although a comprehensive on-site gearbox inspection is desir-
able in many situations, there may be constraints that limit the
extent of the inspection such as cost, time, accessibility and
qualified personnel.

Cost and shutdown time might be perceived as prohibitive
by management, but catching a problem in its earliest stages
can save time and money in the long run. While it may seem
too difficult to do a comprehensive inspection, a simple visual
inspection of gear contact patterns through an inspection port
can prevent future catastrophic failures. If in-house inspection
expertise is not available, an expert can be hired to perform the
inspection and train personnel.

Overcoming constraints in order to allow an inspection can
help to extend gearbox life and avoid catastrophic failure. This
might also save time, money, injury to personnel and damage to
adjacent equipment.

This article describes the equipment and techniques neces-
sary to perform an on-site gearbox inspection.

Getting Prepared: Good Housekeeping is Essential
Before beginning an inspection, prepare an inspection form for
documenting your observations. It should be designed for your
specific application. Next, assemble the necessary equipment
(see sidebar on page 14).

There are several sources of gearbox contamination, includ-
ing those that are built-in, internally generated, ingressed, and
added during maintenance. Many gearboxes operate in dirty
environments. Therefore, good housekeeping methods should
be used during inspections. Areas around inspection ports
and other openings should be cleaned before they are opened.
Inspectors should take care not to drop anything into the gear-
box. Shirt pockets should be empty and tools should be stored
in a tool belt. Ports should never be left open during breaks and
should be closed and secured after the inspection is complete.

Walk-around visual inspection. You should perform a thor-
ough external examination before the gearbox inspection port
is opened. Use an inspection form to record important data that
would otherwise be lost once cleaning is completed. For exam-
ple, before cleaning the exterior of the gear housing, inspect it
for signs of overheating, corrosion, contamination, oil leaks and
damage. Measure the tightening torque of structural fasteners
that carry significant loads, such as torque arm bolts. Look for
evidence of movement, including cracked paint or fretting cor-
rosion at structural interfaces. Note the condition of the fasten-
ers and inspect load-bearing surfaces of components for fretting
corrosion or other evidence of movement.

Detecting Overheating

The following are signs of overheating:
« Smoke from shafts, seals or breathers
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Figure 1 Cracked paint at torque arm interface indicates movement;

a=45° direction of cracks; b=suggests component on right
moved downward, relative to component on left.

Figure 3 Severe misalignment can cause macropitting on helical
pinion gears.
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o Discolored or burnt paint on housings

« Water sprayed on the housing or shafts evaporates quickly,
boils or crackles

o Temper colors on unpainted surfaces

o Melted plastic components, such as shipping plugs

o Low oil level in sight glass or on dipstick

« Dark oil in sight glass or on dipstick

« Foam in sight glass

 Water in sight glass or sludge on filter element (may indicate
oil cooler failure)

o Metal chips on magnetic plugs, chip detectors or filters (may
denote gear or bearing failure caused by overheating)

Methods for Inspecting a Gearbox Visual walk-around
« Visual inspection through inspection ports
» Borescope inspection
o Measure temperature
- Thermometers
- Resistance temperature detector (RTD) probes
- Thermography
o Measure oil pressure
« Measure sound and vibration
o Inspect filter elements Inspect magnetic debris collectors
« On-site analysis of lubricant
o Laboratory analysis of lubricant
« Magnetic particle inspection of gears
« Dye penetrant inspection of gears
o Documenting gear condition
- Written
— Sketches
- Photography
- Contact patterns

To help you detect overheating, use this checklist:

« Visually inspect the gearbox exterior for signs of overheating.

o Record temperatures from gearbox thermometers, thermo-
couples or resistance temperature detectors (RTDs).

o Measure oil sump temperature.

« For pressure-fed systems with an oil cooler, measure temper-
ature at the gearbox oil inlet and outlet, as well as the cooler
water inlet and outlet.

« Estimate gearbox housing and shaft temperatures using water
spray.

o Survey the gearbox housing temperature by touching it with
the palm of your hand and using temperature-sensitive paint,
crayons and labels, or a digital thermometer probe.

o Check the gearbox housing temperature using an infrared
thermometer or infrared imaging camera.

o Analyze gearbox oil for signs of oxidation or thermal degra-
dation using on-site and laboratory tests.

« Analyze gearbox oil using particle counters, spectrometric
analysis and ferrography to detect wear debris.

« Inspect internal gearbox components through inspection
ports for signs of overheating, misalignment, inadequate
backlash, inadequate bearing endplay or oil oxidation.

« Measure gearbox sound and vibration and compare to allow-
able limits.

Inspect the breather. The breather should be located in a
clean, non-pressurized area away from contaminants. It should
include a filter and desiccant to prevent ingress of dust and
water. Also, ensure that the breather is shielded from water dur-
ing wash-downs.

an unpainted gear.

Figure 4 No-load contact pattern transferred to

Check shaft seals. Look for oil leaks at the shaft seals. If there
are signs of oil leakage, the seals are probably allowing ingres-
sion of dust and water. If the gearbox has labyrinth seals, it
should have external seals such as V-rings to prevent contami-
nant ingression.

Inspect structural interfaces. Figure 1 shows cracked paint
at an interface, which indicates there was movement. The 45°
direction of the cracks suggests the component on the right
moved downward relative to the component on the left.

Examine through inspection ports. Examine the inspection
port cover and determine whether all bolts are tight and the
cover is properly sealed, or if there is oil leakage. Only qualified
personnel should be allowed to open inspection ports; in some
cases it is necessary to secure the ports with padlocks to enforce
security.

Clean the inspection port cover and the surrounding area.
Remove the cover, being careful not to contaminate the gearbox
interior. Count the bolts and store them in a separate container
so there is no chance they will fall into the gearbox. Observe the
condition of the gears, shafts and bearings.

If the gears or bearings are damaged but still functional, man-
agement may decide to continue operation and monitor dam-
age progression. In this case, the gear system should be con-
tinuously monitored. You should also make certain there are no
risks to human life.

For critical applications, examine the gears with magnetic
particle inspection to ensure there aren’t any cracks that prevent
safe, continued operation. If there are no cracks, you should
periodically perform a visual inspection and measure tempera-
ture, sound and vibration.

Collect samples of the lubricant for analysis, examine the oil
filter for wear debris and contaminants, and inspect magnetic
plugs for wear debris.

The best place to take an oil sample from a gearbox is as
close to the gearset as possible. Using a minimess (Ed.s note:
Hydrotechnik’s patented ball sealing threaded test point and plug-
in coupling) sample port with tube extension will allow you to
mount the sample port in the drain and manipulate the tube so
that it terminates exactly where you want it.

The rule of thumb for installing sample port tube extensions
is to keep the end of the tube at least two inches away from any
static or dynamic surface.
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You will need to flush the entire combination of tube exten-
sion, minimess sample port, sample port adapter and sample
tube before you take your sample for analysis. Flush at least 10
times the volume of all the components prior to taking the sam-
ple for analysis. This typically works out to three or four ounces
of fluid for a sample port with a tube extension of 12 inches.

To prevent further damage to the gears and bearings from
wear debris, replace the filter element and then drain, flush and
refill the reservoir with new lubricant. Continue to monitor
lubricant properties during operation and repeat the mainte-
nance if necessary.

If cracks are found or the damage is severe enough to warrant
removal of the gearbox, measure shaft coupling endplay and
alignment before removing the gearbox. Note the condition and
Figure 5 Different sector of unpainted gear revealed. loosening torque of fasteners, including coupling and mount-
ing bolts. To check for possible twist in the gear housing, install
a dial indicator at each corner of the gearbox and then measure
movement of the mounting feet as bolts are loosened. If there’s
no twist, each indicator will record the same vertical move-
ment. If there is twist, calculate the twist from relative move-
ments.

If no obvious damage is detected, document the condition
of gears and bearings with photographs, sketches and written
descriptions. Also, record gear tooth contact patterns for future
TR reference (see Recording Gear Tooth Contact Patterns section).
et My Equipment to Use for a Gearbox Inspection Toothbrush for
wn book laga contact patterns
« PT-650 tooth marking grease for no-load contact patterns
o DYKEM layout lacquer for loaded contact patterns
o 6-inch, medium-mill bastard file for recording graphite con-

tact tapes
« Drafting pencil with 2H lead for recording graphite contact

tapes
« Utility knife with scissors for recording contact tapes
o Scotch No. 845 book tape for recording contact tapes
o 0.03mm and 0.04 mm shims
o Felt-tip paint marker
« Earplugs
« Sweatband
o Tool belt
Figure 6 Documentation of no-load contact patterns. o Metric/inch tape measure
o Tweezers
o Spatula
o Telescoping magnet
o Leatherman “super tool”
« High-intensity LED flashlight
o Fiber-optic attachment for LED flashlight
o 6-inch metric/inch scale
o 3.5-inch magnifier
+ 2-by-3.5-inch telescoping mirror
« 30x Panasonic light scope microscope
 Torque wrench
o Dial indicators with magnetic bases
o Inspection forms
o Lubricant sampling equipment
« Baggies and tags for specimens
o Micrometers
» Borescope
o DSLR camera with close-up flash
o Sound meter
« Vibration probe

SURIECT LS GEAR CONTACT PATTERNS nev DATH
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« Digital thermometer
« Infrared thermometer or infrared imaging camera

Measure gear backlash and shaft endplay. Measure gear
backlash by mounting a dial indicator so it is similar to a pinion
tooth profile; block the gear to prevent its rotation and rock the
pinion through the backlash.

To measure shaft endplay, mount a dial indicator at the end
of a shaft and move the shaft in the axial direction. In most
cases, this requires a fixture with a ball bearing on the central
shaft that allows pushing and pulling the shaft while it is rotated
to seat the bearing rollers.

Gear mesh alignment. Gears have maximum load capacity
when the gear shafts are perfectly aligned and the transmitted
load is uniformly distributed across the entire active face width.
Unfortunately, many factors, such as design issues, manufac-
turing accuracy, deflections, thermal distortion and external
effects may combine to cause misalignment of the gear mesh.
The result is that the gears are misaligned and the load distribu-
tion is not uniform.

Gear tooth contact patterns. It is important to inspect gear
tooth contact patterns because they can disclose gear mesh mis-
alignment. The inspection should be done during commission-
ing of the gearbox to catch misalignment before it causes dam-
age. Inspections should be regularly repeated to determine any
changes in contact patterns caused by problems such as bearing ~ Figure 8 Pattern recorded at 100 percent load.
failure.

What to look for. Watch for heavy contact at the edges of the
contact area — especially at each end of the pinion and gear

CINCINNATI GEARING SYSTEMS i 2

POWER TRANSMISSION SYSTEMS Zhsec
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Cincinnati Gearing Systems AT gearsales@cst-c.com
P: 513-527-8600 | F: 513-527-8635 %p www.cincinnatigearingsystems.com
5757 Mariemont Ave. Cincinnati, OH 45227 TR Ylll.l .com/CintiGearingSystems
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face, at the tips of the teeth, and along the roots of the teeth at
the start of active profile (SAP). Determine if there are wear
steps at the tooth ends, tips or the SAP. The pinion is often
wider than the gear, and if there is misalignment, a wear step
is likely to be at either end of the pinion. Severe misalignment
usually causes macropitting.

Recording gear tooth contact patterns. If there’s evidence
of gear misalignment, such as macropitting concentrated at
the ends of the teeth but no broken teeth or other failures that
would prohibit rotating the gears, record the gear tooth con-
tact patterns. The way gear teeth touch indicates how they are
aligned. Tooth contact patterns can be recorded under loaded
or unloaded conditions. No-load patterns aren'’t as reliable as
loaded patterns for detecting misalignment because the mark-
ing compound is relatively thick. In addition, no-load tests
don’t include misalignment caused by load, speed or tempera-
ture. Therefore, if possible, follow any no-load tests with loaded
tests.

Recording no-load contact patterns. For no-load tests, thor-
oughly clean and paint the teeth of one gear with a soft marking
compound and then roll the teeth through the mesh so com-
pound transfers to the unpainted gear. Turn the pinion by hand
while applying a light load to the gear shaft by hand or a brake.
Use clear tape to lift transferred patterns from the gear and
mount the tape on white paper to form a permanent record.

The compound PT-650 tooth marking grease from Products/
Techniques Inc. works best. Scotch No. 845 book tape (two
inches wide) is preferred for lifting contact patterns.

Figure 6 shows contact tapes that indicate a contact pattern
wandering from centered in some sectors of the gear to biased,
toward the left end of the face width in other sectors. This type
of misalignment is caused by run-out of the gear; it can only be
corrected by replacing the gear with a more accurate one.

Recording loaded contact patterns. For loaded tests, thor-
oughly clean the teeth with a solvent and acetone. Paint several
teeth on one or both gears with a thin coat of machinist’s lay-
out lacquer (DYKEM). Run the gears under load for sufficient
time to wear off the lacquer and establish the contact pattern.
Photograph the patterns to obtain a permanent record.

If possible, record loaded contact patterns under several
loads, such as 25, 50, 75 and 100 percent of full load. Inspect
the patterns after running about one hour at each load to moni-
tor how the patterns change with load. Ideally, the patterns
shouldn’t vary with load. Optimum contact patterns cover
nearly 100 percent of the active face of the gear teeth under full
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load, except at extremes along tooth tips, roots and ends, where
contact should be lighter as evidenced by traces of lacquer.

Think of on-site gearbox inspections as preventative mainte-
nance. Problems caught early and corrected can prevent cata-
strophic, costly and dangerous failures down the road.

Recording Micropitting

A permanent record of micropitting can be obtained by rub-

bing fine graphite into micropitted areas and lifting the graphite

pattern with transparent tape. The procedure is as follows:

1. Clean the tooth by rubbing with a clean, lint-free cloth
soaked in fast-drying solvent.

2. Place a clean lint-free cloth on a flat surface and rub a draft-
ing pencil on a file or sandpaper to coat the cloth with graph-
ite.

3. Rub the entire tooth surface with the cloth so graphite covers
micropitted areas, top-land and edges of the tooth.

4. Rub the entire tooth surface with a clean lint-free cloth to
remove loose graphite.

5. Place a length of transparent tape over the entire tooth. Allow
the tape to fold over the edges and top-land to define the
boundaries of the tooth. Scotch No. 845 book tape works
best.

6. Rub the back of the tape with a clean cloth to ensure intimate
contact with the tooth surface.

7. Starting at one end, carefully peel the tape from the tooth.

8. Place one end of the tape (with adhesive side down) on
white paper and carefully spread the tape across the paper.
Micropitted areas will appear as dark gray, machining marks
as lighter gray, and polished areas will look white.

9. Annotate the record to fully describe tooth location and ori-
entation. (8

For more information:
Robert Errichello
GEARTECH
geartech@mt.net

Robert Errichello is a longtime AGMA member. He
has served on a number of its various committees and
is the instructor of the Gear Failure Analysis seminar,
easily one of AGMA's most popular and attended
classes. The author of numerous gear-relevant
technical papers and books, Bob also serves as a Gear
Technology technical editor, and is owner-operator of
GEARTECH, a gear industry consultancy.

Jane Muller is a mechanical engineer with GEARTECH since 1986 and
a consultant to the gear industry for the past 27 years. She has presented
numerous seminars on design, analysis, lubrication, and failure analysis
of gears to professional societies and the gear and lubrication industries.
Muller is a graduate of the San Francisco State University and holds a BS
degree in mechanical engineering, and also studied fine arts at Wilkes
College in Pennsylvania. Jane has published several articles on design,

\ analysis, and application of gears.
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Lubrication

Specification and
Methodology

ask the expert

Email your question—along with your name,
job title and company name (if you wish to
remain anonymous, no problem) to: jmcguinn@

geartechnology.com; or submit your question by
visiting geartechnology.com.

I need to specify a method of lubrication and the type of lubricant for a speed
reducer with three-stage helical gear, but the peripheral speed on the reference
circle is too low. We have for 1st stage the Stribeck rolling pressure ks=34.76 N/
mm? and the speed v=0.80 m/s?; for the 2nd stage ks=49.4 N/mm? and v=0.39 m/
s2; and finally for 3rd stage the values are ks=37.6 N/mm? and v=0.27 m/s2.

Could you help me with the type and method of lubrication? Thank you.

Response provided by Robert
Errichello, GEARTECH owner/operator
(geartech@mt.net)

Because of the low speed, the appli-
cation warrants a rigorous analysis of
the elastohydrodynamic lubrication
(EHL) according to the method given in
AGMA 923-A03 (Ref. 1). This method
explains how to calculate the specific oil
film thickness, which is the ratio of the
minimum EHL oil film thickness to the
composite surface roughness of the gear
teeth. With the specific oil film thickness
known, you can predict the probability
of wear-related distress.

In lieu of an EHL analysis, ANSI/
AGMA 9005-E02, Annex B, gives guide-
lines for lubricant viscosity based on
operating oil sump temperature, pitch
line velocity, and lubricant viscosity
index. For example: Assume your ambi-
ent temperature is 25°C and the temper-
ature of the oil in the oil sump is 65°C
under the highest operating load. ANSI/
AGMA 9005-E02 (Ref. 2) would rec-
ommend an ISO VG 680 lubricant for a
mineral oil. Unfortunately, the guidelines
are limited to a pitch line velocity greater
than 1 m/s, and your lowest velocity is
0.27 m/s. Therefore, the viscosity should
probably be increased to ISO VG 1000.
If your operating temperature is greater
than 65°C, the oil viscosity should be
increased further.
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High oil viscosity may lead to prob-
lems with oil circulation. Therefore, you
need to consider cold starts, circulation
of the lubricant to all gears and bearings,
pumping losses, and filterability. You
may need to use synthetic oil with a low
pour point, or use sump heaters to pre-
heat the oil for cold starts.

(Robert Errichello is a longtime
AGMA member. He has served on a num-
ber of its various committees and is the
instructor of the Gear Failure Analysis
seminat, easily one of AGMA’s most popu-
lar and attended classes. The author of
numerous gear-relevant technical papers
and books, Bob also serves as a Gear
Technology technical editor, and is own-
er-operator of GEARTECH, a gear indus-
try consultancy.)

References

« AGMA 923-A03: Effect of Lubrication
on Gear Surface Distress.

o ANSI/AGMA 9005-E02: Industrial
Gear Lubrication.

Standards Summary
AGMA 925—A03: Description

This document provides currently
available information pertaining to oil
lubrication of industrial gears for power
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transmission applications. It is intend-
ed to serve as a general guideline and
source of information about gear oils,
their properties, and their tribological
behavior in gear contacts. Equations
provided allow the calculation of specific
film thickness and instantaneous contact
(flash) temperature for gears in service,
and to help assess the potential risk of
surface distress (scuffing, micropitting
and macropitting, and scoring) involved
with a given lubricant choice.

ANSI/AGMA 9005-E02: Description

This standard provides the end user,
original equipment builder, gear man-
ufacturer and lubricant supplier with
guidelines for minimum performance
characteristics for lubricants suitable
for use with enclosed and open gear-
ing which is installed in general indus-
trial power transmission applications. It
provides recommendations for selecting
lubricants based on current theory and
practice in the industry, and attempts
to align with current ISO standards.
It is not intended to supplant specific
instructions from the gear manufacturer.
Replaces ANSI/AGMA 9005-D9%4.

For more information on current
AGMA standards, visit www.agma.org.
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New-Formula Acetylene
Cool for Heat Treatment

Daniel H. Herring and Robert V. Peters Jr.

Acetylene with DMF solvent enables benefits of low-pressure vacuum carburizing

The vacuum carburizing process continues to evolve, constantly
offering new and improved process innovations (Refs. 1 and 2).
Chemical acetylene with DMF solvent is one of these techno-
logical breakthroughs, and an especially important one for gear
heat treatment.

Low-pressure carburizing (LPC) has proven itself the tech-
nology of choice for precision-carburizing of high-performance
gearing (Refs. 3 and 4). In recent years acetylene and acetylene-
based mixtures have become the preferred choice in the indus-
try (Ref. 5). What users are discovering is that the type of acety-
lene being used has an enormous impact on productivity and
quality.

Technical Advantages

Acetylene helps shorten carburizing cycle times and improves
uniformity of case depth. This is due in part to its higher carbon
flux value (Table 1) and an ability to penetrate blind holes, with
12:1 (Ref. 6) through 20:1 (Ref. 7) length-over-depth ratios now
possible. An example: when using acetylene for low-pressure
vacuum carburizing, the case depth in the root of gear teeth
approaches 90 percent of that in the active flank, making it an
extremely attractive hydrocarbon choice.

Carbon flux—that is, the transfer of carbon to the steel sur-
face from the source supplying the carbon—depends on the
actual load surface area and carbon yield (Table 2), or carbon
availability from the carburizing gas that is used. The carbon
yield is the amount of carbon transferred into the parts, rela-
tive to the amount of carbon supplied to the treatment chamber
by injecting the carburizing gas. For acetylene, the carbon yield
has been found to be in the range of 65 percent or greater (Refs.
2 and 7). This has been independently verified in a number
of field installations (Refs. 1 and 8); no other hydrocarbon gas
approaches this value. The amount of transferred hydrocarbon
is a function of several factors, including:

o Length of the pulse

o Temperature

o Gas volume (i.e., flow) into the vessel

« Pulse parameters (constant vs. variable flow)
« Surface area of the load

Gas purity has also been found to increase carbon yield (Ref.
8), with more carbon being available at the part surface per-
cubic-meter (cubic foot) of gas injected.

The LPC Story

The history of vacuum carburizing (Table 3/OR SIDEBAR) is
a fascinating one. The process was invented in late 1968 and
subsequently patented (U. S. Patent No. 3,796,615, U. S. Patent
RE 29,881) by Herbert W. Westeren, director of research and
development for C. I. Hayes, Inc., Cranston, RI. The process
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Table 1 (Ref. 9)—Carbon flux values in LPC

Hydrocarhon Species |Dissociation Products Averagi;/ﬁlazizt)m Flux
Acetylene C,H, 2C+H, 150
Cyclohexane CgH,, C,H,+C+H, [a]
Ethylene C,H, CH,+C 120
Methane CH, CH,+C <5
Propane C,H, C,H,+C+H, 130

Notes: a) Not reported.

Gas Species Decomposition Characteristic | Effectiveness " (%)
Acetylene Catalytic 65—85
Methane Thermal 5-20
Propane Thermal 5-20
Notes

a) Thermal decomposition limits the carbon available to workload and creates a higher
percentage of unwanted by-products.
b) Effectiveness in this context is another term for carbon yield.

Year Activity

1968/1969 | Vacuum carburizing technology invented and introduced to
industry (oil quench vacuum furnaces); methane was the
original hydrocarbon choice at 13 mbar (10 torr); equipment

limitations slowed commercial development.

1972 The first true production vacuum carburizing furnaces were
introduced; process limitations using methane were fully
understood; propane was introduced as the hydrocarbon
gas of choice at 200-400 mbar (150-300 torr); soot and tar

formation required increased maintenance.

1977 Experiments and patenting of acetylene-based carburizing
(former Soviet Union); technology remained virtually

unknown outside the Soviet Union.

1979/1980 | Commercial development slows dramatically as problems

with propane are difficult to overcome.

1980-1995 | Various attempts at making the vacuum carburizing process
more tolerant, including operation at lower operating
pressures; development of high-pressure gas quenching
technology; chemical acetylene with DMF solvent

introduced to the non-heat treat industry by Praxair.

1994-1996 Introduction and patenting of acetylene-based, low-

pressure carburizing (Japan) under 10 mbar (7.5 torr).

1999-2000 Commercialization resumes in earnest using acetylene;
propane- based systems are slowly being phased out;
introduction of modular vacuum carburizing technology by

ALD Vacuum Technologies GmbH.

2006 Chemical acetylene with DMF solvent first introduced to

heat treat industry and first used commercially at ALD.

2007—
Present

Rapid growth and acceptance of vacuum carburizing
technology; equipment and process synergy; growth of
modular technology.
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was commercialized in early 1969. However, full acceptance of

the process involved nearly three decades of work and countless

contributions from all over the world. The development effort

involved such areas as:

« Improvements in the design and construction of vacuum fur-
naces

o Development of low-pressure carburizing methods

o Process optimization—especially the selection of hydrocarbon
gas

« Development of optimized gas-injection methods and flow/
pressure controls

o Creation of empirical databases and design of process simula-
tors

o Development of high-pressure gas quenching technology and
optimization of oil quenching techniques

o Availability of low-cost carburizing alloys specifically
designed to take advantage of vacuum carburizing and gas
quenching, including high- temperature capability

« Innovations in fixture materials, including the use of carbon/
carbon fiber composite materials

The Process Explained

LPC is a recipe-controlled, boost/diffuse process. By contrast,

atmospheric gas carburizing is controlled via carbon potential.

In vacuum carburizing, the process-related parameters such as

temperature, carburizing gas-flow, time and pressure are adjust-

ed and controlled to achieve the desired case profile in the parts.
Recipe development by means of simulation programs (Fig. 1)

allows the user to determine a sequence of carburizing and dif-

fusion steps in which carbon profile as a function of depth can

be predicted. Typical input parameters of the software include:

 Material

o Carburizing temperature

o Targeted carburizing depth

« Targeted surface carbon content

« Surface carbon content limit

o Load surface area

Input back into the simulation allows cycle refinements to
take place.

Why acetylene? Acetylene is a catalytically decomposable
hydrocarbon, which essentially means that it will break down
into its elemental constituents (Eq. 1, Fig. 2) in the presence of
a hot metal surface in a vacuum furnace operating at low pres-
sure—typically at or below 10 mbar (7.5 Torr). Other hydro-
carbons (e.g., methane, propane) are thermally decomposable,
which means that they will break down immediately upon entry
into the hot zone of the vacuum furnace, negating
the ability of the carbon to react with the surface

SN Senatation A3 Vi Tt amsiagion 4G |

Figure 1 LPC simulation program (all photographs courtesy of ALD

Vacuum Technologies GmbH).
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Figure 2 (Ref. 11)—Acetylene decomposition: RGA analysis.
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Figure 3 (Ref. 13)—Dissociation reactions during acetylene pyrolysis.

Table 4 (Ref. 12)—Gas reactivity

of the steel and creating unwanted hydrocarbon
byproducts (Table 4).

C,H,>2C+H,

1

The complete chemical reaction (Fig. 3) is actu-
ally more complex than that shown in Equation 1,
and consists of nine separate reactions. A detailed
explanation of acetylene pyrolysis can be found in
the literature (Refs. 13-16).

Types of acetylene. Acetylene can be supplied
as welding- or industrial-grade (transported in

. Undesirable Undesirable Byproducts
Gas Species Byproducts (%) (speci!sp)
Sulfides (500 ppm),
Industrial Acetylene (with acetone solvent) 5 phosphine/arsine (500 ppm)
and ammonia (50 ppm).
Chemical Acetylene (with DMF solvent) 0.5+ Ethylene
Methane 5
Natural Gas @ 15
Propane 10 Heavy hydrocarbons ™

Notes:

a) Unsuitable for Ipc (due to oxygen content and contaminants in the gas).
b) Includes propylene, iso-butane, butane, methane, pentane, n-pentene, and others.
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Table 5

(Ref. 1}—Hydrocarbon choices for LPC
Family

Combinations

Acetylene & Acetylene Mixtures 100% Acetylene (C,H,) ™

Acetylene + Nitrogen !

Acetylene + Hydrogen ™

Acetylene + Ethylene (C,H,) + Hydrogen @

Acetylene + Cyclohexane

Cyclohexane & Cyclohexane Mixtures 100% Cyclohexane (CgH,,) ™

Cyclohexane + Acetylene

Methane & Methane Mixtures 100% Methane (CH,) ™

Methane + Propane @

Propane & Propane Mixtures 100% Propane (CsHg)

Propane + Methane

Propane + Hydrogen

Propane + Butane (C,H,,)

Notes:

a) Chemical acetylene with DMF solvent preferred

b) Typical dilutions up to 50 percent

c) Typical dilution 7:1 (U.S. Patent 7,514,035, Solar Atmospheres Inc.)

d) Typical ratios of acetylene to ethylene to hydrogen are 3:2:1 or 2:2:1 (U.S. Patent 7,550,049,
Seco/Warwick Corp.)

e) Cyclohexane (U.S. Patent 7,267,793, Surface Combustion, Inc.)

f) Temperatures above 955°C (1,750°F) recommended unless plasma-assisted
Typical dilution: 40/60 to 60/40 (methane/propane)

Table 6 (Ref. 5)—Solubility comparison

Property Acetone DMF
Boiling Point (°C) 56.5 152
Acetylene Solubility 425 400
Notes: a) g/L of solution at 21°C and 17 atmospheres
10.0%
E aox
.!. E0%
L
& 70%
3 60%
S s.0%
L
£ 40%
E 3.0% == Acetone
0%
- 2.0 DMF
» 10%
0.0%
100% 90% 80% 70% 60% SO0% 40% 30% 20% 10% 5%
% Acetylene Remaining in the Cylinder
Figure 4 (Ref. 17)—Solvent carry-through in the acetylene stream.

Cylinder Capacity (%)| Acetone DMF
100 0.5% 0.010%
90 0.6% 0.012%
80 0.7% 0.015%
70 0.8% 0.018%
60 0.9% 0.020%
50 1.2% 0.027%
40 1.5% 0.035%
30 1.8% 0.049%
20 3.8% 0.072%
10 5.3% 0.132%

5 8.8% 0.207%
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acetone), and chemical-grade (transported in dimeth-
ylformamide or DMF). Industrial-grade is produced
by the reaction of calcium carbide and water (Eq. 2).
Byproducts include sulfides, phosphine, arsine and
ammonia—all of which are unwanted contaminants in
vacuum carburizing.

By contrast, chemical acetylene is the result of
hydrocarbon (typically, natural gas) cracking (Eq. 3),
the major byproduct of which is ethylene, which is also
used as a hydrocarbon source in vacuum carburizing.

2)

CaC, +2H,0 = C,H, + Ca(OH), o

2CH, > C,H, +3H,

Why chemical acetylene with DMF solvent? As early
as 1999, industrial-grade acetylene in acetone and
various acetylene gas mixtures (Table 5) was replac-
ing older types of hydrocarbon gases throughout the
heat treat industry. Acetylene dramatically reduced the
amount of carbon build-up in the furnaces, simplifying
maintenance and improving uptime productivity.

While good news for the industry, it came at some-
what of a cost premium; i.e., only 70-75 percent of
industrial-grade acetylene gas could be used from each
bottle to avoid introducing acetone into the process.
But with the introduction of chemical acetylene with
DMEF solvent, as much as 95 percent of the gas could be
used from each bottle. As a result, the heat treater no
longer has to purchase more acetylene bottles to per-
form the very same process. The more bottles on- site,
the more storage space needed, as well as increased
handling and safety concerns (e.g., more piping and
hookups). In addition, there is an ambient tempera-
ture limitation for industrial-grade acetylene bottles—
they must be stored above 4°C (39°F). In summary,
chemical acetylene offers higher gas purity, which, in
turn, offers even more control of the carburizing pro-
cess while using less gas and requiring less equipment
maintenance.

The role of stabilizing solvents. Due to acetylene’s
triple bond between carbon atoms, it is fundamentally
unstable and will decompose if compressed. Under
pressure, an explosive exothermic gas reaction will
occur if the gas pressure exceeds 100 kPa (15 psi). This
makes transport of the gas under pressure dangerous,
unless a stabilizing transport solvent is used. Acetone
(C;H,O) and dimethylformamide (C;H,NO)—or
DMF—are the transport solvents of choice.

But acetone, while a proven transport solvent, has
the disadvantage of high volatility, as it tends to vapor-
ize and leave with the acetylene gas when acetylene is
withdrawn from the cylinder. This is problematic for
vacuum carburizing. By contrast, DMF has a boiling
point about 100°C (212°F) higher than acetone, with
similar solubility. Thus DMF is less likely to volatilize
(Table 6) and be carried by the gas stream into the vac-
uum furnace.
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DMEF also provides higher gas yield (Fig. 4, Table 7), as it is 40
times more stable than acetone. While acetone introduces oxy-
gen into the process—and with it the potential for intergranular
oxidation/intergranular attack (IGO/IGA)—DMF is more stable
over a wider range of temperatures (-18°C to 0°C), making it far
less likely to be introduced into the gas stream.

Case Study: ALD Thermal Treatment

ALD Thermal Treatment, in Port Huron, MI has been using
chemical acetylene with DMF solvent since 2006. Increased
yield from individual cylinders (over 20 percent more gas) was
an important consideration, as was the storage and usage of
acetylene in northern climates. Flow restrictions occur with
industrial-grade acetylene below 4°C (40°F). By contrast, chemi-
cal acetylene has no flow-related issues—even at -18°C (-30°F).
Another requirement was purchasing in bulk as opposed to sim-
ply buying individual cylinders. Chemical acetylene can be pur-
chased in trailer quantities (Fig. 5), with up to 200 bottles linked
together as a single unit. This became an increasingly important
consideration as the organization grew from an initial instal-
lation of four carburizing chambers to the present-day 40-plus
chambers. Another consideration is the purchase of a trailer for
dedicated use, which can be refilled by the gas supplier. In this
way, cross-contamination from other users is avoided.

Figure 5 A typical trailer set-up: chemical acetylene with DMF solvent.

A small set of bottles is still required off the trailer to continue
operation while the trailer is being changed out. These bottles
are re-charged with the acetylene from the trailer, unlike indus-
trial-grade acetylene, which cannot be recharged in this manner.
Finally, from a process and process control standpoint, it was
soon discovered that less gas was required and a volume reduc-
tion of approximately 40 percent was realized.

Here’s what ALD Thermal Treatment found regarding indus-
trial-grade acetylene in individual cylinders:

« The percent of acetylene in each cylinder (solvent, volume)
varies

o The number of times a bottle has been recharged affects gas
purity and acetylene yield

« The number of contaminants in each cylinder varies over
time

Flow rate limitation exists, as each cylinder must flow sepa-
rately into the acetylene system

Temperature of each bottle affects both flow rate and volume
of solvent drawn into the gas stream

Purity (as delivered) varies between 95 and 98 percent

Only 70-75 percent of a bottle can be used; if bottles are not
changed promptly, you will pull contaminates from the bot-
tom of the bottle into the vacuum furnace

The customer pays for a fully charged bottle, even if they don’t
use the volume in each bottle

The pressure in each acetylene cylinder is roughly 16.9 bar
(245 PSI); the maximum withdrawal pressure is 1.03 bar (15
PSI), with a flow rate equivalent to one-seventh of cylinder
capacity; each bottle must be independent in the piping sys-
tem and cannot run in series

Depending on volumes required, changing out each bottle
could be an issue (time/safety)

Here’s what ALD Thermal Treatment found regarding chemi-
cal acetylene:

Chemical acetylene with DMF solvent is a precisely packaged
gas and is ready to use (no solvent variations bottle to bottle)
Purity is 99.5 percent or better

The required volume of chemical acetylene is lower than ace-
tone-based acetylene to process the equivalent product
Weather/outdoor temperature (in upstate Michigan) is not an
issue

Chemical acetylene bottles can be assembled in series or in
parallel, while staying under the maximum allowable deliv-
ery pressure of 1.03 bar (15 PSI) for piping running inside an
industrial building

Chemical acetylene comes in cluster packs or on a trailer sys-
tem with bottles connected to a manifold; when it is time to
change out the trailer, back-up bottles on the ground are used
while the trailer is being removed and a new trailer installed;
the backup bottle on the ground can then be re-charged with
the DMF acetylene from the new trailer

When the used trailer is returned, a credit is issued for the
volume(s) of unused gas left in the bottles

Back-up bottles on the ground can be re-charged repeatedly
without concern of introducing contaminates
One-line-hook-up and very easy change-out of the cluster
pack or trailer, with no changing of individual bottles

4 Wl

Figure 6 Load of input sun gears ready for processing.
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(a) Pitch Line

(b) Root

Figure 7 Sun gear microstructures at 500x.
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« Maintaining flow rate is not an issue, given that the acetylene
is in gaseous form; there is no concern over changing concen-
trations, volume or flow rates

Application example. Production loads of input sun gears
(Fig. 6) of SAE 5120M material are low-pressure vacuum car-
burized with DMF acetylene to achieve a total case depth of
0.3-0.5mm (0.012"-0.020") at the pitch line, while achieving
a surface hardness of 58-62 HRC. Bainite, excessive amounts
of retained austenite and excessive carbide formation are to be
avoided in the root, active flank and tip (Fig. 7).

Lessons Learned

« Chemical acetylene with DMF solvent provides extended
equipment uptime productivity with dramatically simplified
downtime, increased safety and simplicity of operation while
producing superior metallurgical results. The bottom line is
that the consistency of gear quality is positively impacted.

o While there are many choices for hydrocarbon, gases with
low-pressure carburizing, and although very special circum-
stances may necessitate an alternative choice, chemical acety-
lene and acetylene mixtures are now clearly become viable
choices, and are the hydrocarbon of choice. (8}

Author and lecturer Daniel H. Herring—"The
Heat Treat Doctor”— has penned over 500 published
papers and four books; the most recent is Vacuum Heat
Treatment. Herring completed his undergraduate work
at the University of lllinois in 1971, moving on to gain
a post-graduate degree in 1974 at Chicago’s lllinois
Institute of Technology (IIT). An active member of the
engineering, materials and metallurgical community,
Herring’s credentials include a research associate professorship at the
Illinois Institute of Technology/Thermal Processing Technology Center, and
consulting technical editor and monthly columnist for Industrial Heating
magazine. Prior to forming The Herring Group(specializing/consulting in for
solving heat treating problems in industry and heat treat and metallurgical
offering services) in 1995, Herring spent over 25 working for several furnace
equipment manufacturers, where he held key positions in metallurgy,
engineering, international marketing, sales, research and development,
and new product and business development. He is an active member of
a number of technical societies, which include ASM International, APMI
International, SAE International, SME and AGMA, and is a member of the
American Gas Association (AGA) “Hall of Flame.”

Robert Peters is senior vice president for business
development at ALD Own and Operate. He possesses
40-plus years of manufacturing experience, particularly
in such areas as machining (tool-and-die; CNC
Programming); electroplating (chrome, cadmium,
copper, nickel and anodizing types 1, 2 and 3);heat
treatment (LPC, nitriding, plasma carburizing, brazing),
and Research and Development. Peters also serves
on committees for both SAE (Society of Automotive
Engineers) and AMEC, the London-based, international engineering

consultancy and project management services company.
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Light-Weight Design for Planetary

Gear Transmissions

Bernd-Robert Hohn, Karsten Stahl and Philipp Gwinner

There is a great need for future powertrains in automotive and industrial applications to improve upon their efficiency and power
density while reducing their dynamic vibration and noise initiation. It is accepted that planetary gear transmissions have several
advantages in comparison to conventional transmissions, such as a high power density due to the power division using several

planet gears (Ref. 1). This paper presents planetary gear transmissions, designed according to 1ISO 6336 (Ref. 3), optimized in terms of
efficiency, weight and volume, and calculated using low-loss involute gears (Ref. 4) as well as the maximum feasible number of planets.

Introduction

As mentioned, planetary gear transmissions generally feature
various advantages in relation to conventional gear transmis-
sions, such as higher efficiency, higher feasible gear ratios, com-
pactness and lower weight. Present research concentrates on
planetary gear transmission designs with a low volume, low
power losses and, therefore, high efficiency values. Most of the
present applications are characterized by basic planetary gear
trains as an integral part of the synthesis process to achieve dif-
ferent transmission types, such as negative-ratio and positive-
ratio drives. The power density of planetary gear transmissions
is dependent on the adjusted number of planets linking two cen-
tral gears. The input power of a central gear is then distributed
to several planet gears, resulting in lower load and lower tooth
forces for each gearing. Depending on the alignment of each
gear wheel, or, rather, the chosen planetary gear transmission
structure, different efficiency, volume and weight values can be
achieved. Especially in combination with the desired transmis-
sion gear ratio, it is not obvious which gear train type ought to
be chosen in order to provide an optimal transmission in terms
of efficiency, volume and weight.

Outline

The objective of this paper is to calculate and compare the vol-
ume, weight and efficiency of three basic planetary gear trans-
missions with one degree of freedom (Fig. 1), applying three
different gear ratios (5, 25 and 125). Due to the fact that this
study focuses on reducing volume and weight, the lowest fea-
sible number of gear teeth and as many planets as possible will
be applied to each concept in order to reach a preferably high
power density. In order to comply with the demand of high effi-
ciency values, special low-loss gears will be designed that feature

(a) CONCEPT

(b) CONCEPT B

(c) CONCEPTC

low load-dependent power losses due to low sliding in the load-
ed gear meshes. The gears of each concept and each gear ratio
are designed according to ISO 6336 (Ref. 3), with optimized
tool parameters to produce characteristically low-loss gears.
The volume of each concept is calculated assuming the gear
wheels, as well as the two-sided carrier shafts, to be solid cylin-
ders. For the sake of simplicity, detailed shaft geometries, as well
as the weight and additional power losses of bearings and other
machine elements, are not considered here.

Kinematic Equivalence of Planetary Gear
Transmissions

Mueller’s book (Ref. 1) provides basic information and rules for
planetary gear trains, such as for fundamental positive-ratio and
negative-ratio drives with a fixed carrier, as well as for coupled
or complex-compound planetary gear transmissions. According
to Mueller, two fundamental planetary gear trains are kinemati-
cally equivalent if one gear ratio of a transmission is equal to
one gear ratio of another transmission. In that case, all other
gear ratios are equal too. Thus this rule reveals that multiple
planetary gear train types can come into consideration if they
feature the same desired gear ratio between the input and output
shaft.

For the predefined gear ratios, one negative-ratio drive and
two structurally different positive-ratio drives will be designed
and compared (Fig. 1). The calculation of the gear ratios for
each concept (Table 1) shows the kinematic equivalence, since
all of the concepts have the same gear ratios. One can easily rec-
ognize that each fundamental planetary gear train always fea-
tures four positive and two negative ratios. Furthermore, the
corresponding input and output shafts, as well as the required
basic gear ratio i,,, can be derived for all transmission con-
cepts of this study. For instance, Central Gear 1 is used as the
input shaft, and the carrier as the output shaft for Concept A;
the input and output shafts of Concepts B and C are the carrier
shafts and Shaft 1, respectively.

Figure 1 Planetary gear transmission concepts.
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iy —4 0.8 0.8
iy —0.25 1.25 1.25
i 5 0.2 0.2
i 0.2 5 5
s 1.25 —0.25 -0.25
i 0.8 —4 —4
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Design of Light-Weight Planetary Gear
Transmissions

In order to ensure valid comparison of the different transmis-
sion concepts, several default parameters must be pre-defined
for the design process of the gears. Each input shaft is applied
with a pre-set torque of 300 N-m and a speed of 1,500 rpm. A
fixed number of teeth are applied at that gear of each transmis-
sion concept with the minimum carrying load—a minimum
of 17—according to Mueller (Ref. 1). Further geometric con-
straints must be met to properly assemble the planetary gear
transmission. These geometric constraints mainly refer to the
number of gear teeth applied in compliance with Looman’s
assembly rules for planetary gear transmissions (Ref. 5). To
achieve compact transmission designs, the number of teeth gen-
erally has to be as low as possible, since the number of teeth z is

proportional to the reference diameter d of each gear: W

d=z-m,

For further considerations, geometric relations will only be set
up as a function of the number of teeth, which is valid as long as
the normal module m, is constant for each gear of a transmis-
sion concept. In this case the number of teeth is proportional to
the corresponding reference diameter, and diameters of differ-
ent gears can be compared on the basis of their number of teeth.
After determining the number of gear wheel teeth in each con-
cept, the minimum normal module at the gearing, including the
gear with the minimum number of teeth, is calculated according
to ISO 6336 (Ref. 3), assuming the ratio between tooth width
b and reference diameter d to be 1:0. Further requirements to
ensure proper comparison of the three concepts refer to the fac-
tors (application factor K,, dynamic factor Ky, transverse load
factor Ky, face load factor K, which are each set to 1:0. The
mesh load factor kg is chosen according to AGMA 6123-B06
(Ref. 6) for the ISO quality of 6 and according to the number of
planet gears applied to the transmission concept.

Determining the number of teeth. Assembling planetary gear
transmissions is more complex than conventional spur gear
transmissions; additional geometric constraints fundamentally
result from integrating several planets between at least two cen-
tral gears (sun and/or ring gears). Thus the number of teeth is
determined in such a way that, on the one hand, all geomet-
ric constraints are satisfied, and on the other hand, the other
requirements concerning low weight and volume, as well as high
efficiency, are optimally met. The following procedure is used to
determine the minimum feasible number of teeth:

1. Select the number of teeth on each gear wheel so that the gear
ratio deviation between the input and the output shaft is lower
than + 10%

2. Apply as many planets as possible to each concept without
causing a collision of adjacent planet gears

3. Select the number of teeth on each gear wheel so that all gears
can be assembled according to Looman’s assembly rules (Ref.
5)

4. Apply the minimum number of teeth — 17 — at the gear
wheel with the lowest theoretical (loss-free) load

5. The center distance of each gear pair of one concept (sun/
planet gear or ring/planet gear) must be equal
Using a small number of teeth while also complying with fur-

ther assembly rules will create a gear set with a number of teeth

that meet the desired transmission gear ratio, with only a cer-
tain deviation. When even higher gear ratios are desired, this
deviation tends to result in higher particular values. The cen-
ter distance for Concept A has to be equal for both gear pairs
(sun gear/planet gear and planet gear/ring gear) because one
gear is used in both gear pairs—the planet gear. For Concepts
B and C the center distances of both gear pairs must be equal,
thus enabling both planet gears to be connected to one stepped
planet gear shaft (assuming the same normal module for both
gear pairs). Nominal differences in the center distances of each
gear, according to the calculated number of teeth, can be offset
by applying appropriate addendum modifications x to the gears
(assuming the same normal module for both gears).

Concept A: For Concept A, the shaft with the minimum act-
ing torque is Input Shaft 1, so z,,, is applied to the sun gear. The
number of teeth on ring gear z, can be derived directly from the
basic gear ratio i,: @)

A .
P 22_19 =1z

The number of teeth on the planet gear can be derived from
the geometric constraint that the center distances of each gear
pair must be equal. This constraint, reduced by the normal
module and using a negative number of teeth for the ring gear,

reads as follows: 3
0=z+2=2z,+2,

z,=- 2 ‘; 2
In the next step the maximum number of planet gears must
be determined in order to minimize the acting load in each gear
mesh (power division). Figure 2a shows the geometric limit
case where adjacent planet gears are in contact with each other,
assuming the tip diameter of the planet gears to be the number-
of-teeth-plus-two, which equates to the reference-diameter-

plus-two-times the normal module: @
z1+2z,

with a=90 -B-=90__ 360
2 2 Mypax

Rearranging this equation yields the maximum number of
planet gears n,,, for the given number of teeth, n,,,,=:

(a) CONCEPT A AND C

(b) CONCEPT B

Figure 2 Assembly of planets.
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)
360

Phmax = Z,+2
2. (90 - arccos—L)
z,+z

which has to be rounded down to the next integer value. In
the last step, the assembling rule according to Looman (Ref.
5) has to be satisfied so that the planet gears can be mounted.
Depending on the numbers of teeth—as well as the transmission

structure—the following equation must be true: ©

f=integer value =M

for basic negative-ratio drives with the applied number of
planet gears n. If this equation is not fulfilled, the correspond-
ing gears cannot be assembled. Thus the number of teeth on the
planet and ring gears must be increased until Equations 3 and 6
are satisfied.

Concept B: As with Concept A, several geometric constraints
must be fulfilled in order to assemble this type of planetary gear
train. The basic gear ratio of Concept B is given by: @

ilzz%'zi;

Unlike Concept A, it is not as easy to calculate suitable num-
bers of teeth for Concept B. Fundamentally, four unknown
parameters must be determined. One unknown variable can
be defined by the minimum number of teeth for planet gear p,,
which is loaded with the minimum (loss-free) torque for this
concept. The next essential equation must be met in order to
comply with the equal center distances of gear pairs p;:1 and p,:2

so that both planet gears have the same axis of rotation: ®)
Zy+2=2p+2

The maximum applicable number of planets for this concept
can be determined according to the geometric limit case (Fig.
2b). The avoidance of a collision of adjacent planets has to be
proved for the gear pair with sun 2 and planet gear p,. As both
gear pairs feature planets, which could theoretically touch each
other, a collision analysis must be conducted for both gearings.
Nonetheless, it is sufficient to check only the gear pair with the
planet gear that has the higher number of teeth and, therefore,
the higher tip diameter. Thus if the planets of gear pair p2:2 do
not collide, then the planets of gear pair pl:1 will not collide
either, due to their lower number of teeth. The following equa-

tion must be true for the geometric limit case: ©)
2-x

Zp+2
x=—2r"=

T 2.cosa

If a collision does not occur at the planet gears p2, then no
collision can occur at adjacent planet gears pl, due to their
smaller diameter. In conclusion, three equations can be set up
for three unknown numbers of teeth. Transforming Equations
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7, 8 and 9 yields a quadratic equation for the number of teeth on

planet gear p2: (10)

)’1'Z§>2+YZ'ZP2+}’3:O
with the following coefficients: a1
__-1
Y17 cosa

Y=

i, COSa

_ 2-222

YsT T, cosa

Solving the quadratic equation yields the number of teeth on

planet gear p2: 12)

22:_)/2i Vy§_4'21'23
P 2 ¥
Only the solution resulting in a positive number of teeth can
be used for external gears by definition such as the planet gear
p2. The missing numbers of teeth can then be derived from
Equations 7 and 8. According to Looman (Ref. 5), the assem-

bling rule for Concept B reads: 13)

f=|L|.Z%M= integer value
with the greatest common divisor of z,, and z,,. If Equation 13 is
not satisfied for the calculated number of teeth, then the num-
ber of teeth for central gears 1 and 2 must be increased as long
as Equations 8 and 13 are fulfilled.

Concept C: For Concept C, no additional equations need be
set up in order to determine the number of teeth; all of the nec-
essary equations can be derived from the geometric constraints
of Concepts A and B. The minimum number of teeth is like-
wise applied to the gear wheel with the lowest (loss-free) load—
planet gear pl. The equation for the basic gear ratio of Concept
C can be determined as in Equation 7, and the center distance
constraint of Concept B (Eq. 8) must be true for Concept C as
well. As with Concept B, the critical transmission gear pair for
a potential planet collision is gearing p2:2. Because the structure
of Concept C is similar to that of Concept A in terms of a poten-
tial planet collision (only the ring gear doesn't exist, but is need-
ed neither for Concepts A nor C to detect a planet collision), the
same appropriate Equation 6 of Concept A can be used, substi-
tuting z, with z,,, accordingly. The resulting quadratic equation
for the number of teeth on planet gear p2 can be solved analo-

gously to Equation 10 with the following coefficients: (14)

n=1
2, COSA—2Z,,
y ="t +2-2z,-cosa
I
2
P!

V3=

Solving the quadratic equation for Concept C yields the num-
ber of teeth for planet gear p2; only solutions resulting in a
positive number of teeth for the external planet gear p2 are per-
missible, per definition. The missing number of teeth for cen-
tral gears 1 and 2 is derived from Equations 7 and 8; Looman’s
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Figure 3 Conventional and low-loss external gear (m,=2; z=35).
assembling rule for Concept C is equal to that of Concept B (Eq.
13), and must be true for the determined numbers of teeth. If
this equation is not satisfied, the numbers of teeth for central
gears 1 and 2 must be increased until Equations 8 and 13 are ful-
filled.

Low-loss gears for external and internal gears with highest
efficiency. Low-loss gears in transmissions are typically used
whenever high efficiency values are necessary. Power losses in
the meshing of a gear pair are mainly caused by load-dependent
power losses that depend on the acting load, coefficient-of-
friction and sliding velocities in the meshing of the gearing. In
terms of efficiency, calculation of the average power losses in the
meshing is accurate enough to determine the load-dependent
power losses, or, rather, the efficiency of a gear pair. According
to Niemann (Ref. 7) the load-dependent power loss P, readsi .

Ploss:.um'HV'Pin

5)

with the mean coefficient-of-friction y,, and the tooth loss

factor Hy, according to Ohlendorf (Ref. 8): 16

m-(i+1)

- _ 2, 2
V= Znicosps (1-e,+ei+€7)

In order to obtain efficient gears with minimal load-depen-
dent power losses, it is obvious that the tooth loss factor, as well
as the mean coefficient-of-friction, must be reduced. Wimmer
(Ref. 4) highlights several parameters that have a significant,
positive influence on these two factors, such as a low transverse
contact ratio ¢, a low normal module m,, a high pressure angle
a, and a high number of teeth on pinion z,. Figure 3 shows a
conventional and a low-loss external gear. One can notice that
the low-loss gear wheel features a higher tooth depth in com-
parison to the conventional gear wheel, due to a reduced trans-
verse contact ratio &,. Moreover, the face width of the low-loss
gear wheel must be increased to obtain the same load-carrying
capacity (in particular, surface durability and tooth-bending
stress are affected). Regarding the geometry of a characteris-
tic low-loss gear set, ideally for the gearing p:2 of Concept A,
with a gear ratio of 5, one can determine that the pitch point of
the gearing is roughly in the middle of the tooth depth. For low

Figure 4 Low-loss gearing for Concept A with (green) transverse path of
contact (i=5; H,=0.038).

tooth-load factors, the addendum contact ratio of the pinion
and wheel ¢, and ¢, should preferably have the same value.

For this study several parameters are predetermined and can-
not be changed within the optimization process to improve effi-
ciency. The following parameters, which are part of the optimi-
zation and have an impact on the tooth-loss factor and mean
coefficient-of-friction, as well as on the gearing volume, are the
center distance g; the addendum modification of pinion and
wheel x, ,; the tooth width b and the normal module m,,.

Calculation of the load-carrying capacity. In addition to an
optimized gear pair for high efficiency values, calculation of
the load-carrying capacity of each gear pair must be proved in
terms of surface durability (pitting) and tooth-bending strength.
The fatigue-durable design of the gear wheels is created using
well-established values for the safety factors against pitting
(Sgmin=1.3), and against tooth breakage (Sg,,;,,=1.7). Further
default values are used for all gear pairs to ensure proper com-
parison, such as the normal pressure angle a,=20° the helix
angle $=0° and a pre-defined lubricant (ISO-VG-220). In addi-
tion to optimizing the tooth flank to obtain low power losses,
each transmission stage is optimized in terms of a minimum
gear wheel volume so that the normal module and tooth width
are as low as possible. Within one transmission stage the normal
module and tooth width are determined by the weakest gear-
ing in terms of the load-carrying capacity. The load factors are
assumed to have a default value of 1.0. The mesh load factor K,
that accounts for the uneven distribution of load among meshes
for planetary gear transmission must be applied to all gears. The
corresponding value of the mesh load factor is given in AGMA
6123-B06 (Ref. 6), according to the number of applied planets
and assuming ISO quality six.

Determining efficiency, volume and weight. After calculating
the load-carrying capacity of each gear pair for one transmission

Table 2 Design parameters at a glance

Parameter Default Value Unit
Znnin 17 -

T; 300 Nm

N, 1500 rpm
Doy +10 %
Semin 1.7 -
sH,min 13 -
Ka, Ko Kios Kig 1.0 -
K acc. to [6] -
& 1.1 -
a, 20° -
B 0° -
b/d @ gear with z,,;, 1 -
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concept, all of the geometric parameters that affect efficiency and
volume are determined, after which the efficiency of each gear

pair with pinion x and wheel y can be calculated according to: a”)

ﬂxy =1- (HV,xy : .um,xy)

In the next step, the single efficiency values of each gear pair
can be combined into the basic train efficiency for Concepts A,
B and C #,,, 3¢ that represents the corresponding transmission
efficiency between central shafts 1 and 2 with a fixed carrier

shaft:
(18)

Ni2,a=Hipr1 Mp12 (19)

M2,80) = Hipr Hp2

By converting the basic train efficiency, the overall transmis-
sion efficiency for each concept can be achieved according to
Mueller (Ref. 1), equivalent to the efficiency between input and
output shafts. For Concept A the corresponding efficiency is

calculated between input shaft 1 (sun gear) and carrier shaft SEZO)

o hparfaa-l
ﬂA - ’713_ ilZ,A -1
For Concepts B and C, the overall efficiency between the

input shaft s (carrier shaft) and shaft 1 can be calculated with:
21

o ilZ,B(C)_l
MBo)= s 250 Mzso)~ 1

For the sake of simplicity, only the gear wheels and both sides
of the carrier plate are considered in calculating the weight of
each concept. The weight of further transmission components
such as bearings, shafts and other machine elements will not be
considered. The weight of an external gear (sun or planet gear)
is approximated with the volume of a solid cylinder having the
same reference diameter and face width as the corresponding
gear. With the density of steel p,,,, the weight for an external
gear x then reads:

(22)

d2
m,= Vx'Ps[@cl :Txn N bx 'ps[eel

For an internal gear y (ring gears), an equivalent hollow cyl-
inder is assumed for the volume, with the reference diameter of
the internal gear as the inner diameter and the reference diam-
eter plus six times the normal module as the outer diameter:

(23)

d,+6-m.,)’~d;
my: V;/'psteel:(—l+)zn' by'pstcel

The weight of both carrier plates can be estimated using two
times the weight of a solid cylinder with the center distance
of the gearing as radius and a width 0.2 times the maximum

occurrent face width b,,,,:
(24)

my: ‘/}"Psteclzz'az'n'o'z : bmax'Psteel

The volume of each transmission concept is likewise approxi-
mated, using the sum of the volumes for each transmission
stage. The volume of Concept A can be calculated using the vol-
ume of a solid cylinder with the diameter of the ring gear plus
six times the normal module plus the volume of two-sided car-
rier plate:
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(25)
. 2
Vi (Gt EmY 1 202,

The volume of Concept B can be calculated using the sum of
the volumes of both ring gear cylinders and the volume of the
two-sided carrier plate, where the cylinder width of one carrier

plate is equal to the maximum occurent face width: 26)

) 2
VB:( (d, +§mn) b+ (d, +jmn) -b,+2a>-0.2- bmax) T

The volume of Concept C is determined using the volume of
the cylinders with a diameter two times the center distance plus
the tip diameter for each transmission stage: @)

2
V= ((a +i;& ) b +(a + 12&)2 b,+2a*-0.2- bw) -

For reasons of comparability, all calculated volumes and
weights are normalized using the weight and volume of Concept
A with a gear ratio of five. The normalized volume and weight
of a concept then reads: 28)

Vv
o A
V ‘/conccpt A’ i: 5

*_ m
M oncept A, i=5

Design results for Concept A. Before the calculation of the
load-carrying capacity can be conducted, the number of teeth
on each gear wheel must be determined. Because the sun gear
of this concept features the minimum carrying load, the mini-
mum number of teeth is applied to this gear wheel. The num-
ber of teeth on the ring gear can then be determined in accor-
dance with Equation 2, which yields -68. The number of teeth
for the planet gear is 25, using the respective rounded-down
results from Equation 3. In the next step the maximum number
of planets must be determined with Equation 5, which yields a
maximum of four planets. In the final step, Looman’s assembly
rule has to be checked in order to freeze the number of teeth
for each gear in this concept. The result of Equation 6 is not
an integer value for this configuration; therefore it is not pos-
sible to mount four planets with the given number of teeth. In
that case the number of teeth on the planet and ring gear must
be increased until Equations 3 and 6 are satisfied. The resulting
numbers of teeth are 17 for the sun gear, 27 for the planet gear
and -71 for the ring gear. The transmission ratio for Concept
A, then, is 5.18 so that the gear ratio deviation of 3.5% is within

Table 3 Design results—Concept A

Trominal 5 25 125 Unit
22,02 17:27:-1 -
Niax 4 -
Gearing 1:p p:2 1:p p:2 1:p p:2
U 0.069 | 0.052 | 0.085 | 0.064 | 0.107 | 0.08 -
H, 0.158 | 0.04 | 0.152 | 0.038 | 0.159 | 0.042 -
n 0.989 | 0998 | 0.987 | 0.998 | 0.983 | 0.997 -
iper (A1) 5.18 (3.5%) 26.8 (7.2%) 138.71 (11%) -
m, 2.15 3.75 6.5 mm
n 0.990 0.977 0.961 -
M* 1 6.3 339 -
* 1 6.3 33.7 -
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the permitted range. The results of the design are summarized
in Table 3.

Due to the limited practicable basic gear ratio in transmission
Concept A, higher transmission ratios are not realized by vary-
ing the numbers of teeth, but by connecting two equal trans-
mission stages of Concept A (Fig. 5a), each characterized by a
nominal transmission ratio of five. Therefore the carrier shaft
of the first stage is connected to the input shaft (sun gear) of the
second stage. The resulting overall nominal gear ratio is then
57=25, and likewise, 5°= 125 for Concept A, with a nominal
transmission gear ratio of 125 (Fig. 5b). The weight and volume
for Concept A with the gear ratio of 25 is calculated by add-
ing the weight and volume values of each transmission stage (as
with Concept A with a gear ratio of 125).

Design results for Concept B. Solving Equation 12 with the
desired basic gear ratio of i;,;=0.8 and the corresponding value
for cosa according to Equation 9, which is dependent on the
number of applied planet gears, yields the number of teeth on
planet gear p,. Likewise, Equations 7 and 8 provide the number
of teeth on the two ring gears. The resulting numbers of teeth are
mainly dependent on the desired number of planets. Especially
for Concept B, which features no sun gear, two versions are con-
ceivable, in principle. These differ in terms of the applied number
of planets—one with only three planets (Concept B3) and one
with five planets (Concept B5). Concept B3 has lower numbers
of teeth for the ring gears as well as a lower mesh load factor K.,
but features a higher normal module and tooth width due to the
fact that only three planet meshes are transferring the power to
the ring gears, in comparison to the five meshes in Concept B5.
The design, according to AGMA 6123, shows which of the con-
cepts achieves the optimum weight, volume and efficiency; results
of the design are summarized in Tables 4 and 5. It must be men-
tioned that for both versions of Concept B, and all desired gear
ratios, it is not possible to apply the theoretical number of teeth
resulting from Equation 12 because Looman’s assembly rule (Eq.
13) is not fulfilled. The number of teeth must be increased for
both ring gears until Equations 13 and 8 are satisfied, as well as
complying with the maximum pre-set gear ratio deviation. In
particular, it is even not possible for both versions of Concept B
with a gear ratio of 125 to satisfy Equation 8, where the numbers
of teeth and the gear ratio deviation remain small; either the gear
ratio deviation or the number of teeth on the ring gears is too
high. Not satisfying Equation 8 results in a different center dis-
tance between gear pairs 1:p, and 2:p,. In order to find a buildable
transmission, a compromise between a preferably small number
of teeth (to keep dimensions low) and a small gear ratio devia-
tion must be found, where the deviation of the center distances
for both gearings has to be as small as possible. The deviation of
the center distances (Eq. 8) can then be compensated by applying
appropriate addendum modifications for the pinion and wheel of
a gearing. However, the tooth-load factor then reaches higher val-
ues because the transverse load factor cannot be reduced to the
desired value of 1.1. Consequently, low-loss gearing (Fig. 4) can-
not be achieved due to the constraint of equal normal modules
for each gearing.

Design results for Concept C. As with Concept B, Equation 14
provides the number of teeth for Concept C. Because Looman’s
assembly rule (Eq. 13) is not satisfied, the number of teeth in

7z 7z g 2
2 2 2 2 2
p =1 —= p =1 p —=|>» =
1 1 1 1 1
I T I T 1
(a) i=25 (b) i=125
Figure 5 Concept A with gear ratio 25 and 125.
able 4 Desig oncept B
Inominal 5 25 125 Unit
Ninax 3 -
2.2y -50:17 -50:17 —40:17 -
52y -57:24 -b1:18 —42:18
Gearing Topl | p2:2 | 1:pl | p2:2 | 1:p1 | p2:2
U 0.054 | 0.047 | 0.048 | 0.047 | 044 0.05 -
H, 0.062 | 0.04 | 0.066 | 0.062 | 0.057 | 0.062 -
n 0.997 | 0.998 | 0.997 | 0.997 | 0.998 | 0.997 -
foce (BV) 5.19 (3.9%) 27.3(9.1%) 120.0 (4.0%) -
m, 2.2 3.7 6.6 mm
n 0.980 0.862 0.60
M* 0.76 3.59 17.46 -
* 0.96 4.95 18.41 -
able Desiq 0 Dt B
Inominal 5 25 125 Unit
Nipax 5 -
2.2y —62:17 —57:17 —61:17 -
52y —68:23 —58:18 —64:18 -
Gearing T:pl | p2:2 | 1:pl | p2:2 | 1:p1 | p2:2
u 0.053 | 0.048 | 0.044 | 0.044 | 044 | 0.049 -
H, 0.069 | 0.05 | 0.067 | 0.062 | 0.074 | 0.083 -
n 0.996 | 0.998 | 0.997 | 0.997 | 0.997 | 0.996 -
Tnotuar (M) 5.28 (5.6%) 25.7 (2.6%) 109.8 (12.1%) -
m, 2 3.5 5.2 mm
n 0.975 0.877 0.557
M* 0.75 4.10 15.71
V* 0.96 5.06 20.37
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Tnominal 5 25 125 Unit
Mpax 5 -
77y 23:17 52:17 39:17 -
22, 21:19 53:18 41:18 -
Gearing T:pl | p2:2 | 1:p1 | p2:2 | 1:p1 | p2:2
U 0.059 | 0.059 | 0.047 | 0.049 | 0.045 | 0.05
H, 0.163 | 0.159 | 0.124 | 0.126 | 0.145 | 0.162
n 0.990 | 0.990 | 0.994 | 0.994 | 0.994 | 0.992 -
Taetuar (B7) 5.46 (9.3%) 26.74 (7.0%) 140.4 (12.3%) -
m, 35 40 15 mm
n 0.922 0.765 0.330
M* 32 133 67.6
v* 3.7 15.6 78.9

(a) CONCEPT B3 (3 PLANETS)

(b) CONCEPT BS (5 PLANETS)

Figure 6 Concept B.
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--------- Concept B3
—+— Concept B5

Transmission Efficiency n [-]
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5 25 125
Gear Ratio [-]

Figure 7 Efficiency of conventional and low-loss external gear.
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sun gears 1 and 2 must be increased. Likewise, it is not possible
to find admissible numbers of teeth for gear ratios 25 and 125
that satisfy both the assembling rule (Eq. 13) and the center dis-
tance constraint (Eq. 8), where the gear ratio deviation is within
the permissible range. Therefore, appropriate addendum modi-
fications of the pinion and wheel have to be applied to achieve
the same center distances for both gearings.

Comparison of the Transmission Concepts

In terms of efficiency, Concept A takes advantage of the con-
sistently higher epicylic transmission efficiency #,,in compari-
son to the basic transmission efficiency #,, (Ref. 1). Even for
the concepts with higher gear ratios, Concept A features obvi-
ously the best efficiency values for all examined transmission
concepts. Concepts B and C are characterized by a high mesh-
ing power (P,,.,=T-(n-n,)) in relation to their input power,
which results in high power losses. Comparing Concepts B and
C shows that Concept C features lower efficiency values for
all gear ratios. The deviation is primarily the result of differ-
ent tooth-load factors Hy, for each gear pair. Generally, internal
gears feature lower load-dependent power losses due to lower
sliding velocities in the loaded gear mesh; so Concept B, with
two internal gear pairs, achieves higher efficiency values for
every gear ratio. Furthermore, the applied addendum modifica-
tions to Concept C could not be varied in any way that would
be the optimum to achieve low tooth-load factors, but had to be
chosen in order to reach the same center distances for both gear
pairs.

Generally, the results for weight and volume show propor-
tional behavior over the gear ratio. All of the concepts feature
approximately the same weight for gear ratio 5. Concept B3 is
even lighter than Concept A—although three planets are applied
to Concept B3 in comparison to four planets applied to Concept
A—and the tooth widths for the gears of Concept B3 are higher.
This is due to the lower center distance, which has a quadratic
influence on volume and weight. For higher gear ratios, Concept
A considerably exceeds the weight of Concept B due to the
increasing number of transmission components by connecting
two/three basic transmission stages. Concept C yields by a sig-
nificant margin the highest volume and weight for gear ratios 25
and 125, caused by the highest normal module and center dis-
tance of all concepts.

Conclusion

The appropriate transmission Concepts A, B or C for a speci-
fied application depend on the desired transmission gear ratio.
For a desired gear ratio of five, transmission Concepts A and
B feature similar values for weight and volume. For gear ratios
i=25 and i=125, two or three basic transmissions of Concept
A (Figs. 5a and 5b) must be applied, whereas Concepts B and
C do not change the basic structure for all gear ratios (Figs. 1b
and 1c). Concept A provides the highest efficiency value and a
very narrow design. If a gearbox with a low diameter is required,
Concept B achieves the best weight and volume values, while
the number of applied planets has a minor influence. A higher
number of applied planet gears results in a higher mesh load
factor, according to AGMA 6123-B06, as well as an increasing
difficulty in assembling the planets according to Looman with
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low numbers of teeth. Thus the number of teeth for the central 80,0
gears is increased in order to compensate for the advantage of —_ - Conkepas
a better power division for higher numbers of applied planets. ’ Pl CONCRpERs

—+— Concept B5

Only for high gear qualities where the mesh load factor drops
significantly could Concept B, with its high number of planets
and a reduced center distance, also be used for gear ratios high-
er than five. Concept C is characterized by the highest normal
modules and center distances, and it features the lowest effi-

&

—=— Concept C

wn
=
=

Normalized Weight m* [-]
S
(=1

ciency due to very high tooth-load factors. This is why using S0

Concept C is not recommended for high gear ratios. As already 20,0

mentioned, it is increasingly difficult for high gear ratios and a

high number of planets to comply with all of the geometric con- 10,0

straints, such as ensuring the assembling of the planets accord- 00 F— e

ing to Looman, not exceeding a given maximum gear ratio devi- 5 75 125
ation, and ensuring the same center distances of each gear pair. Gear Ratio [-]

The center distance constraint is increasingly difficult to satisfy
for the given requirements and low number of teeth. Therefore  Figure8 Weight of conventional and low-loss external gear.
a difference in the center distances of two gear pairs is offset by

applying addendum modifications for transmission concepts 90.0 ——
with high gear ratios. In that case the addendum modifications 80,0 et COTREGED
cannot be applied in the best way to reduce the tooth-load fac- 700 —+— Concept BS
tors, or, in other words, to increase efficiency. One possibility in = —a— Concept C
order to achieve equal center distances would be to use differ- W hLo
ent normal modules for each transmission stage. The addendum T% )
modifications can then be chosen so that the tooth-load factor 3
of each gear pair reaches a minimum. 8 ié

'g
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Mazak

CONVERTS PLANTTO MTCONNECT
PROTOCOL

As a first in the machine tool OEM industry, Mazak
Corporation is converting its Florence, Kentucky, manufactur-
ing plant over to the MTConnect open communications proto-
col. The transformation will allow Mazak to monitor its manu-
facturing equipment and gather valuable data that will be used
to further improve manufacturing operations. These improve-
ments, in turn, will ensure that Mazak customers are provided
the advanced technology they need as quickly as possible to
keep pace with today’s increased manufacturing production
demands.

S

In implementing the protocol into the Kentucky operations,
Mazak continues its MTConnect leadership and demonstrates
its commitment to the protocol as a powerful tool for all manu-
facturers to improve productivity, machine utilization and effi-
ciency. Mazak has been an ardent supporter of MTConnect
since its inception, offering all its machines with MTConnect
compatibility. Currently, over 100 Mazak customers are at vari-
ous stages of MTConnect integration within their own facilities
involving approximately 300 machines within a wide range of
model types.

“We continue to take a leadership position in propagating
the MTConnect open protocol,” said Brian Papke, president of
Mazak Corporation. “MTConnect’s value to our customers is
in the ability for them to establish extensive and open channels
of communication for plug-and-play interconnectivity between
devices. MTConnect allows software to be universally applied
between different types of machine models so that informa-
tion is readily available for improving machine tool utilization.
Using this capability, Mazak is taking another positive step in
further increasing the productivity of our North American
operations and ensuring the strong competitiveness of our
Kentucky manufacturing”

With MTConnect, Mazak will initially monitor overall equip-
ment efficiency. The company will also use MTConnect for
several custom applications unique to its manufacturing opera-
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tions. These applications include monitoring machine tool
spindle sensors for valuable maintenance data, as well as track-
ing part cycle times to benefit the company’s scheduling depart-
ment. But most significant, MTConnect working with third-
party software will make it possible for Mazak to incorporate
the use of mobile apps as methods for monitoring its manufac-
turing in real time.

With these apps, Mazak managers and other key personnel
will have access to live real-time data from equipment moni-
toring dashboards via mobile devices. Additionally, text and/or
email alerts and notifications can be received instantaneously
when certain manufacturing or equipment issues or conditions
arise.

According to Neil Desrosiers, Mazak’s developer of digi-
tal solutions, the full improvement potential resulting from
MTConnect at the Kentucky plant will be achieved when the
measurement data is collected and full potential machine tool
utilization is realized in the factory. This data will then be made
available for review to those attending Mazak’s Discover 2013
event beginning October 8. By that time, most machines in
the Kentucky factory will be able to be monitored via iPhones.
“We want to demonstrate to our customers that they, too, can
improve their productivity through MTConnect machine mon-
itoring capability. Because when it comes to machine tool per-
formance, you have to measure it before you can improve it,”
said Desrosiers.

Star SU

APPOINTS VICE PRESIDENT OF SALES

Star SU has appointed Thomas
Bell as vice president of sales for
its Cutting Tool division. Bell
earned a Bachelor of Science in
Marketing from Ferris State
University and an MBA from
Lake Forest Graduate School. He
has extensive experience in sales,
marketing and product manage-
ment within the metalworking
and steel industry. Bell was for-
merly the director of sales for
Schmiedewerke Groditz’s USA sales office. Groditz, located
in Germany, is a large open-die forging company. Prior to
his Groditz experience, he spent 19 years with specialty steel-
maker Bohler Uddeholm, where he served as vice president of
Cold Work Application & International Account Management.
During his tenure, he gained experience in all facets of tool
and die applications as well as concentration on specifier sell-
ing strategies, field sales management and distribution channel
management. Bell has held various trade association committee
positions within Precision Metalworking Association as well as
membership to APMI, SME and MSCI.
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GKi

ANNOUNCES MARKETING AGREEMENT
WITH ESCOFIER

GKI Incorporated, Crystal Lake IL, and Escofier, Chalon-
sur-Sadne France, have announced a marketing agreement
for Escofier’s products in the U.S. Escofier specializes in cold
rolling technology, including: gear burnishing, thread roll-
ing, spline rolling, knurling and cold forming of finned tubes.
The company’s proprietary systems are used by companies like
BMW, Ford, Hyundai, Mercedes Benz, Bosch and many others.
GKI has specialized in metalworking products & services in the
U.S. for 42 years, and is recognized for providing exceptional
service to its customers throughout North America. With this
partnership, GKI will provide support, service and spare parts
for Escofier’s customer base in the U.S. Escofier will be exhibit-
ing their tooling and equipment at the EMO international man-
ufacturing show in Hannover Germany, September 16-21 2013,
Hall 9.

Seco Tools

INKS SPONSORSHIP DEAL WITH ANDRETTI
AUTOSPORT

Seco Tools recently signed on
as a technical and supplier spon-
sor of the Izod IndyCar Series
championship racing team
Andretti Autosport. The team
led by racing legend Michael
Andretti also competes in the

Firestone Indy Lights, Pro
ANDRETTI

Mazda Championship
AUTOSPORT

ANDRETT]

and Cooper Tires
USF2000 Championship.
Seco is the latest to join an
elite group of technical spon-
sors that includes leading machine tool company DMG/Mori
Seiki USA. “We are excited to be affiliated with the legendary
Andretti name that has grown and transcended the sport of
auto racing over the past 50 years,” said Kurt Nordlund, presi-
dent of Seco Tools in North America. “Our partnership with
Andretti Autosport is a natural fit as both of us uphold a win-
ning tradition of performance excellence, and speed, precision
and reliability are all key to success in our respective industries.”
In addition to its new partnership with Andretti, Seco also
works with vehicle-based organizations around the world that
rely on the company’s advanced cutting tool solutions to over-
come tough machining challenges. Whether it involves helping
a shop reduce costs on a cylinder head application or develop-
ing new ways to cut engine materials, Seco’s advanced technolo-
gies, tools, strategies and component solutions help drive suc-
cess within the automotive industry.

THE KEYWAY & SPLINE CUTTING SPECIALISTS

KEYWAYS
& SPLINES

UP TO 20”
IN LENGTH!

BROACHING
SERVICES:

THROUGH, BLIND HOLE,
KEYWAYS, SPLINES,
SHAPING, SLOTTING
AND KEY SEATING

Tﬁ‘ roaching

TECHNOLOGIES LLC

262-820-1200

MACHINES ° TOOLING * SUBCONTRACTING

§ WWW.KEYWAY-SPLINE-BROACHING.cCOM |

SDP

| 1
REGISTERED

Sl e
Stock Drive Products / Sterling Instrument REGISTERED

QUALITY WITHOUT COMPROMISE!

PRECISION GEAR MANUFACTURING
For 50 years Sterling Instrument,

ISO 9001 and AS9100 Registered, has
been designing and manufacturing
precision gears and assemblies for defense
and aerospace applications. Our in-house
capabilities include, but are not limited to,
planetary gearheads, differentials, worm
drives, spur gears, and racks.

YOUR SUCCESS IS OUR BUSINESS;
CALL TODAY!

Stock Drive Products | Sterling Instrument
2101 Jericho Turnpike, New Hyde Park, NY 11040
Phone: (800) 819-8900 (516) 328-3300 - Fax: (516) 326-8827

Email: sdp-sisupport@sdp-si.com - www.sdp-si.com
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Large Bevel Equipment
Installed and Commissioned

Spiral Bevel
30 module
62" (1600 mm)

30 module
80” (2000 mm)

Bevel Gearns (Tndia) Put. Ltd.

Bangalore, India
Tel: +91 80 28410239

'1 1% Fax: +91 8028410185
e, [ —
EXHIBITOR Jamalgrp@bevelgearsindia.com

Booth #706 : N
1SO 9001:2000 www.bevelgearsindia.com

SUHNER.

/[
\

www.suhner.com

Flexible Shafts &
Spiral Bevel Gears

Two different ways to transmit rotary motion.

SUHNER

SUHNER Manufacturing Inc. - Rome, GA 30161
Phone: 706-235-8046 - info.usa@suhner.com
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William Mark

RELEASES BOOK ON GEAR METROLOGY

Performance-Based Gear

Metrology: Kinematic-

Transmission-Error Computation Performance-Based

and Diagnosis, written by William Gear Metrology

Mark, Ph.D., is a mathematically o fon-Error

rigorous explanation of how man-

ufacturing deviations and damage

on the working surfaces of gear

teeth cause transmission-error
contributions to vibration excita-
tions

Some gear-tooth working-sur-
face manufacturing deviations of
significant amplitude cause neg-
ligible vibration excitation and noise, yet others of minuscule
amplitude are a source of significant vibration excitation and
noise. Presently available computer-numerically-controlled
dedicated gear metrology equipment can measure such error
patterns on a gear in a few hours in sufficient detail to enable
accurate computation and diagnosis of the resultant transmis-
sion-error vibration excitation. How to efficiently measure such
working-surface deviations, compute from these measurements
the resultant transmission-error vibration excitation, and diag-
nose the manufacturing source of the deviations, is the subject
of this book.

Use of the technology in this book will allow quality spot
checks to be made on gears being manufactured in a produc-
tion run, to avoid undesirable vibration or noise excitation by
the manufactured gears. Furthermore, those working in aca-
demia and industry needing a full mathematical understanding
of the relationships between tooth working-surface deviations
and the vibration excitations caused by these deviations will
find the book indispensable for applications pertaining to both
gear-quality and gear-health monitoring.

Key features:

« Provides a very efficient method for measuring parallel-axis
helical or spur gears in sufficient detail to enable accurate
computation of transmission-error contributions from work-
ing-surface deviations, and algorithms required to carry out
these computations, including examples.

« Provides algorithms for computing the working-surface devi-
ations causing any user-identified tone, such as ‘ghost tones;
or ‘sidebands’ of the tooth-meshing harmonics, enabling
diagnosis of their manufacturing causes, including examples.

o Provides explanations of all harmonics observed in gear-
caused vibration and noise spectra.

« Enables generation of three-dimensional displays and
detailed numerical descriptions of all measured and comput-
ed working-surface deviations, including examples.

@WILEY

The book is currently available from Amazon.

Mark is senior scientist applied research laboratory and
professor emeritus of acoustics at The Pennsylvania State
University.
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GMTA

ANNOUNCES RENOVATIONS AND
PERSONNEL CHANGES

German Machine Tools of America
(GMTA) represents various top-qual-
ity German metalworking machine
builders, including Profilator, Pittler,
Praewema and WMZ. These machines
are sold to the North American market
by GMTA primarily for gear and spline
production, as well as other power
transmission applications. The compa-
ny’s target markets include automotive,
off-highway, OCTG and other heavy
equipment manufacturing. Machines
are provided for gear honing, gear
grinding, Scudding, polygon milling,
turning, gear tooth pointing and mul-
tiple machining operations.

The renovation of the GMTA facil-
ity in Ann Arbor, Michigan is now
complete with plans in the works for future expansion of the
campus. Additional floorspace, showroom capacity and train-
ing facilities, plus more personnel, are planned, according
to company VP Scott Knoy. In that regard, two personnel
announcements were made by GMTA company President
Walter Friedrich on August 1. Doug VanDeven is now GMTA
parts manager and Shawn Wilkin is now GMTA service man-
ager. As Friedrich remarked, “These two positions are essential
parts of our business, as they reflect our company’s image to our
customers.”

Sandvik Coromant

APPOINTS VP MARKETING AND
COMMUNICATION

Bjorn Roodzant has been appoint-
ed vice president marketing and
communication at Sandvik
Coromant. He takes over from
Jessica Alm, who recently became
executive vice president and head
of group communications at the
Sandvik Group. Roodzant most
recently served as senior man-
ager of Global Web, Mobility and
E-marketing at Sandvik Coromant.
Prior to that, he was director of
communications, Sandvik Coromant U.S., based in Fair Lawn,
New Jersey, where he drove U.S. marketing operations, includ-
ing communications, public relations and online marketing.

USA Office

Galaxy Sourcing Inc
849 South Westwood Avenue, Unit C
Addison, IL 60101-4927

Tel: 630-532-5003, Fax: 630-749-4242

Email: sales(@galaxysourcing.com

Steelmans Boache
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SIMansSgears.com

My Gear is Perfect!

Choosing a rebuilder that meets your specific lists of cri-
teria is just as important as selecting the proper fishing
gear. When your machine is reliably cutting repeatable
gears and the pitch is perfect and root depth is accurate;
it’s a good day. This affords you the opportunity to at-
tend GearExpo2013 and then “Go Fishing”.

Call 815.636.7502 or visit www.machinetoolbuilders.com

-
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-

‘e* %
[ ] MTB Machine Tool Builders
‘ REBUILDING « RECONTROLLING « SERVICE
RSN 4
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H ’." See you at GEAREXPO2013,
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September 16-21—EMO Hannover 2013. Hannover,
Germany. Under the motto “Intelligence in Production,” EMO
will be showing what modern-day production technology looks
like and who is offering it. “Everyone wants to be there. That’s
why once again the EMO Hannover is well set to continue its
success story,” says Carl Martin Welcker, general commissioner
of EMO Hannover 2013. At the beginning of the year, more than
1,600 companies from 34 different countries had already regis-
tered: they will be occupying around 145,000 m? of net exhibi-
tion space. Thus the current registration status is significantly
higher than the comparable figure for the preceding event. The
flourishing demand among vendors of production technology
evidences the high perceived importance of EMO Hannover as
one of the sector’s international highlights and as a superla-
tive platform for innovations. “Meet the world at EMO” is one
of the most important arguments for participating. It’s not

only German manufacturers who have registered for large-size
stands. Asian companies are particularly prominent in showing
the flag, with firms from Japan, China, Taiwan and Korea keen
to play a bigger role on the global market. They have once again
upsized their areas compared to the preceding event’s equivalent
period, a trend that’s been observable for some years now. In all,
Asia currently accounts for a good fifth of the EMO’s exhibitors.
For more information, visit www.emo-hannover.de.

September 17-19—Gear Expo 2013. indiana
Convention Center, Indianapolis, Indiana. Gear Expo is a bien-
nial event designed exclusively for the gear industry. For three
days, gear buyers and manufacturers network and build rela-
tionships that benefit their respective companies. Attendees
see firsthand the latest technology on the market and discuss
trends in the industry with experts. Exhibitors have the oppor-
tunity to meet face-to-face with attendees and other exhibitors
and will display more than 750,000 pounds of machinery on
the show floor. Thousands of professionals from around the
United States, international manufacturing hubs, and emerg-
ing markets conduct profitable business transactions and col-
laborate on the innovations that make their operations more
streamlined. The ASM Heat Treating Society Conference and
Exposition is co-located with Gear Expo 2013. For more infor-
mation, visit www.gearexpo.com.

October 15-17—-School for Gear Manufacturing
Technology. Anaheim, California. Hosted by Gear
Manufacturing Inc. (GMI), this three-day seminar is designed
to give the student a deeper understanding of the relationships
between the geometry of the gear and the manufacturing and
inspection processes leading to a practical, logical approach

to trouble shooting. In this regional course we address the
problems associated with gear generation (hob and shape)

and gear finishing (grind and shave), for cylindrical gears, in
respect to the machine tool and the associated tooling and cut-
ters. Analysis of inspection results from traditional manual and
digital inspection processes are covered in depth. New for 2013
is an introduction to the new AGMA standards, which relate
directly to the international ISO standards. For more informa-
tion, visit www.gearconsultinggroup.com.
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October 15-17—Westec 201 3. Los Angeles Convetion
Center, Los Angeles. Westec returns to California amidst an
encouraging environment that has seen a measurable increase
in exports, production, overall employment growth, and recent
legislation designed to enhance the state’s manufacturing
sector. While California has long been the nation’s leading
industrial state, recent economic gains have been powered by
new technologies, many of which will be on display during the
show. Produced by SME, Westec has built a reputation as a tech-
nological showcase for the manufacturing industry for nearly
50 years. Generations of manufacturers have used the event

as a forum to find cutting-edge equipment, explore advanced
technologies, and learn innovative new production methods to
help grow their businesses. Many of the industry’s top equip-
ment manufacturers unveil technological breakthroughs at
Westec—from software to cutting tools, 3-D printers to multi-
tasking machines. Several manufacturers, such as Boeing, BYD
and Ecologic Brands, all opened or announced increased manu-
facturing programs or facilities within the state of California
recently. “We are greatly encouraged by recent developments in
California, which has seen an uptick in manufacturing and pro-
duction.” said Christine Longroy, Westec event manager. “The
economic climate is one of the reasons why we decided to move
Westec up from March 2014 to October 2013.” For more infor-
mation, visit www.westeconline.com.

October 16-18—Kapp-Niles Rocky Mountain Gear
Finishing School. Boulder, Colorado. The Sixth Annual
Kapp-Niles Rocky Mountain Gear Finishing School (RMGEFS)

is designed to benefit gear manufacturing engineers, machine
operators and production managers, as well as gear designers.
The opening presentation, Gear Basics, provides a solid foun-
dation, including a section on gear nomenclature for relative
newcomers. The RMGFS provides both classroom-style and shop
floor lessons, each focusing on advances in profile and generat-
ing gear grinding. In the multi-layered program, sessions are
interconnected and lead each step to the next. Participants study
the principles and mechanics behind different gear finishing
processes, apply them through practical sessions on a Kapp-
Niles machine, and hold group workshops for discussions. For
more information, visit www.kapp-usa.com.

October 28-31—Power Transmission and Control
2013. shanghai New International Expo Centre, Shanghai,
China. Organized by Deutsche Messe, PTC Asia is the continent’s
leading trade fair for electrical and mechanical power transmis-
sion, fluid power, compressed air technology, machine parts,
bearings, linear motion systems, internal combustion engines
and gas turbines. Sponsors include Bosch Rexroth, Emerson,
DMG, Parker, Siemens, EMAG, SKF, Lenze, Tsubaki, ABB, NSK,
SEW Eurodrive, Gates and others. An important part of PTC
ASIA is the gathering of companies from industries including
gears, chain transmission, belt transmission, couplings, brakes,
electrical power transmission, fasteners, springs and powder
metallurgy. It is held in combination with CEMAT Asia 2013, the
international exhibition for material handling, automation tech-
nology, transport systems and logistics. For more information,
visit www.ptc-asia.com/EN/.
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Tokyo Technical Instruments—page 18
www.tti-geartec.jp

Wenzel-page 62
www.wenzelamerica.com

Yager Gear Enterprise Ltd.—page 110
Www.yagergear.com

Zoller—page 80
www.zoller-usa.com
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Documented
Quality Control Program
_._

Inspection Lab
including Complete
Gear Tooth Diagnostics

All Sizes & Configurations

o Circle Gear and Machine
‘ Revefse Englneenng Quality Custom Gearing Since 1951
* Design Analysis

1501 South 55th Ct. « Cicero, IL 60804
* Complete Machine Shop Including CNC Machining

Ph: 708-652-1000 * Fax: 708-652-1100

Careers geared to succeed.

GLOBAL GEAR ENGINEERING OPPORTUNITIES AVAILABLE

We're looking for talented engineers with
at least seven years of experience in
gear manufacturing to join our business
in Baguio City, Philippines, Torrance,
California and Wolverhampton, United
Kingdom. If you are interested in joining
our team in the Philippines, but are not
a resident there, you will receive housing
benefits and travel allowance.

To apply, please send your resume to

tpotts@moog.com or visit moog.jobs

MOOG

—— YOU CANDOTHIS

Q(Uear
" onsulting
_Jroup
3DAY CLASS to cover the practical aspects of gear technology and
geometry aiming toward a logical approach to trouble shooting and

optimizing the manufacturing processes

* Trouble shooting the process ¢ Hob shifting procedures and
from inspection data. optimization.

School for

Gear Manufacturing Technology

Conducted by
Geoff Ashcroft, Gear Consulting Group

¢ Gear geometry and its
relationship to gear

generation. e Cutter wear and failure o Use of standards.
* Gear inspection procedures analysis. « Open forum on attendee’s
and analysis. e Cutter materials and coatings.  experienced problems.

* Understanding the processes of e Optimization of feeds
and speeds.

Hobbing, Shaping and Shaving.

2013 Class Schedule

October 15, 16 & 17, 2013 / Anaheim, CA
GMI (Gear Manufacturing Inc.)

$925.00 including all documentation
and lunch for all three days

Contact Bobbie ph: 904-392-0907
gearconsulting@aol.com

More information
www.gearconsultinggroup.com

OVERTONCHICAGOGEAR
PROCESS-DRIVEN PRECISION

Gear boxes

Herringbone
Large internal
Worm gearing

Gleason bevel gearing up to 4 meters

Spur & helical

Klingelnberg bevel gearing up to 4 meters

Chicago ¢ Addison e Lombard
(630) 543-9570
WWW.0C-gear.com
sales@oc-gear.com

125 years of precision ears
for the most demanding

gear applications.

Sharpening Service
for hobs, milling cutters, shaper cutters,
shaving cutters and broaches

DULL HOBS
Equal Serious Downtime oo
But We Can Help...

Service locations in:
» Hoffman Estates, IL
Tel: 847.649.1450

.‘::_E;s_t Tawas, M|
= Té1"989'362! __
iﬂu\aré&ru.i\ﬂélco‘ )

1624422173445
{e :%&4221,7344!5@ '

.A‘\‘l‘.

Fax: 847.649.0112

You need your tools back Fast eliminating downtime
and tuned to meet or surpass original design specs
and that's where we come in... period.
Stripping & ra-coating services available.

I n d eXTechnologues

’ % Gear Tool Reconditionin:
LTI g

‘\'HI',

rrone: 216.642.5900 ras: 216.642.8837
5755 CANAL ROAD - VALLEY VIEW, OH 44125

WWW.GALLENCO.COM

salé.s'@été?esif.cdiﬁ-' !
www.star-su:;pmf.,;ﬁ;‘_

~ -
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Spiral Bevel Gears

for Electric and Pneumatic Tools,
Machine Tools, Agricultural
Machinery and Automobiles

1S0 9001:2008

.y

Yager Gear Enterprise Co., Ltd.
ADD: No. 57, Shigu Ln., Guozhong Rd., Dali Dist.,
Taichung City 412, Taiwan

Tel: +886-4-24076223 EXT. 30

Fax: +886-4-24076218

E-mail: sa02@yagergear.com
http://www.yagergear.com
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GEAR MARKING SYSTEM

* FOR SALE x

GEAR HOBBER & GEAR SHAPER

LIEBHERR LC300 6-Axis CNC Gear Hobber

with Auto Loading ( Stock #10933 )
300mm Max. Dia. ® 4mm Module ® 600mm Axial Travel

200mm Shaft Travel ® 160mm Hob Diameter
240mm Hob Length e Siemens 840D CNC ¢ New 2005

LORENZ LFS282 CNC Gear Shaper ([ esis
with Auto Loading (Stock #10842) Condition
320mm Table ® 280mm Max. Dia. ® 100mm Max. Stroke
80 - 1200 SPM e Tilt Head ® Liebherr CNC ® New 1999

More Photos at www.graymachinery.com

Call or Email Glenn for more information
847-537-7700, x601 » glenn@graymachinery.com

G A MACHINERY COMPANY
77 E. Palatine Rd., Prospect Hts., IL

Ingenuity in Motion

Gearbox Repair
| Gear Metrology
- Gear Grinding to 2600 mm
" Industrial Gears
Custom Gearboxes
Turbo Compressor Gears
Machining
Emergency Service
ISO 9001 Certified

Seattle, Washington | 206.762.3333
ARG gearwor ks.com

FOR SALE

1981 OERLIKON
SM3 & S27

W/OERLIKON SKB Blade Grinder
AIRCRAFT QUALITY

MACHINERY

EXCHANGE.COM

michael@goldsteingearmachinery.com

Your Gear Machinery Disposal Expert

Kwik Mark Inc

Dot Peen Marking System

* Type or Teach Positioning
¢ Date / Time Shift Coding
¢ Sequential Numbering

¢ No PC Required
e CF Card Memory
e Dual USB Ports

American
Made

www.kwikmark.com
info@kwikmark.com ¢ 815-363-8268

WANTED

MAAG HAND-HELD
PITCH TESTERS
MODELS TMC, TML, TMA

MACHINERY

EXCHANGE.COM
www.gearmachineryexchange.com

GEAR TOOL
ARPENING

+ Straight and spiral gash hobs
« Spur or helical shaper cutters
« HSS or carbide

b, “ Trust your gear tools

to those that know them

€1 1 3 =0 3 3 ;]
—  AMERICA, LLC

sales@koepferamerica.com
847-931-4121
Koepfer America, LLC

t Drive, South Elgin, IL 60177
/7 www.koepferamerica.com

FOR SALE

GLEASON
INDEX PLATES

Lift & Drop Cams, Genevas

for MODELS
605-610

Generators

GLEASON

Model 642

G-Plete Hypoid Generator

13" (330 mm), 3.4 DP (7.5 Module), Excellent, Pinions, Ring
Gears, Helical Motion, Formate,
Extented Tilt, 1982

_______FORSALE |
GLEASON MODEL 114

STRAIGHT BEVEL "CONIFLEX"
GEAR GENERATOR

AIRCRAFT QUALITY

16" (400MM) DIAMETER TOOLING
BLADES, CUTTER LIFTING RIG

FOR SALE

1980 OERLIKON
SL3 LAPPER

AIRCRAFT QUALITY

MACHINERY

EXCHANGE.COM

michael@goldsteingearmachinery.com
Your Gear Machinery Disposal Expert
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AJMECHANICALLYJMARVELOUSISEAJSAGA:

Plumbing the Depths of Cold War Paranoia

Jack McGuinn, Senior Editor

In the summer of 1974, long before Argo, there was “AZORIAN” —the
code name for a CIA gambit to recover cargo entombed in a sunk-
en Soviet submarine —the K-129 —from the bottom of the Pacific
Ocean. The challenge: exhume —intact —a 2,000-ton submarine and

its suspicious cargo from 17,000 feet of water.

The Soviet sub had met its end (no one
claims to know how, and the Russians
weren’t talking) in 1968, all hands lost,
some 1,560 nautical miles northwest of
Hawaii. After a Soviet-led, unsuccessful
search for the K-129, the U.S. undertook
one of its own and, by the use of gath-
ered sophisticated acoustic data, located
the vessel.

What made this noteworthy was that
the U-boat was armed with nuclear mis-
siles. Nuclear arms-capable submarines
posed a new threat to the U.S. and its
allies in that missiles launched from a
submarine cannot be detected on radar
until they are already underway to their
target. For the bold caper to succeed,
however, a cover story, a distraction —or
a McGauffin, as Hitchcock enjoyed putting
it— was needed; more on that follows.

($3.7 billion in 2013 dollars),” but none
of it came out of Hughes’ pocket.
Designated by ASME in 2006 as “a
historical mechanical engineering land-
mark;” the ship had an array of mechani-
cal and electromechanical systems with
heavy-duty applications requiring robust
gear boxes; gear drives; linear motion
rack-and-pinion systems; and precision
teleprint (planetary, sun, open) gears.
One standout was the Glomar’s
advanced rack-and-pinion jacking sys-
tem: its impressive motors and gear
boxes provided the massive lifting force
needed for bringing the sub to the sur-
face. Other marvels cited by ASME: a
“claw” (think old-timey arcade game)
designed to grab and hold the submarine
with mechanically articulated fingers
that used surface-supplied sea water as a

“No one had ever tried to design an at-sea docking system for such massive
bodies. To have gotten it right on the first try, without the benefit of today’s
CAD/CAM capabilities, is simply incredible’”

David H. Sharp, author of The CIAs Greatest Covert Operation

ClIA head of systems recovery on the Hughes Glomar Explorer

The custom-designed, one-off ves-
sel was the Hughes Glomar Explorer.
The ships “owner” was none other than
storied aviator and inventor Howard
Robard Hughes, Jr. Hughes was recruit-
ed for the “job” by the CIA, and one can
only wonder at the reaction from the
bizarrely private and legendary paranoid.
In truth, however, Hughes had little to
do with building the Glomar Explorer;
it was only the Hughes brand that was
needed —as a front. Project Azorian
proved to be “one of the most complex,
expensive, and secretive intelligence
operations of the Cold War —at a cost of
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hydraulic fluid; a motion-compensated,
gimbaled (bearings, bearings) work plat-
form system for enhanced roll, pitch.and
heave motion control.

And that cover story that was used by
the CIA to explain the presence of the U.S.
ship in international waters? People paid
to know these things (oceanographers)
say that areas of the Pacific sea floor are
paved with manganese nodules. Seizing
upon this serendipitous cover afforded
them, the G then approached Hughes
about using a deep-ocean mining project
(the nodules) of his as a front for the clan-
destine project. Hughes was all-in.

and '

|

Undated photo of a young
Howard Hughes —
entrepreneur, inventor,
movie producer — whose
Jimmy Stewart-like
appearance here belies
the truly bizarre enigma
he would later become.

But now, the bad news: After a num-
ber of attempts, the ship’s “custom claw”
managed to sustain a firm grip on the
submarine, but at about 9,000 feet
roughly two-thirds of the (forward) hull
broke away when a number of the claw’s
teeth failed. The broken hull of the sub-
marine returned to the bottom, and with
it most of the intelligence that the CIA
was expecting to recover. The Explorer
did ultimately retrieve the section of the
hull — along with the bodies of six Soviet
submariners.

Spook watchers have speculated over
the last 30+ years as to the intelligence
that Project Azorian sought so dear-
ly —and expensively. The gambit’s cost
overruns have been estimated at about
$500 million —in 1974 dollars. The CIA
would not so much as reveal the mis-
sion’s name until 2010.

A second mission to recover the
K-129s broken hull was scheduled, but
the mission was scrapped as the U.S.
government was attempting at the time
to improve relations with the Soviets.
In 1976, Hughes died — intro irony
here — on an airplane while en route
to Methodist Hospital in Houston. The
Glomar Explorer was eventually “de-
commissioned”.and in 1997 was leased
out for deep-water drilling. She was
stripped of her high-tech mechanical
systems, her “marvel” status along with
them. (&

(Sources: cia.gov; hnsa.org; navsource.
org; historylearningsite.co.uk; gwu.edu;
asme.org)
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STRAIGHT BEVEL GEARS:. 80"PD

EDM WIRE BURNING

REVERSE ENGINEERINGEEBREAKDOWN SERVICES

o PR
Tou mee: 500235065
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INTRODUCING

THE NEW WINNIT

BY KLINGELNBERG

E

OERLIKON

KLINGELNBERG OERLIKON HOFLER
MEASURING TECHNOLOGY BEVEL GEAR TECHNOLOGY CYLINDRICAL GEAR TECHNOLOGY
If you establish a winning team, you need awesome key players. DlSCLOSl NG

Such as the new groundbreaking innovations of Klingelnberg.

THE SECRET AT:

For your advantage in the major league of gear manufacturing.

Introducing the new team lineup: EMO Hannover

EMO 2013 (Europe) and GEAR EXPO 2013 (USA). gMg ;‘:""521:::"1';3112013
We're looking forward to seeing you. Be excited ... Hennover Hanover, Germany

Win the match: KLINGELNBERG America, Inc. i
www.klingelnberg.com p. +17344706278 September 17-19, 2013
Indianapolis, IN, USA

www.hofler.com e. usa.sales@klingelnberg.com

g
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MEASURING TECHNOLOGY BEVEL GEAR TECHNOLOGY CYLINDRICAL GEAR TECHNOLOGY c
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