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1000 VBS _
Vertical CNC Gear Shaping

Patented shaper head advances shaping
technology

Improving on the best teatures from Fellows gear shaping machines,
Bourn & Koch created the new 1000 VBS vertical shaper. Its patented
shaping head technology offers

» CNC controlled quick return

* CNC conftrolied back off and cutter offset

« CNC controlied tapering, crowning, contouring

« CNC control of the helix motion of the cutter spindle
{electronic guide)

* Powerful, uniform linear cutting speed in the cul

These sturdy machines are designed to eliminate vibration and preserve
alignment over generations of use. The vertical slide is equipped with

both rapid traverse and CNC feed in either direction via a precise,
hardened, anti- backlash preloaded ball screw.
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The cream of the gear world? Seems incongruous, but let's
see...it would be a shop that makes the very best gears, using
absolutely the latest CNC machine tool technology, the

best metrology in its lab and the most careful handling and
packaging procedures possible, all in a whistle-clean shop that’s
greener than a shamrock on 5t. Paddy’s Day.

It would also be staffed by true gearheads, who live and breathe
the science of gearmaking, often improving their customers’
designs by making recommendations based on, oh, 55+

years of experience producing gears for the toughest, most
demanding applications you can imagine.

OK, we've “milked” this scenario for all it's worth.
The cream, in this case, is us.

For a “taste” of the best gear company in the “market’, grab a
gallon of www.forestcitygear.com. With your first order, we'll

throw in the cookies!
bl
FOREST CITY GEAR

11715 Main Street, Roscoe, IL 61073 815-623-2168
www foresicitygear.com
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“Increased productivity requires quick

and efficient high volume chip removal.”

The answer:
the vertical high performance OERLIKON C 50.
* On-board inspection system

and correction settings

* 6-axis free form deburring

* Direct drive technology for all rotating axis
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* Flexible layout and automation
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KAPP

CUSTOMERS Say it Best

48Y

“We at Delta Gear chose

the Kapp VUS 55 & VUS 57
because they are recognized
as the benchmark CNC gear
grinders for the aerospace
industry. Our sister company
Delta Research also uses the
Kapp VUS 55 & 57 for proto-
type automotive gear grind-
ing as their versatility makes
Kapp the best in the industry

for internal gear grinding.

We like our new KX 500 FLEX
machine because of its flex-
ibility. It has both speed for
generating grinding, and
quick set-ups for profile
grinding of smaller parts. This
machine is solidly built.”

— Delta Research

KAPP O NILES

kapp-coburg.de | niles.de | kapp-asia.com | kapptec.com

The KAPP VUS 55 & 57
machines at Delta’s

new 72,000 Sq Ft facility
in Livonia, Ml

deltaresearch.com

KAPP Technologies

2870 Wilderness Place Boulder, CO 80301
Phone: (303) 447-1130 Fax: (303) 447-1131
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The Inspiring ZGA2000
Grinding Machine

When silence speaks volumes

and smoath performance s critical,
the Mitsubishi ZGA2000 gear

tarm grinder certainly makes an
impression. Engineered to craft gears
in a way most suitable to meet the
high performance needs of the wind,
industrial, construction and mining
industries, this form grinder and

its siblings up to 4000mm are truly
in & class of their own. With CNC
programs specifically developed

to grind virtually any tooth profile

in combination with an interactive
measuring system, the precision
capabilities are unsurpassed.

The ZGA gear grinders' fit
autonomausly into the Mitsubishi
series of large gear machines by
drawing on technologies gleaned
from other Mitsubishi large machining
produets. Incorporating innovative,
leading edge ideas, tailored
specifically to the production of high
precision toath profiles, the ZGA
class js positioned at the pinnacle
of technology.

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

MITSUBISHI

HEAVY INDUSTRIES AMERICA, INC,
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46202 Libarty Drive'» Wixom_ M1 48353
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REACHING OUT

At Gear Technology, we’ve long considered ourselves
digital pioneers. We were among the first to launch our web-
sites, beginning with www.geartechnology.com in 1996 and
www.powertransmission.com in 1997. We were also early
adopters of the electronic magazine format, launching E-GT
in 2003.

But until now, we’ve held off from entering one par-
ticular digital frontier: e-mail newsletters. Although e-mail
newsletters have
been around for a
long time, we’ve
resisted the urge
to launch any of
our own—at least
until we could get
it right. We didn’t
want to inundate
our readers with
canned news items,
articles only tan-
gentially related to the gear industry, or rehashed informa-
tion they’ve already seen. If we were going to publish news-
letters, we wanted the issues to have a purpose, be focused
and be valuable to our readers.

I’m pleased to say that with the launch of the Gear
Technology and Power Transmission Engineering e-mail
newsletters in January, I think we achieved those goals. And
if our readers’ reactions—as judged by the e-mail open rates
and click-through rates—are any indication, many of you
agree.

Our goal with the newsletters was to expand the depth
and breadth of information about our industry that we’re
delivering to our readers. So one of the first things we did
was line up a selection of topics—one for each month—that
would be important to our readers. Many of these are topics
we don’t always have the opportunity or the space to cover
as well as we’d like in the printed magazines.

For 2011, the Gear Technology topics are hobbing, shav-
ing, shot peening, deburring, grinding, bevel gear manufac-
turing, services, heat treating, non-gear machinery, honing/
lapping/polishing, gages and measuring tools, and used
machinery.

For PTE the topics are motion controllers, custom gear
manufacturing, linear motion, sensors, hydraulics and pneu-
matics, enclosed gear drives, maintenance tools, seals, gear-
motors, lubrication, belt and chain drives, and servomotors.

With each issue of the e-newsletters, we aim to give you
at least one exclusive article that you can’t get anywhere else.
For example, Gear Technology’s January e-newsletter includ-
ed a feature article on gear hobbing, including coverage of the
latest in equipment and technology from the major machine
tool manufacturers. February’s edition included an in-depth
interview with executives at Sicmat, who discussed the latest
innovations in gear shaving.

One of the benefits of a digital newsletter is the format

= ZIIENNS S S

makes it easy to embed links to videos or other dynamic
offerings that just aren’t possible with our print edition. For
example, the January newsletter article on hobbing included
links to videos of many of the machines and processes in
action.

Each issue also includes links to articles in our archives
that are related to the focus topic, and these are among the
most popular links followed so far. It’s gratifying to know
that many of these
articles are just as
important and use-
ful today as they
were when they
were first written.
We’ve made an
effort to choose
the best articles
and we’ve also
included a num-
ber of “Back to
Basics” articles—for which we’ve had numerous requests—
because they are so useful for newer engineers, or those new
to gearing.

The Gear Technology e-mail newsletter is being success-
fully delivered to about 10,000 recipients per issue. The PTE
e-mail newsletter is being successfully delivered to about
8,500. Thank you to all of you who have helped us keep
your e-mail addresses up to date.

If you haven’t received one of these newsletters yet, you
can read the previous issues online. Just visit www.geart-
echnology.com/newsletter or www.powertransmission.com/
newsletter.

While you're at the site, why not also renew your sub-
scription to Gear Technology’s printed version. It only takes
a minute or two, and subscribing gives you access to our
archive of online back issues. If you’re not sure whether
you’ve signed up recently or not, check the front cover of
your magazine. If there’s a subscription form attached, it’s
time to renew.

Also, if you think you have a story to tell, or if one of the
upcoming focus topics is of interest to you, you can become
either an editorial contributor or an advertiser. Just send an
e-mail to publisher @ geartechnology.com.

Finally, we’d love to know what you think about the
e-newsletters. Judging by the traffic and activity we’ve
seen so far, it’s clear that the e-newsletters have been well
received by many readers. But every opinion is important to
us, so if there’s some other kind of information you’d like us
to add or change, please let us know. As always, the sugges-
tion box is open at publisher @ geartechnology.com.

e

%iﬂgha%oldstein,

Publisher & Editor-in-Chief

s @
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AGMA VOICES

Standards Development:

Enclosed Drives

Todd Praneis, Cotfta Transmission Co.

Who doesn’t like
to see their name in
print, or words that
they’ve written be
included in part of an
international docu-
ment? It’s an amazing
feeling to be part of a
group that helps shape
worldwide activities.

What am 1 talk-
ing about? Well, it’s
membership and
activities in a com-
mittee in the AGMA
Technical Division
of course. I original-
ly became interested
in finding out what
exactly happens in one
of these committees,
and now I am chairman on one com-
mittee and contributing to two others!

I currently hold the chairman
position of the Enclosed Drives com-
mittee. We have responsibility for
AGMA standards 6001-E08 “Design
& Selection of Components for
Enclosed Drives” and its metric coun-
terpart 6101-E08; 6013-A06 “Standard
for Industrial Enclosed Gear Drives”
and its metric counterpart 6113-A06;
as well as information sheet 14179-1
“Gear Reducers — Thermal Capacity
Based on ISO/TR 14179-1.” Our com-
mittee also provides a technical adviso-
ry group (TAG) response to ISO work-
ing group 10 activities. This basically
provides the U.S. position on any pro-
posed standards or documents that ISO
is revising or creating.

AGMA 6001/6101 deals with
design of the major non-geared, load-
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bearing components in a geared drive:
shafting, keys, fasteners, bearings and
housings. AGMA 6001/6101 went
through a major edit for its “D” revi-
sion released in 1997. Since then, the
committee was tasked to review the
content and make improvements and
modernization where possible. A lot
of work was put into making the shaft
deflection example more “program-
ming friendly” and to continue the
great work done for the D97 release.
Another significant amount of time
was spent on refining the key and fas-
tener sections to align more with other
international standards.

AGMA 6013/6113 is a “new” stan-
dard in that it combines and supersedes
two other standards: AGMA 6009-
AO00 “Standard for Gearmotors, Shaft
Mounted and Screw Conveyor Drives”
and AGMA 6010-F97 “Standard for

www.gearfechnology.com

Spur, Helical, and
Herringbone and
Bevel Enclosed
Drives.” AGMA
6013/6113 cov-
ers topics dealing
with both gear rat-
ing specifics from
AGMA 2001-
D04 and general
enclosed gear drive
component design
and configurations
such as service
factors, preferred
ratios, shaft diame-
ters, standard shaft
configurations,
lubricant selec-
tion and others.
This was an admi-
rable effort by all involved to not only
combine standards and resolve any
inconsistencies, but to incorporate an
entirely new lubrication section based
on AGMA 9005-D94. During the cre-
ation of the new standard, the ther-
mal rating section of AGMA 6010-F97
was removed and incorporated into the
AGMA information sheet 14179-1. As
with most standard revision, efforts
were made to incorporate the latest
information from other AGMA stan-
dards. This required an update to the
rating formulas based on AGMA 2001-
D04 and also added some updates to
the stress cycle factor.

AGMA/ISO 14179-1 was an
extract from AGMA 6010-F97 with
an update based on the referenced ISO
standard. We felt that the subject mat-
ter was deserving of its own informa-
tion sheet and shouldn’t be tucked



away inside of another standard. At the
time of creating the information sheet,
we were able to incorporate the great
work done by ISO and fellow AGMA
member companies within the docu-
ment. Information sheets are differ-
ent from standards in that they may be
focused on one aspect of an enclosed
gear drive, or are on a narrow scope of
application and therefore are not suit-
able for an entire standard.

So you can see that the enclosed
drives committee is involved in a lot
of different aspects of a geared system
from gear design and rating to com-
ponent design, lubrication and all the
other bits and pieces that a designer
must consider for the total geared pack-
age. We rely on the experience and
involvement of everyone on the com-
mittee to contribute not only their time
and company’s expertise, but their
willingness to help create what you
read in the standard. If you’ve heard
of the old adage that “you don’t truly
know a subject until you teach it,” you
can definitely apply that thinking to
“...until you have to write a clause
in a standard.” There’s no better way
to understand a subject than to have
to create the illustrative example. I've
found it a great way to refresh and
reaffirm my design practices, and it
is a comfortable feeling knowing that
we may help a gearbox purchaser to
better communicate with his vendor,
or to help guide a gearbox manufac-
turer in the proper design methodol-
ogy for his product. Contributing on
a standard also allows a company to
voice its opinion on the subject, which
will benefit not only that company,
but the gearing community in general.
Member companies can come to a con-
sensus on the best practice for a par-
ticular subject, put it in writing, and
publish the subject for all to use.

Committee 6b, the enclosed drives
committee, is currently working on fur-
ther enhancing 6001-E08 “Design &
Selection of Components for Enclosed
Drives” by expanding on recommen-
dations for housing and other static
or interface design considerations.
Equally as important as rotating ele-
ments, the static components must be
able to maintain gear position, carry
shaft loading, be able to be assembled
and allow a user access for various

monitoring and service functions. We
have also begun discussions on creat-
ing a new document that will cover
geared units specifically for crane
service. We are at the very beginning
stages of this discussion and would
welcome any input from the crane
community on the viability and subject
matter.

So what’s it like to be on an
AGMA Technical Division committee?
In a word: great! I’ve met some really
great people involved in the gearing

industry, and am continually impressed
with the dedication of the AGMA staff.
No matter what your level of expe-
rience, there is always a home in a
Technical Division committee. Find
something that you know a lot about,
something you know a little about or
something you’d like to know more
about and get involved! Who knows,
you may end up being chairman... £}
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PRODUCT NEWS

Cairl Zeiss
CMM

GUIDES ANDREW
TOOL WITH COMPLEX
MARS ROVER
PROJECT

When Andrew Tool got the call
to quote on a MSL (Mars Science
Laboratory) project, they were deter-
mined to succeed by taking advantage
of their expertise. At Andrew Tool,
CMMs have been an integral part of
their manufacturing processes for
years, but they had never faced a proj-
ect with such intricate measurements,
tight tolerances, heat treatments and
a very short time frame requirement.
Carl Zeiss had proven to be a great
resource at Superior Tool (Andrew’s
sister company).

“Our PRISMO CMM at Superior
Tool is the backbone of our quality
department, and my goal was to rep-
licate and build on this capability at
Andrew,” says Bruce Hanson, presi-
dent and CEO. This goal and initial
project discussions with the MSL
top-tier contractor pointed Andrew
Tool toward a Zeiss CMM as the best
option.

Andrew Tool is a unique machine
shop with more than 30 years of expe-
rience handling five-axis milling,
EDM, grinding and more. Their suc-
cess is dependent upon fostering good
relationships between the tool designer
or engineer and the machinist.

“They need each other, and our
employees understand that it’s a team
effort that links us to our customers,”
Hanson says. The majority of Andrew
Tool’s customers are found in the
aerospace, defense, medical and micro
electronic industries, all having parts
that often require extremely tight toler-
ances.

12 GEAR
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rover Curiosity (courtesy of Carl Zeiss).

This new, complex project from
MSL required Andrew Tool to manu-
facture actuators (gearboxes) for the
next Mars rover Curiosity. This new
rover will weigh more than 10,000
Ibs., five times the weight of the cur-
rent rovers, and carry more than ten
times the weight in scientific instru-
ments compared to the current Spirit or
Opportunity rovers.

Therefore, the propulsion system’s
power and torque will be more robust,
and the unit’s wheels considerably
larger than previous designs. NASA
engineers believe these changes will
help prevent the problem that Spirit
is encountering now: it’s stuck in a
sand pile. There were many parameters
that Andrew Tool had to adhere to in
order to help NASA make their new
actuator design a success. Many of the
parts had very deep pockets (almost
a 20:1 ratio), and small radii added to
the challenge, along with extremely
tight tolerances, many of which are
tied to different gear pitch diameters.
The parts are very labor intensive with
thousands of points of data measured
on individual parts. The VascoMax
material used for the actuator parts
changes size slightly during heat treat-
ment and, as a result, many of the part

www.gearfechnology.com

Andrew Tool is utilizing the Zeiss ACCURA with VAST technology for the Mars

features were machined and inspected
to process dimensions that allowed for
this size change if the feature was not
going to be final finished post heat
treat. Additionally, position toler-
ances of .0002", geometric control of
.00008" and size control within .0001",
even on relatively large (5" range)
dimensions added to the challenge.
All of these factors, coupled with a
demanding 18-month timeline and
AS9100 certification requirements,
made it critical that Andrew Tool bol-
ster its CMM capabilities for precision
and speed.

Andrew Tool decided to purchase
the Zeiss ACCURA with the VAST
XT gold active scanning sensor. The
Zeiss ACCURA was an affordable
solution with the range they needed
while the VAST technology and auto-
matic stylus rack system increased
flexibility and productivity when
determining size, form and position.
The VAST XT gold is suitable for the
complex and heavy stylus configura-
tions required in measuring MSL’s
actuators.

Of course with any new machine
being added to the production pro-
cess, there’s always a learning curve.
The first surprise they had was seeing




how seemingly benign parameter set-
ting changes could dramatically affect
measurement results. The discipline
of always verifying critical measure-
ments with another method was crucial
to the learning curve. Brent Helgeson,
metrology applications manager at
Concept Machine, was very respon-
sive in efficiently diagnosing the cor-
relation problems, enabling Andrew to
quickly get up to speed with their new
CMM. Additionally, probing strategy
for some of the features and proper
alignment sequences to achieve correct
results were developed and refined to
achieve consistency.

“The Zeiss ACCURA helped us
orchestrate the project by providing
timely, accurate and understandable
in-process reporting. It can’t be over-
stated how critical good inspection is
for process development and setup,”
says Bryant Broderick, quality control
engineer at Andrew Tool. The proj-
ect included 14 different part numbers
with quantities ranging from four to 12
plus setup parts. Throughout all of the

PRODUCT NEWS

different processes including milling,
gear cutting, heat treatment and sta-
bilization, each part was successfully
measured up to 60 times by the Zeiss
CMM to ensure accuracy every step
of the way. The temperature compen-
sation feature was especially helpful
because they were able to check parts
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right off the machine tool and relay
the results to the toolmaker instead of
having to wait for the part tempera-
ture to stabilize before measurement.
With a coefficient of expansion of five
and one half millionths of an inch per
degree, a few degrees could mean the
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SERV‘C 'DEDICATED TO EXCELLENCE'
<3

- Web: www.broachmasters.com

S

1605 Industrial Drive
Auburn, CA 95603
Phone: (530) 885-1939
Fax: (530) 885-8157

Email: info@broachmasters.com
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difference between pass or fail. “We
were amazed by how effortless the
ACCURA made this whole process.”
The robust reporting capability
in CALYPSO is a great asset for the
AS9100 certification process required
by NASA. This certification involved

)
RESIDUA
STRESSE

a lot of time on the program manage-
ment side of things ensuring there
was documentation for all of the criti-
cal paths of each part throughout the
whole manufacturing process. All of
this information was contained in a
spreadsheet with all of the serialized

A

MEASUREMENT

.

LABORATORY & FIELD SERVICES - XRD SYSTEMS - RETAINED AUSTENITE

full component life.

UsA
WWW.PrﬂtﬂIrd.(ﬂm Proto Manufacturing Inc  Proto Manufacturing Ltd

- |
1(800) 965-8378 136200
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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

more important than ever. In today’s tough economic /;-"Efjs
times, X-ray Diffraction (XRD) residual stress ;{E*f
measurement can both improve quality and
help lower component cost by reducing scrap
rates, shortening design cycles and ensuring

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.

wrdlab@protosrd.com  proto@protoxrd.com

pRoTES

Mt

. PORTABLE XRD SYSTEMS

Canada Japan
Proto Manufacturing KK
047-402-2703

info@protoxrd jp

519-737-6330
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parts to clarify where each part was
at any point. The CALYPSO software
easily documented the information
electronically each time the part was
measured.

“Verbal information of part details
means nothing; documented data is
everything,” states Don Felix, director
of sales and marketing. “We couldn’t
have been successful without Carl
Zeiss. The benefits Zeiss brings have
been enormous, and we see positive
results every time we use the CMM.”
Ongoing training continues to drive
Andrew toward the goal of using the
ACCURA to its full capacity.

Andrew Tool even acquired a new
customer after another NASA supplier
saw several of the MSL actuator parts.
They were so impressed with the pre-
cision and complexity of the parts that
they were instantly sold on Andrew
Tool’s capabilities. This supplier also
required AS9100 certification and for-
tunately, Andrew Tool was well on
their way to attaining this certification
and ready to take on this new opportu-
nity with enhanced confidence in data
from their Zeiss CMM.

For more information:
Andrew Tool & Machining, Inc.
15300 28th Avenue North
Plymouth, MN 55447

Phone: (763) 559-0402
www.andrewtool.com

Carl Zeiss Industrial Metrology
6250 Sycamore Lane North
Maple Grove, MN 55369
Phone: (800) 327-9735
www.zeiss.com
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now offers a measuring program for Programming boils down to nothing

ZOI Ier q nd hob cutters which ensures an accurate  but entering the nominal parameters as
I n e rs OI I and fast measurement combined with  indicated in the corresponding graphic.
g unrivaled user friendliness.” According to these nominal values, the

Its base is a Zoller Venturion measuring program is automatically

P ARTNER F OR 600 or 800 with a CNC driven tilting generated by the Pilot 3.0 software.

optic carrier with Pilot 3.0 software Positioning and determining individual

MEASURlNG featuring photo-realistic user dialog. continued
HOB CUTTERS

Leistrit=

WX

PROFILE ROLLING

With growing markets in aerospace

and energy technologies, measur- CNC Thread Rolling machines for higher
ing hob cutters used in gear cutting T

is becoming an essential requirement productivity through very short setup

for workpieces and machine tools. times and greater process control

Zoller, a provider of solutions for tool
pre-setters, measuring and inspection g .y
machines and tool management soft- * Thread RE!HII"IQ ' Bumﬁth

ware, has developed a new partnership * Spline Rolling * Ball Screw & Special Forms
with Ingersoll/Germany for shop floor

e [ I -
checking of hob cutters by a com- nurllng Aerospace fasteners
bined hardware and software approach. * Worm Gears * ACME Threads
“Ingersoll’s experience enabled the
Zoller software engineers to optimize - .
the measuring process for hobs,” says 201 934 8262 ahaltnln W.lemtrltzcorp.com
Robert Auer, export sales manager at Leistritz Corp. 165 Chestnut Street Allendale, NJ 07401

Zoller. “Due to this partnership Zoller
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measuring points on the cutting edges
is carried out automatically and—
more importantly—independent from
the operator. Even superimposed or
distorted edge images as they occur
with the helical pitch pose no problem
as Zoller Venturion optic carriers are

automatically and precisely rotated by
numeric control if necessary.

Another advantage of this measur-
ing approach is scanning the entire
effective outline of all edges: This is
of eminent importance for hob cut-
ters with carbide inserts as the contour

Gear measurement solutions from
Carl Zeiss and Koepfer America

Carl Zeiss offers CMMs to measure both parallel axis and bevel
gears from the smallest gears used in microtechnologies up to
four meters in diameter. Koepfer America is a leader in parallel
axis gear manufacturing equipment sales, service and support
for North America. Together, we bring the best technology and
solutions to gear metrology.

PRISMO navigator with VAST scanning.
Available with rotary table as 4th axis.

EE oD B- ™ - i .
AMERICA, LLC

Carl Zeiss KOEPFER AMERICA, LLC
Industrial Metrology (847) 931-4121
(800) 327-9735 www.koepferamerica.com

www.zeiss.com/metrology We make it visibl
e make it visible.
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in the work piece is produced by an
entire range of different inserts. Only
by scanning the contours of individual
inserts and merging them into a total
contour can errors be avoided, as they
occur in the transmission zone, insert
tolerances, imprecise mounting or
excessive tolerances concerning insert
positions.

When combining a Zoller
Venturion with hob cutters by
Ingersoll, users get a hands-on system
to test tools quickly and with micron
precision before using them on the
machining equipment. As opposed to
most tactile-based measuring machines
in this area, measuring results do not
vary according to which operator hap-
pens to be on duty. Zoller systems are
tailored to the demands as posed by
hob cutters and offer additional value
as they may be used for measuring and
presetting all types of other tools as
well: reamers, mills and milling heads.
The result of this partnership between
Ingersoll and Zoller shows how users
can profit when industries join forces
for their mutual benefit.

“In today’s market it is important
to not look just at individual compo-
nents but at processes instead,” Auer
says. “The combined hardware and
software approach ensures an inte-
grated, transparent manufacturing pro-
cess from tool manufacturing to qual-
ity control, machining, process control
and regrinding.”

For more information:
Ingersoll Cutting Tools
845 S. Lyford Road
Rockford, IL 661108
Phone: (815) 387-6600
www.ingersoll-imc.com

Zoller Inc.

3753 Plaza Drive

Ann Arbor, Ml 48108
Phone: (734) 332-4851
www.zoller-usa.com
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Honing
System
PROVIDES CLOSED-

LOOP CONTROL OF
TOOL SIZE

Sunnen’s SV-1005 series vertical
CNC honing system with integrated
air gaging system provides closed-
loop control of tool size, along with
downloadable SPC data. Matched
with Sunnen’s super abrasive MMT
tool, the air-gage-equipped machine
can automatically control hole size
to accuracies of 0.25 um (0.00001")
without operator intervention, work-
ing in a bore size range of 3—65 mm
(0.120-2.56") diameter. It is suitable
for automated, high-Cpk production of
small engines, hydraulic valves/bodies,
fuel injectors, gears, compressor parts,
turbocharger housings and gun barrels
in medium and high volumes.

According to Sunnen, by combin-
ing the new air gaging system with
the machine’s patent-pending tool-feed
control, the SV-1005 eliminates the
need for an experienced honing opera-
tor to tweak the process. The new air
gaging system controls bore diameter
and geometry by taking post-process
measurements of the parts while they

are still fixtured on the machine’s rota-
ry table. Feedback from the air gage
provides the highest possible accuracy
for tool-feed control.

The SV-1005 matches an ultra-
precise tool feed system with CNC
control to allow any CNC-experienced
machinist to master honing quickly.

Setup is simple with a three-axis hand
wheel for fine tuning the tool feed and
the servo-controlled stroke system and
rotary-table. The control includes sev-
eral features that put honing expertise
at the fingertips of novices, such as a
switchable autocorrect feature for bore

continued
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shape. Using measurements from the
air-gage system, it allows the opera-
tor to select from a library of “prob-
lem” bore images (taper, barrel, etc.) to
match to the part on the machine. The
servo-controlled stroke system ensures
a consistent crosshatch pattern and can
dwell in any part of the bore, end-to-

end, selectively removing stock for
ultra-precise straightness and round-
ness.

The vertical design of the SV-1005
conserves shop floor space, requir-
ing just 2,400 x 2,300 x 2,700 mm
WxDxH (95 x 91 x 107 in.). A cast
polymer base and cast-iron column

has developed some of the most dufable, versatile, {iepundable and
accurate gages in the industry. In today’s competitive, manufacturing

market, when precise measurementscanimake 31[ the difference...
can you afford not to have Cun"tu:arua;;_a on ynurs alﬂp

'_7"%%'; o

Rugged, Reliable, Repeatable

COMIerGa(

Phone

401-765-
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provide enhance vibration damping
for precision honing, while removable
stainless steel side doors facilitate inte-
gration with automatic part loading
systems. The high-torque, belt-driven
spindle is rated at 7.5 kW (10 hp) to
cover a wide range of sizing and fin-
ishing work.

For more information:
Sunnen Products Company
7910 Manchester Avenue
St. Louis, MO 63143

Phone: (314) 781-2100
www.sunnen.com

Forest City
Gear

PURCHASES
TAKISAWA LATHE

Forest City Gear has purchased a
Takisawa TT-200G, a fully-automated
turning center with twin-spindle, twin-
turret and twin-CNC operation, for its
in-house blanking department. By the
acquisition of this machine, according
to a company spokesman, the produc-
tion in the blanking department has
radically improved, as the machine
combines full automation with twin-
sided, simultaneous machining.

—



With a 16-pallet capacity, this
Takisawa 8" chuck-type machine
boasts a feed rate of 8§ m/min and
features a standard spindle and turret
plus a second C-axis spindle and tur-
ret with milling function. In addition,
a bar loader, workpiece stacker, turn-
over unit, chip conveyor, air blower,
tabulating counter and other equipment
are onboard for fully automatic mode
operation of the machine.

As a strictly custom gearmaker,
Forest City Gear made the decision
recently to develop an in-house blank-
ing department, thereby improving its
turnaround time on most jobs, accord-
ing to company president, Wendy
Young. “We were reliant on a number
of outside suppliers and, while our vol-
ume overall is quite substantial, we
were often slow to receive some small,
project-specific blanks for production.
Many of our jobs are short-run, highly
specialized precision gears, and that
means we place a premium on being
very efficient in our time-to-first-
prototype. The Takisawa is already
making a big impact on our blanking
operation here.”

Tommy Kalt, who runs the blank-
ing department at Forest City Gear,
concurs. “We’re achieving a 27-sec-
ond cycle of continuous turning, and
the fully automatic mode means a big
boost in production for our depart-
ment. Because we do so many jobs
that require relatively few blanks, our
overall speed was hampered, due to
excessive downtime for set-ups. That
situation is diminished to a great
degree with the Takisawa machine.
Having this capability allows us to
reduce our lot sizes on high-volume
blanket orders and increases our ability
to prototype.”

For more information:
Forest City Gear

11715 Main Street
Roscoe, IL 61073

Phone: (866) 623-2168
www.forestcitygear.com

Big Kaiser
318 Series-

A COMPLETE
TOOLING SYSTEM

PRODUCT NEWS

Big Kaiser has introduced the new,
large diameter Kaiser 318 Series—a
complete tooling system supporting a
variety of aluminum and steel compo-
nents optimized for twin cutter rough
boring, precision finish boring and pre-

cision OD turning operations.
continved

Form Measurement
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in Surface Roughness Measurement
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The new series features a standard
boring range of 7.87-13.39" diameter
for ISO40/HSK-A63 tapers, and 7.87—
24.41" diameter for ISO50/HSK-A100
and larger tapers. Special components
allow the system to extend up to 118"
diameter. The mounting flanges fea-
ture Kaiser’s new CKN modular con-

|ederance For fallure.

Clifford-Jacobs custom high-strength

forgings work everywhere and for some of
the biggest names in mining, aerospace, and energy.

5o whether you need 8 5-pound gear biank or an 800-pound finish machined
compenent, depend on Clifford-Jacobs” uncompromising quality, I comes
with fast estimates, ready resources, part warshousing, and zero

CLIFFORD-JACOBS
\NMORGING

nection with a three-screw interface,
developed for high torque transmission
with lightweight tools. The system
supports spindle speeds of up to 6,600
SFM thanks to safe and secure “pinned
to fit” lightweight aluminum mounting
components. The high strength alumi-
num components are hard coated to

AN IMT COMPANY

[
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protect against wear and corrosion, and
all assemblies deliver high pressure
coolant through the tools to cutting
edges.

“The 318 series features aluminum
extension slides that allow for diameter
and length setting adjustments without
a tool pre-setter,” says Jack Burley,
Big Kaiser vice president of sales and
engineering. “The simplicity of this
system virtually eliminates operator
error during assembly and promotes
safety during operation.”

For more information:
Big Kaiser

2600 Huntington Blvd.
Hoffran Estates, IL 60192
Phone: (847) 228-7660
www.bigkaiser.com

Luren

RELEASES THE LFG-
8040 VERTICAL
GRINDING MACHINE




Luren Precision Co., Ltd. recent-
ly released a vertical type CNC gear
profile grinding machine. The LFG-
8040, which can form grind spur and
helical gears up to 800 mm (31.7") in
outside diameter and maximum mod-
ule of M20 (1.27 DP), incorporates
an eight-axis CNC controller with
close-loop servo control system, direct
drive motor and personal computer. A
Windows-based user-oriented smart
interface developed by Luren is used
to operate the LFG-8040. The opera-
tor can easily key in gear data, modify
gear profile and specify the grinding
steps. No NC programming is needed
because the grinding program will be
generated automatically. Involute pro-
file can be checked easily as desired.
K-chart points can be set and adjusted
freely by rolling arc, rolling angle or
radius on the base circle. Lead modifi-
cation can be carried out easily as well.
Operators can also set up the grinding
procedure based on their own data or
experience. On-board gear measure-
ment, automatic stock dividing and
rotary dressing are also included in the
standard machine.

For more information:
Luren Precision Co., Ltd.
1320 Tower Road
Schaumburg, IL 60173
Phone: (847) 598-3555
www.luren.com.tw

Milwaukee
Machine
Works

PURCHASES
HEXAGON CMM

Hexagon Metrology, Inc. recently
announced that precision component

manufacturer Milwaukee Machine
Works has purchased a Leitz PMM-G
ultra-accurate coordinate measuring
machine (CMM). The Leitz measur-
ing machine has a supersized measur-
ing capacity of three meters wide by
four meters long, and two and a half
meters high, tailor made for the large

PRODUCT NEWS

scale machined components that are a
Milwaukee Machine Works special-
ty. The PMM-G is a gantry configura-
tion machine that allows large scale
parts up to 30,000 pounds to be eas-
ily moved inside for precision measure-
ment. It also boasts the highest accuracy
specifications for its size, enabling ultra

continued

Riverside Spline & Gear is proud fo feature our
new Hofler Rapid 900 Gear Grinder, offering
the katest in form grinding technology. With
AGMA class 14+ capabiity, and on-board gear
inspection, you are assured that vour gear will
meet all design specifications.

External Gears
Bear Diameter S0-1000 mm
Cemler Distance Above Table  360-1360 mm

Aoial Stroke (Max) 650 mm
Heltx Angle +- 45, §0r
Modute 1-25 mm
(extendabie 19 34 mm)

Prafike Height 41 mm
(xtendabie 1 60-80 mm)

Bii I Wil 0 m
s (extenabie o 90 mm)
Brinding Wheel Biameter 400 mm
Tabie Load 3000 ky

Riverside Spline & Gear Inc.

P.0. Box 340 * Marine City, MI 48039
Phone: (810) T65-8302 « Fax: (810) 765-9595
valeriel@splineandgear.com

splineandgear.com

ECONOMICAL SOLUTIONS
FOR PRECISION GEAR GRINDING

WITH OVER 45 YEARS
OF EXPERIENCE, IT'S EASY
TO SEE WHY INDUSTRY
LEADING MANUFACTURERS
CHOOSE RIVERSIDE
AS THEIR #1 GEAR
GRIND SOURCE.
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precision measurements to be made for
case, cover and housing parts for the
wind, off-highway and mining indus-
tries which comprise MMW’s typical
customer base.

“This new machine is a huge
enhancement to our capabilities,”
said Mike Manna, general manager

of Milwaukee Machine Works. “We
are known for tackling the toughest,
highest precision, turning and machin-
ing jobs in the business—jobs that
other shops just don’t have the capa-
bility or expertise to handle. Now we
will have a measuring machine with
the size, capacity and accuracy to

Breathe New Life
Into Your Old Gear

Grinding Machines

CNC Super—’ﬁ?&ciéion Dressers & Dressing Stations

Accuracy: +/- 0.002mm

Customized For Your Machine

MNormac custom retrofits Formaster CNC whesl dressears (o
your existing grinding machine. In doing so, your product will
gain a level of pracision that it may never have had before.
Formaster has been installed on gear, spline, broach,
ODAD, surface, curving coupling and thread grinding
machines, among others. Also avallable to OEMs for

integration in new products.

Works With Most Wheel Types

Formaster's super-precise positioning and slida
system stiffness provida the capability to accurataly

profile and condition gnnding wheels with
aluminum oxide, silicon carbide, ceramic,
CBN and diamond abrasives in aither vitrified
or resin bonds in addition to electroplated
wheels with CBN and diamond abrasives.

P -

Advanced Gear Software & Flexible CNC [
Formaster works with sophisticated Normac gear profile

and program generating softwara which is sold separately.
Standard configuration includes Siemens CNC but also
avallable with other controls or in a mechanical only
configuration for integration with your existing control system.

Tel 248.319.3300
Fax 248.319.3301

22 GEAR

sales{@normac.com
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handle the very largest parts we are
capable of making—single parts that
are the size of small cars.“Milwaukee
Machine Works has always been a
good customer of Hexagon Metrology,
and represents the best of what
American manufacturing is capable
of,” said Jack Rosignal, vice presi-
dent of sales for Hexagon Metrology,
Inc. “We are pleased that the first
PMM-G Coordinate Measuring
Machine to be installed in America is
going to a company like Milwaukee
Machine Works, that has the com-
mitment to precision manufacturing
and the highest quality standards.”

The new Leitz PMM-G is scheduled
to come on line in Milwaukee Machine
Works’ ISO 9001:2008-certified facil-
ity by the second quarter of 2011.

For more information:
Hexagon Metrology, Inc.

250 Circuit Drive

North Kingstown, RI 02852
Phone: (800) 274-9433
www.hexagonmetrology.com

Milwaukee Machine Works

404 South 116th Street
Milwaukee, WI 53214

Phone: (414) 476-3285
www.milwaukeemachineworks.com



T he Next Generation
in Gear Inspection

NDG [

rving the Global Gear Industry Since 1
GEAR INSPECTION 4 i

NDG is a new, patent-pending gear inspection method that saves
probe travel time and reduces probe interference by following the /\

gear’s natural line of action, as opposed to standard gear inspection T
methods, which follow a tangent to the gear’s base circle.

Gear Dia. 2000 - 3200mm (Max. 8000mm) can be measured by TTi-N Series. ‘

® High-precision measurement performance is ——~_
possible for large gears with our own R ra
NDG method. 134_; :

® Save gear set up time with our
automatic aligning system.

TTIi
Tokyo Technical Instruments Inc.

USA Office Japan Headquarters

Tokyo Technical Instruments USA Inc. Tokyo Technical Instruments Inc.
o f 297 Kinderkamack Rd., #133 Main Office Ph: +81-3-3726-4188
TTi - 300E v Oradell, NJ 07649 Factory Ph: +81-284-73-1733
The NDG method is also Ph: 201-634-1700
suitable for inspection of Fax: 201-262-2187
small-diameter, fine-pitch gears. ttigeartec @aol.com




Innovative Solutions

for Your Thermal Processing Requirements

SINCE 1974
the J.L. Becker Company has parinered
with our customers in solving their heat
treat equipment reguirements with
innovative and cost effeciive solutions.

in conjunction with modeam
equipment design, our “stote of the art”
computer management systems offer
total contral of our furmoce systems.
processes, daola acqulsition,
maintenance alarms and records that
will meet or exceed your most sfringent
requirements.

Located in Plymouth, Mi our 60.000
square foot facllity houses our
engineering, fabricating, assembly and
testing focilities to ensure that we
proyide our customers with highly
efficlent, reliable, maintenance fiiendly
and heavy duly constructed
equipment.

Cur many years of expariance In
clesign and construction allows us fo
meaat tha challenge to provide
equipment which will icwer your
operafing costs, reduce
downtime and maximize F\x\

your outpuf. Our unigue
approach to your
praduction
requirerments

offer experience |
ond reliable
solutions to keep
vou a step ahead
of your competifors.

J. L. BECKER COMPANY

Quality Heat Treating Equipment and Components

www.jlbecker.com

41150 Joy Rd. » Plyrmouth, M1 48170

(734) 656-2000
Fax: (734) 656-2009




Induction
eat Treating

Gains Ground through
Advances in Technology

William R. Stott, Managing Editor

This cutaway shot shows the heat treat and quenching pattern of a spur gear
induction hardened with the TSH technology (courtesy of ESR Engineering Corp.,
the North American distributor of TSH steels).

In recent years, there has been sig-
nificant interest in expanding the use of
induction hardening in gear manufac-
turing operations. One of the reasons
is that induction hardening is easily
incorporated into a manufacturing cell.
Parts don’t have to be taken out of the
production flow and sent to a separate
heat treating department. Another rea-
son is that induction hardening is often
considered a “green” alternative.

“Induction continues to have
advantages that include precise heat-

ing of just the are requiring heat treat,
thus minimizing the energy applied to
the part,” says George Welch, manager
of heat treat products for Ajax-Tocco
Magnethermic. “In addition, induc-
tion does not consume energy when
idle. Combine this with reduced energy
for auxiliary equipment for quench-
ing, etc., energy usage and costs are
generally much less. Other advantag-
es include fast processing time, fewer
parts in process, cell manufacturing,
less distortion and individual part

www.gearfechnology.com
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traceability.”

In the past, the problem was that
induction hardening was limited in its
potential applications. Only certain
gear shapes and configurations were
good induction hardening candidates.
If you wanted to case harden a spiral
bevel automotive pinion, for example,
carburizing has long been the practical
choice.

Also, induction hardening has
been possible only with certain steels.

continued
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Typically this has meant both plain and
alloy medium-carbon steels with 0.4
percent to 0.6 percent carbon content,
according to Dr. Valery Rudnev, group
director of science and technology for
Inductoheat.

Furthermore, induction heat treat-
ing machines have often been designed
for specific gear parts or a limited
range of parts. Each part often requires
customized tooling, and a power sup-
ply (or power supplies) that provide
the necessary power and frequency to
achieve the desired heating pattern.
These systems have limited flexibility.

But over the past several years,
many of the limits to induction hard-
ening have shrunk, thanks to recent
advances in technology, materials and
processing techniques.

Power Supplies

The heart of an induction harden-
ing system is the coil, but its brains
are the power supply and controls. In
recent years, these are the areas where
induction hardening technology has
improved the most.

“The power supplies have contin-
ued to advance and provide new solu-
tions for heat treating parts including
gears,” says Welch. “Higher power and

S 1
Tooth.-by-tooih ir!duction' hurdepir}g is often used for larger gears. Mode.rn greater frequency flexibility allow for
machines are equipped with sophisticated controls and software, allowing precise . 7. .
control over the hardness pattern and tooth-by-tooth documentation for quality high power densities at the ideal heat-
control (courtesy Ajax Tocco Magnethermic). ing frequency. This aids in process-
ing a greater range of gear sizes and
pitches. In addition, advancements in
controls allow for better tracking of the
entire heat treat process.”

Inductoheat’s Rudnev agrees that
power supplies have been an area
of significant advancement. In fact,

Tooth Visual Case Depths

5.1

New steels and processing techniques
allow case hardening of gears by
induction at a much lower cost and
with less energy consumption than
previous technologies (courtesy ESR
Engineering Corp., North American

Induction Heating a large Caterpillar gear for hardening (courtesy of Caterpillar,
Inc. and Ajax Tocco Magnethermic Corp). distributor of TSH steels).
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TSH technology allows difficult compo-
nents, such as spiral bevel gears and
pinions, to be heat treated via induc-
tion. Most of these gears are currently
carburized (courtesy ESR Engineering
Corp., North American distributor of
TSH steels).

Rudnev says, Inductoheat has recently
introduced power supplies that signifi-
cantly increase the flexibility of induc-
tion hardening systems by providing
the unique capability of controlling not
just an inverter’s output power, but also
its frequency, in a manner similar to the
control of CNC machines.

Whereas previous generations of
power supplies had limited flexibility,
Rudnev says, the current generation
can produce a high-end frequency up
to eight times as great as the low-end
frequency. What this allows, Rudnev
says, is expanding the range of gears to
be induction hardened using the same
power supply and/or tempering of a
part in the same setup as hardening.

“The majority of gears are tempered
in ovens,” Rudnev says, “but we were
able to develop a new power supply
that allows induction hardening and
tempering at optimal frequencies.”

For example, with the new power
supply, you can “dial” a frequency of
40 kHz to induction harden a fine-tooth
gear. Then you can dial it down to 6
kHz to temper it at low frequency.

“Inductoheat’s Statitron-IFP power
supply technology provides a wide
range of frequencies,” Rudnev says.

The same capability also allows the
same machine to induction harden dif-
ferent pitch gears.

The use of simultaneous dual-fre-
quency induction hardening is a proven
way to effectively control distortion
when induction hardening small and

medium size gears using encircling
inductors. In many cases, simultane-
ous dual-frequency technology allows
keeping distortion after induction
hardening within the range of 80-100
microns, Rudnev says.

Increasing the frequency range of
power supplies has also been on the
mind of designers at Ajax-Tocco
Magnethermic. “Induction systems can
be designed to heat treat a range of part
sizes and families with tooling chang-

es,” says Welch. “Power systems can

Va5 perfection
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be provided with wide frequency ranges
and load matching capability to process
a variety of case depth requirements.”

In addition, Welch says, larger
power supplies have enabled induction
hardening of larger gears.

Controls

Of course, like all machine tools,
induction hardening machines have
benefited from advances in control
technology and software.

“Large gears are generally hard-

continued

FOR DECADES

Fassler AG has been considered
to be the world’s market leader
in honing technology. Innova-
tive, high-precision and sustain-
ably designed honing systems
are developed in real time re-
gardless of the complexity of
requirements. Constant move-
ment is the creed that is adhered
to in all the corporate divisions
of Fassler AG.

Renowned corporations on the
world market rely on honing to
Swiss perfection. Cog by cog.
Perfect to the very last detail.
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LOOK WHAT'S COMING YOUR WAY.

A new state-of-the-art ground gear production facility for

heavy-duty trucking applications will be opening later this

year, South Bend Gear, LLC. A joint venture combining the
expertise of two of the most progressive gear manufacturers
in the world, South Bend Gear will be here soon. Look for it

s,
B

A joint venture of Schafer Gear Works and Somaschini, S.p.A
southbendgear.com - 574-234-4116

Correction:
In the January/February issue of Gear Technology, a photo caption
incorrectly identified a Mazak machine as a Depo machine
(Bottom photo, page 30) in the article, “The Merits of Multifunctional
Machining.”

Gear Technology regrets the error.
—The Editors

Clarification:
A statement appears on page 77 of the Jan/Feb gear schools article—
“Now, More than Ever’—that may have been misleading to readers. In
the second complete paragraph, a quote attributed to Geoff Ashcroft
of the Gear Consulting Group (GCG) includes the word “certifica-
tion.” To be clear, the AGMA board has made a conscious decision
not to have a certification program at this time, due to certain liability
issues. The course Geoff Ashcroft instructs is indeed licensed to GCG
by AGMA, but participants receive a certificate of completion, which
of course is not AGMA certification.

Gear Technology regrets any resultant confusion.
—The Editors
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ened with the tooth-by-tooth method,”
Welch says. “This process was devel-
oped about 60 years ago. The newest
machine controls include recipes that
precisely locate the gear tooth and pro-
vide motions to scan harden OD, ID,
spur and helical gears.”

Furthermore, the controls and soft-
ware provide important quality control
data.

“These systems collect the process
information available for each tooth for
traceability of each gear heat treated,”
Welch says.

Materials

Induction hardening is general-
ly limited to certain types of steels.
Unlike carburizing, during which car-
bon is infused into the part, induction
hardening requires higher-carbon steels
to begin with. Typical induction hard-
ening steels include AISI 4140, 4340,
1045, 4150, 1552 and 5150, Rudnev
says.

But new advances in materials have
opened up new applications to induc-
tion hardening. One example is the
range of TSH steels available exclu-
sively from ERS Engineering Corp.
ERS has worked with its European
partners to develop the steel metallurgy
and process that will allow induction
hardening to replace carburizing for
a wide range of parts, including parts
previously thought to be impossible to
induction harden successfully.

Inductoheat has been chosen by
ERS to be their exclusive manufacturer
of induction heat treating systems for
TSH technology in the North American
market.

The latest TSH steels are low-alloy
carbon steels, which are character-
ized by reduced grain growth during
heating into the hardening tempera-
ture range. They can be substituted for
more expensive standard steels typi-
cally used for conventional induction
hardening or carburizing.

TSH steels have significantly less
alloying elements such as manganese,
molybdenum, chromium and nickel,
making them less expensive than con-
ventional carbon steels, Rudnev says.
“Their chemical composition is some-
where between micro-alloy steels and
plain carbon steels, providing fine-grain
martensite with extremely high com-
pressive stresses at the tooth surface.”
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With TSH technology, parts are induc-
tion heated at low frequency and rap-
idly quenched, resulting in a contour
induction hardening pattern (cour-
tesy ESR Engineering Corp., North
American distributor of TSH steels).

The combination of the new steels
with the right technique has even
opened up the application of induction
hardening to such difficult parts as spi-
ral bevel automotive pinions.

“In the past, all of those parts used
to be carburized,” Rudnev says. “Due
to a combination of shape complex-
ity and gear sizes, it was practically
impossible to induction harden those
parts. Now it is possible to get those
beautiful hardness patterns on com-
plex-shaped gear parts by through-
heating those parts using low frequen-
cy inverters.”

With TSH technology, after
through heating, the parts are rapidly
quenched. The hardened depth is main-
ly determined by the steel’s chemical
composition and initial microstructure.

Also, because the parts are through-
heated using a low frequency (1-25
kHz, depending on the application), the
cost of capital equipment is also low,
Rudnev says.

The TSH technology is extremely
promising, due to the obvious cost sav-
ings and it applicability to the “lean

A complete range of gear shaving ma
advanced gear manufacturing

www.sicmat.com

and green” approach, Rudnev says.
“I do believe that this technology
has a very bright future in the North
American Market.” £

For more information:

Ajax Tocco Magnethermic Corp.
1745 Overland Ave.

Warren, OH 44483

Phone: (800) 547-1527

Fax: (330) 372-8608
info@ajaxtocco.com
www.gjaxtocco.com

ERS Engineering Corp.
6346 Orchard Lake Road
Suite 103

West Bloomfield, MI 48322
Phone: (248) 538-9082
Fax: (248) 538-9486
info@ersengine.com
www.ersengine.com

Inductoheat Inc.

32551 N. Avis Dr.

Madison Heights, Ml 48071
Phone: (248) 585-9393
Fax: (248) 589-1062
sales@inductoheat.com
www.inductoheat.com

MACHINE TOOLS SINCE 1932

Agents for U.5. and Canada: Star SU LLC
5200 Prairie Stone Parkway, Suite 100

Hoffman Esates, IL 60192
www.star-su.com
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Grinding, Finishin
and Software
Upgrades Aboun

Matthew Jaster, Associate Editor

Machine tool companies are
expanding capabilities to bet-
ter accommodate the changing face
of manufacturing. Customers want
smaller-sized equipment to take up
less valuable floor space, multifunc-
tional machines that can handle a
variety of operations and easy set-up
changes that offer simplified opera-
tion and maintenance. Recent grind-
ing and finishing innovations include
Mitsubishi’s new ZE40A and ZE60A
grinding machines, Reishauer’s grind-
ing wheel technology, Liebherr’s LCS
1200, Gleason’s Opti-Grind technology
and the multifunctional capabilities of
Samputensili’s Invento series. These

companies are proving that R&D is
essential as they actively seek out more
accurate drives and guidance and con-
trol systems in an effort to achieve bet-
ter gear tolerances.

Mitsubishi. With the release of
the new ZE40A/ZE60A series and
future upgrades to the ZI20A internal
grinding machine, Mitsubishi Heavy
Industries America, Inc. is keeping
busy in the gear market. Ian Shearing,
vice president of sales at Mitsubishi,
recently discussed the advantages of
the company’s newest grinding tech-
nology.

“High speed, smooth rotation
without vibration, resulting in higher

The ZE40A/ZE60A series is aimed at job shops that produce a wide variety of

gears in small lots (courtesy of Mitsubishi).
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gear accuracy and lower gear noise,”
Shearing says. “Approximately 50
percent of the floor space for any
grinder is occupied by the coolant
tank and temperature control systems.
Mitsubishi has concentrated on this
area to reduce the floor space required
by the system while at the same time
maintaining its working efficiency.”

The ZE40A/ZE60A can accommo-
date both generating grinding and pro-
file grinding and also enables modifi-
cation of biased flank shapes, i.e., tooth
surface torsion. Mitsubishi’s Machine
Tool Division will explore demand for
the new machine, primarily targeting
job shops that produce a wide variety
of gears in small lots.

“Owing to the development of spe-
cial operator software, the equipment is
easy to use,” Shearing says. “By sim-
ply answering easy gear-related ques-
tions, the machine’s CNC control is
able to write the process program auto-
matically.”

The ZE40A, a nine-axis, fully
automated numerical control (NC)
machine, was developed with fea-
tures such as high-precision machin-
ing for a broad variety of workpieces
and easy setup changes. In order to
accommodate small-lot production of
various gear types, the machine offers
easy and simple operation and main-
tenance and compact size for reduced
installation space.

The new machine has achieved
smooth revolution of the main (grind-
ing) spindle and table spindle through
adoption of a direct-drive system

employing built-in motors to elimi-
continued
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nate vibration from reducers. In the
dressing unit, which functions to main-
tain the shape and sharpness of the
grinding device, torsion angle adjust-
ment is automated by NC. The instal-
lation space required for the ZE40A,
3,750 mm in width and 4,000 mm in
depth, marks a 15 percent reduction,
even when compared with the ZE15
and 24A models for smaller workpiece
machining, achieved by slashing the
size of the coolant device and rear-
ranging the hydraulic and pneumatic
devices.

While the maximum external gear
diameter of workpieces is 400 mm
for high-efficiency machining by the
ZE40A, the machine can actually
accommodate up to 600 mm diameter
workpieces when machining require-
ments are stepped down, thanks to the
wide space secured around its work-
piece table. The ZE40A is able to
machine gears with between 0.5 and 8
modules. Users can set the desired gear
shape, in either generating grinding
or profile grinding mode, by inputting
NC data. In the case of helical gear
machining, it is possible to modify bias
generated during crowning.

With the addition of the ZE40A
universal-purpose gear grind-
ing machine to its product portfolio,

Mitsubishi will now further boost mar-
keting activities in a quest to expand
users of its gear cutting machines.

As far as grinding technology
moving forward, Shearing says that
Mitsubishi’s ZI20A internal gear
grinding machine will be enhanced
with external gear grinding for clus-
ter gears and shaft-type pinion gears.
“This development will enhance and
expand the capabilities of the machine,
thus opening it up to a wider customer
base.”

Reishauer. Since the introduction
of the current generation of Reishauer
machines in 2001, the continuous gen-
erating grinding process has become
the dominant gear finishing process
among the available alternatives for
new transmission projects worldwide.
This success is mainly due to the fact
that the final quality and process reli-
ability, along with decreasing produc-
tion costs per piece, can be achieved
with the continuous generation process.

“Production costs are not only
dependent on the machine but as
well on the required tooling,” says
Michael Engesser, CMO at Reishauer.
“Reishauer has decided to take advan-
tage of its extensive knowledge of this
technology to develop new tools to fur-
ther reduce the costs per piece.”

Grinding wheels from Reishauver have demonstrated extended life and productiv-
ity, according to Michael Engesser, CMO (courtesy of Reishauer).
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Reishauer now takes the next step
with the introduction of a new grinding
wheel that is specifically designed to
meet the high requirements of continu-
ous generating grinding technology.

Introduced during the 2010 AMB
exhibition in Stuttgart, Germany, the
new grinding wheels have been suc-
cessfully launched into production for
various customers worldwide. Based
on several applications, the grinding
wheels have demonstrated extended
life and increased productivity given
the tough environment of industrial
use. These new wheels are available
in a variety of specifications including
increased demands in surface finish,
hardness of the workpiece material or
tool life.

In addition, Reishauer grinding
wheels can also be used for discon-
tinuous profile grinding on the latest
generation of Reishauer gear grinding
machines. Reishauer has invested in
a new production site in the state of
Luzern, Switzerland for the produc-
tion of the grinding wheels. “By opti-
mizing production facilities to produce
only grinding wheels for Reishauer
gear grinding machines, production
costs can be kept at a competitive level,
despite the technological benefits for
the customers. Currently, production
capacity is ramped up to meet the
increasing demand for this unique new
product of Reishauer AG,” Engesser
says.

Liebherr. The LCS 1200 from
Liebherr combines both generating
grinding and profile grinding into one
machine. It is able to handle workpiec-
es up to a diameter of 1,200 millime-
ters.

“Gears up to module 12 can be eco-
nomically processed with the generat-
ing grinding method,” says Dr. Alois
Mundt, managing director at Liebherr-
Verzahntechnik GmbH. “The machine
has the capacity to produce noise-min-
imized gears in a two-flank grinding
process exactly to a specified twist
design.”

With profile grinding, gears up to
module 22 or a profile height up to 50
millimeters can be ground. Tools with
either electroplated CBN or dressable
tools with a corundum, sinter corun-
dum or CBN basis can be used for both
grinding technologies. The high pro-



ductivity machine can be supported
by machine integrated automation,
also designed and built by Liebherr in
Kempten, Germany. For the generat-
ing grinding method, the maximum
outside diameter of 320 millimeters
on a grinding worm and the minimum
usable diameter (which depend on the
gear data), built in combination with
the tool length of 230 millimeters, offer
the longest tool life in this machine
type class on the market.

The technical data of Liebherr’s
LCS 1200 includes a maximum work-
piece diameter of 1,200 mm; work-
piece speed of 250 rpm; maximum
module (generating grinding) of 12
mm; maximum module/profile height
(profile grinding) of 22/50 mm; maxi-
mum axial travel of 1,000 mm; maxi-
mum tool speed of 12,000 rpm; total
weight of machine of 28,000 kg.

Gleason. Gleason’s latest genera-
tion of profile grinding machines are
equipped to perform Opti-Grind, a pro-
cess that improves productivity and
quality levels for fine finishing cylin-
drical gears as large as six meters in
diameter, and up to module 16. The
Opti-Grind process enables end users
to achieve both “optimum” productiv-
ity, and “optimum” surface finishes, by
simultaneously using multiple dress-
able grinding wheels for profile grind-
ing rather than just the single grind-
ing wheel that is typically used. The
process offers end-users a number of
variations to choose from to meet their
specific applications.

Opti-Grind’s multiple-wheel con-
figuration offers advantages for gear
producers serving the wind power and
other industries requiring optimum sur-
face finishes. Where a single dressable
wheel must be designed for compromise
in order to perform both roughing and
finishing, the multiple wheel configura-
tion of Opti-Grind makes it possible to
utilize wheels designed for maximum
roughing productivity, up to 40 percent
faster than a single dressable wheel.
Then a finishing wheel is designed to
produce the desired tooth modifications
including grinding of the root without
burning, and to deliver surface finishes
up to four times finer than what would
be possible conventionally.

In addition to the new multiple
wheel design, the Opti-Grind process

relies on the use of the latest Siemens
840D CNC and Gleason Windows-
based Intelligent Dialogue software to
greatly simplify setup and operation.

Samputensili. Samputensili devel-
oped the HG 1200 Invento for produc-
tion of large gears with a diameter up
to 2.5 m and module 35.0. It is distrib-
uted in the United States, Mexico and
Canada by Star-SU.

While some gear manufactur-
ing machines are limited by the basic
difference between the processes of
hobbing and grinding, the HG Series
overcomes this problem, thanks to its
functioning principle: during the hob-

Gleason’s Opti-Grind process debuted in 2010 and enables users optimum pro-

bing process the hob head is blocked to
unload the cutting forces to the stable
tool column while the table slide actu-
ates the feed travel. In this way the
strong hobbing forces can be mitigated
without compromising the necessary
grinding quality in the long run.

When grinding, the process is
reversed. The tool head is unlocked
and moves against the blocked work
table. In this way the reference axes
during the centering and grinding pro-
cess maintain the right position and
guarantee the required highest preci-
sion. In the same way, the optional

continued

ductivity and surface finishes (courtesy of Gleason).

The LCS 1200 combines generating and profil grinding in one machine (courtesy

of Liebherr).
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The HG Invento series executes various processes including grinding with optimal

precision (courtesy of Star-SU).

back columns are fixed laterally to the
work table so as not to block either the
access to the working area or the opti-
mized flow of loading and unloading
workpieces.

In order to execute the various pro-
cesses with optimal power transmis-
sion and precision, two tool heads are
available with three different spindle
inserts. The stiff hob spindle of the
HG Series is designed for the tough-
est cutting conditions. The 100 kW
drive runs all state-of-the-art roughing
tools—especially inserted blade rough-
ing and finishing cutters in different
combinations. Additionally, it is pos-
sible to apply a turn-milling spindle
in the hob head so as to realize a wide
variety of turning functions. The use of
the turn-milling process is especially
recommended for very small lots and
prototypes, including the production
of bevel gears. The grinding spindle
has been designed for a large variety
of different tool combinations, includ-
ing single-profile grinding wheels and
multi-rib wheels, as well as for gen-
erating grinding worms. Thanks to a
combination of the various processes—
i.e., hobbing and grinding—production
time can be cut by 25 percent, provid-
ed that this is allowed by the module
range of the application.

www.gearfechnology.com

For more information:
Gleason Corporation
1000 University Avenue
Rochester, NY 14692
Phone: (685) 473-1000
www.gleason.com

Liebherr Gear Technology Inc.
1465 Woodland Drive

Saline, M1 48176

Phone: (734) 429-7225
www.liebherr.com

Mitsubishi Gear Technology
Center

46992 Liberty Drive

Wixom, MI 48393

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

Reishauer Corporation
1525 Holmes Road
Elgin, IL 60123

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

Star-SU LLC

5200 Prairie Stone Parkway
Hoffman Estates, IL 60192
Phone: (847) 649-1450
www.sfar-su.com
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Long-Awaited
Int’l Standard

FOR WIND TURBINE GEARBOXES
INCHING CLOSER TO COMPLETION

Jack McGuinn, Senior Editor

It’s hard to imagine a world without manufacturing
standards, although in fact the concept is relatively new
when one thinks about it. Some history: The record states
that international standardization began in the electro-tech-
nical field with the creation in 1906 of the International
Electrotechnical Commission (IEC), and was further
advanced in 1926 by the creation of the now-defunct
International Federation of the National Standardizing
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Associations (ISA), whose emphasis was mechanical engi-
neering. It was in a post-war meeting in 1946 that delegates
from 25 countries created a new international organization
that would “facilitate the international coordination and uni-
fication of industrial standards,” i.e.—the ISO.

AGMA entered the picture in 1916 as an evolving
gear industry was striving to meet the auto industry-driven
demand for gears with quiet operation, particularly for tim-

www.gearfechnology.com



ing gears. AGMA began when the R.D. Nuttall Company
brought together several gear manufacturers to discuss
developing such standards. From Day One, AGMA stan-
dards development has been predominantly market-driven,
beginning in 1919 with the first rating standard, and the first
gear quality standard was established in the late 1930s.

Today, international standards serve as the manufactur-
ing rule of law, if you will, regarding guidelines or defini-
tions of characteristics to ensure that materials, products,
processes and services are fit for their purpose.

All of which brings us to the issue at hand—the status of
publication of ISO/IEC 61400-4, otherwise known as a new
standard for wind turbine gearboxes.

Faithful Gear Technology readers may recall that our
July 2009 issue contained an update of the deliberations
provided by Bill Bradley (Ed.’s Note: Bradley, a Gear
Technology technical editor, is also a consultant within the
gear industry from Longmont, CO with over 45 years’ expe-
rience. As a member of the American Gear Manufacturers
Association, he is active on a number of standards commit-
tees, including—Wind Turbine, Helical Gear Rating and
Gear Accuracy. As an AGMA VP, he was responsible for
facilitating national and international standards develop-
ment until he retired in 2007).

Now, almost two years later, there is an ISO/IEC wind
turbine gearbox standard out for draft international standard
ballot (ballot closes 2011-05-17), with an AGMA meeting in
Denver (March 16-17) convened to decide the U.S. position
on its wording.

With that, we contacted
Bradley again, along with
two additional authorities
on the subject, to see where
things stand on its ratifica-
tion and to determine what, if
any, effects the standard will
actually have on gear indus-
try players.

Where we’re at, accord-
ing to Bradley: “The activ-
ity on the ISO/IEC wind tur-
bine project 61400-4 since
July 2009 includes ballot of
a committee draft (CD) between October 2009 and January
2010, which resulted in over 900 comments (about 50 per-
cent were deemed editorial). Two meetings of the Joint
Working Group (JWG) for resolution of the comments were
held in Copenhagen (March 3-5, 2010) and Hangzhou,
China (April 26-28, 2010). In these meetings, over 300 sub-
stantive (non-editorial) changes to the document were agreed
to, and the resulting document had at least 30 major changes
in the technical requirements. Contrary to normal ISO proce-
dures, it was agreed to send the resulting document for draft
international standard (DIS) ballot, rather than another CD.
The DIS ballot opened December 17, 2010 and will close
on May 17, 2011. There is an AGMA meeting scheduled for
March 16-17 to decide the U.S. position on this document

for which about 100 U.S. committee members submitted
continued
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comments to be reviewed.

“In my more than 30
years’ experience in ISO
standards development, this
project has been the most
difficult; i.e., to maintain a
reasonable schedule; for the
ISO/IEC JWG members to
develop a consensus docu-
ment; and for the chairman
and document editors to
maintain neutral positions.
This is probably due to vested
interests of individuals and
companies who are involved in the JWG.”

Just keeping the acronyms straight seems like a big
enough task, much less passing the thing.

The next, and obvious question for Bradley—When will
the development of this standard come to fruition? Melville
probably wrapped up “Moby Dick” in quicker fashion than
this years-in-the-making standard, with work on it beginning
in the 1990s.

“It is very difficult to predict the time to completion of
this document,” he says. “Based on past performance, where
twice the usual time has been taken by the JWG to accom-
plish its tasks, I think it may take one to two years to be pub-
lished, if it is to be a standard. After the May ballot closure,
there should be a JWG meeting scheduled to resolve com-
ments. After the resolution meeting(s), there is normally a
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Large component mandrels from HAINBUCH:

Big demands call for big ideas and even bigger solutions. HAINBUCH has been engineering

standard workholding solutions for large component manufacturing for decades. Whether

your foc off-highway mining or wind energ

3—4 month edit period, which has taken twice that amount in
the past. If there are any substantive changes, another three-
month re-ballot is required. Then another resolution and edit
period is required.”

Clear on that?

Aside from actual passage of the standard, it is useful
to know—once it becomes operational—what effect it will
have in the real gear world. After all, standards are cre-
ated resulting from, according to ISO, consensus agreements
reached between all economic players in that industrial sec-
tor—suppliers, users and often governments. They agree on
specifications and criteria to be applied consistently in the
choice and classification of materials, the manufacture of
products and the provision of services. The aim is to facili-
tate trade, exchange and technology transfer through:

* Enhanced product quality and reliability at a

reasonable price

* Improved health, safety and environmental

protection, and reduction of waste

* Greater compatibility and interoperability of

goods and services

» Simplification for improved usability

¢ Reduction in the number of models, and thus

reduction in costs

* Increased distribution efficiency and ease of

maintenance

As for this standard’s particular effect, consider profit-
ability, for example. Says N.K. “Chinn” Chinnusamy, presi-
dent of Roscoe, IL-based Excel Gear, “I doubt that it will
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provide a more level playing field. The AGMA standard is a
good reference, but everything is not set in stone and many
factors are left to the experience of designers.”

“It’s hard to say,” says Chuck Schultz, chief engineer for
Beyta Gear Service and a Gear Technology technical editor.
“Better gearboxes will reduce warranty expenses, and that
certainly goes to the bottom line.”

Says Bradley, “An international gearbox rating standard
is not worth having unless it provides minimum require-
ments for a defined operating environment and life. The
requirements should result in ‘a more level playing field’
for its users. A company’s profitability could be positively
affected if it typically has provided more than the minimum
requirements. A company’s profitability could be negatively
affected if it typically has provided less than the minimum
requirements.”

And then the question arises whether the new standard
might be sufficiently stringent and unforgiving to the point
that smaller players may be left on the sidelines.

“Smaller job shops, to the extent they compete today
mostly as sub-contractors, will not be precluded from com-
peting by the standard, provided they meet the minimum
requirements,” says Bradley. “To my knowledge, many can
meet these requirements.”

Exel’s Chinn agrees. “No, I do not think so. There are
already AGMA guidelines for wind turbine gearbox design
and manufacture.”

Beyta’s Schultz has a more cautionary take. “The barriers
to market entry are equipment, knowledge and test stands,”

he says. “The testing require-
ments will certainly make it
harder for smaller players.
Putting over a million dol-
lars into non-chip-producing
assets is a very difficult busi-
ness decision for most com-
panies.”

And what about the seem-
ingly never ending upgrades
in grinding, gashing, cutting
tools and machinery? Is antic-
ipation of the new standard
driving the innovation?

“I think that is an overstatement. Standards don’t nor-
mally drive advancements,” Bradley flatly states.

At Excel, “Yes,” says Chinn, in agreement with Bradley.
“Gear gashing is mainly for wind turbine gear manufacturing
and gear gashing is very cost-effective for large internal and
external gears.”

But, says, Schultz, “The equipment builders are constant-
ly improving their products for all users. The wind turbine
gearbox designer is just as likely to exploit those improve-
ments as the automotive or industrial gearbox designer.
We would not see some of the intricate modifications if the
machines were not capable of producing it, however.

“In my personal opinion, you cannot ‘modify’ your way
out of a poor overall design. Modifications optimize for one

continued
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load condition and sub-optimize for all other load conditions.
If you don’t know what your operating loads are, you can
modify yourself into more trouble.”

As for the question, which comes first—market demand
or the standard?—all responders were in agreement.

“A market demand normally exists before efforts to
standardize,” says Bradley. “Standards try to catch up to the
demands.”

“I think market-driven demand comes first,” says Chinn.

Schultz agrees as well, but with a slight distinction. “The
standards reflect market demand.”

But one wonders, given the lengthy deliberation process,
is there a possibility that innovation could soon make the
standard somewhat “old school”?

For starters, “Siemens has developed new generators that
may not require gearboxes for small wind turbines,” says
Chinn.

“There is renewed talk and efforts to eliminate the gear-
box in wind turbines,” says Bradley. “However, efficiencies
and cost still seem to make a gearbox more desirable for the
large megawatt wind turbines. What might blunt the impact
is that by the time (the standard) is finished the industry will
already be practicing its requirements. Also, in the end, its
requirements may not be much different than today’s stan-
dard requirements or practice.”

Adds Schultz, “The standard will continue to evolve and
incorporate new methodology, especially in the heat treat
area.”

B0
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Schultz, as the following makes clear, is fully behind the
standard’s implementation.

“More effort is needed to understand the loads on the
turbines,” he says. “The gearboxes continue to underperform
and all the torque load testing doesn’t seem to be resolving
the problem. We know there are deflections of the housing
and chassis that affect gear and bearing alignment, but it is
very difficult to know which of these loads to test with and
how to model them.

“Anyone who claims to know what loads and accel-
erations the gearboxes will actually see in service is less than
truthful. Control systems and condition monitoring are in
need of much improvement. Predictive maintenance will be
an active area of development.” £}
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Tribology Aspects
In Angular
Transmission Systems

Part V:

Face Gears

Dr. Hermann Stadtfeld

(This article is part five of an eight-part series on the tribology aspects of angular gear drives. Each article will be presented
first and exclusively by Gear Technology, but the entire series will be included in Dr. Stadtfeld’s upcoming book on the sub-

ject, which is scheduled for release in 2011.)

Design

If two axes are positioned in space and the
task is to transmit motion and torque between
them using some kind of gears, then the fol-
lowing cases are commonly known:

* Axes are parallel - Cylindrical

Gears (line contact)

* Axes intersect under an angle —

Bevel Gears (line contact)

* Axes intersect under an angle —

Face Gears (line contact)

* Axes cross under an angle —

Crossed Helical Gears (point contact)

* Axes cross under an angle (mostly 90°) —

Worm Gear Drives (line contact)

* Axes cross under any angle —

Hypoid Gears (line contact)

The axes of face gears in the best sense of
the word intersect under an angle of 90°. The
face gear geometry is based on a cylindrical
pinion (spur or helical) that meshes with a
flat-face or crown gear. This naturally requires
a shaft angle of 90°. The face gear is derived
from the cylindrical pinion, using the prin-
ciple of conjugate surface generation. Also,
shaft angles smaller or larger than 90° can
be realized using the same principle, and the
face gear becomes a “beveled” gear. Short

continued
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of a separate name, modified gears in mesh
with cylindrical pinions in a non-parallel axis
arrangement are called face gears. In beveloid
gears it is also possible to use a cylindrical
pinion as one member and a beveloid as the
second member (manufactured with cylindri-
cal gear cutting and grinding technology). The
beveloid in this case is the special case of a
face gear with similar flank geometry features.

The pitch surfaces are a cylinder and a
cone which are calculated with the following
formula:

y, = 0°

Y= v+v,

YZ = E_yl
in case of: Y, =90°, y, = 90°

where: vy, Pinion pitch angle
Y Shaft angle
Y, Gear pitch angle

Face gears are designed and manufactured
with parallel tooth depth. The problem is the
changing circumference of the face gear mem-
ber between outer and inner diameter. If the
gearing law is applied in order to establish
conjugate face gear flank surfaces, it results
in heel-pressure angles of up to 45° and toe-
pressure angles of down to 0° (in case of 20°
pinion-pressure angle). In some area towards
the toe—where the pressure angle falls below
the limit pressure angle (at about 7°)—the
gearing law no longer applies and undercut
occurs that extends to the top of the face gear
flanks, which is true of a face width commonly
used in spiral bevel gears. The solution is to
use smaller face width. The profile function
of the face gear is not a function found in the
family of involutes (octoids).

Figure 1 shows an illustration of a face
gear set and a cross-sectional drawing. Face
gears with 0° spiral angle have no preferred
driving direction. Because of the orientation
of the flanks during manufacture, the designa-
tions “upper” and “lower” flank are used. Per
definition, the calculation programs treat the
spur pinion like a left-hand member and the
mating face gear like a right-hand member.
Consequently there is a drive-side and a coast-
side designation for proper definition rather
than for implying better suitability of torque
and motion transmission.



Analysis

The attempt to apply the gearing law in
order to generate a precise mating flank to a
given cylindrical pinion flank is possible—but
not without obstacles. The straight bevel gear
set in the left-side graphic in Figure 2 has iden-
tical ratios between the pinion and gear radii
along the operating pitch line. This is different
for the face gear set to the right in Figure 2 that
shows the changing ratio between the pinion
and gear radii along the pinion pitch line.

The laws of physics establish the operating
pitch line—which is the locus with no sliding
and pure rolling—while the correct ratio is
transmitted. The operating pitch line in face
gear drives is shown in Figure 3. It is identical
to the pitch line in an analogue bevel gear set.
The inclination between the pinion pitch line
and the operating pitch line in Figure 3 leads
to a pressure angle distortion. The nominal
pressure angle matches only at the crossing
point of the operating pitch with the pinion
pitch line (in one single point). It increases
towards the heel, where it causes pointed top-
land and reduces towards toe, where it reaches
the limit-pressure angle and results in under-
cut. The face width of face gears is therefore
limited in both directions.

The precise conjugate face gear flank sur-
face will result in line contact between the
two mating flanks (rolling without any load).
In the case of a torque transmission, the con-
tact lines become contact zones (stripes) with
a surface stress distribution that shows peak
values at the two ends of each observed con-
tact line and where the contact line is limited
by the outer end of the tooth (heel) and the
undercut zone (toe). In order to prevent this
edge contact, a crowning along the face width
of the teeth (length crowning) and in profile
direction (profile crowning) is introduced into
the gear flanks. A theoretical tooth contact
analysis (TCA) previous to gear manufactur-
ing can be performed in order to observe the
effect of the crowning in connection with the
basic characteristics of the particular gear set.
This also allows the possibility to return to the
basic dimensions in order to optimize them if
the analysis reveals any deficiencies. Figure
4 shows the result of a TCA of a typical face
gear set.

The two columns in Figure 4 represent
the analysis results of the two mating flank
combinations (see also “General Explanation
of Theoretical Bevel Gear Analysis”); how-
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Figure 3—Pinion pitch line and operating pitch line.
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Figure 4—Tooth contact analysis of a face gear set.

ever, for face gears the designation “drive”
and “coast” are strictly a definition rather than
a recommendation. The top graphics show the
ease-off topographies. The surface above the
presentation grid shows the consolidation of
the pinion and gear crowning. The ease-offs
in Figure 4 have a combination of length and
profile crowning, thus establishing a clearance
along the boundary of the teeth.

Below each ease-off the motion transmis-
sion graphs of the particular mating flank pair
are shown. The graphs show the angular varia-
tion of the driven gear in the case of a pinion
that rotates with a constant angular velocity.
The graphs are drawn for the rotation and mesh
of three consecutive pairs of teeth. While the
ease-off requires a sufficient amount of crown-
ing in order to prevent edge contact and allow
for load-affected deflections, the crowning in
turn causes proportional amounts of angular
motion variation of about 50 micro radians.

continued
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At the bottom of Figure 4, the tooth con-
tact pattern is plotted inside of the gear tooth
projection. These contact patterns are cal-
culated for zero-load and a virtual-marking-
compound film of 6 pum thickness. This basi-
cally duplicates the tooth contact, one could
observe, rolling the real version of the ana-
lyzed gear set under light load on a roll tester
while the gear member is coated with a thin
layer of marking compound. The contact lines
show a changing inclination between toe and
heel—each of them points to the shaft inter-
section point. The path-of- contact has a domi-
nating profile orientation; it crossed the central
contact line under about 90°.

The crowning reflected in the ease-off
results in a located-contact zone inside of the
boundaries of the gear tooth. A smaller tooth
contact area generally results from large mag-
nitudes of ease-off and motion-graph magni-
tudes, and vice versa.

Figure 5 shows nine discrete, potential
contact lines with their crowning amount along
their length (contact-line scan). The orienta-
tion of the contact lines is identical to the
contact-line orientation in Figure 4. If the gear
set operates in drive direction, then the contact
zone (instant-contact line) moves from the top
heel area to the root toe area.

The graph in Figure 6 illustrates the roll-
ing and sliding velocity vectors. Each vector is
projected to the tangential plane at the point of
origin of the vector. The velocity vectors are
drawn inside the gear tooth boundaries (axial
projection of one ring gear tooth). Figure 6
shows at the top the sliding velocity vectors
with their tips grouped along the path of con-
tact points. The rolling velocity vectors are
drawn in the lower graphic in Figure 6 with
their origin grouped along the path of contact.
Contrary to spiral bevel and hypoid gears, the
directions of both, sliding and rolling veloci-
ties, are oriented perpendicular to the pitch
line. The rolling velocities in all points are
directed to the root while the sliding velocities
point to the root, above the pitch line, and to
the top, below the pitch line. At the pitch line
the rolling velocity is zero, just like in the case
of straight bevel gears.

Face gears have properties very similar to
straight bevel gears, but for the exception that
the rectangular tooth area is under an angle
to the pitch line (Fig. 3). Sliding and rolling
velocity vectors are pointing perpendicular
to the pitch line direction (Fig. 6), which will



shift the contact lines in Figure 5 strictly per-
pendicular to the pitch line. This means that
the crowning of the contact lines has no sig-
nificant influence on the lubrication case (see
“General Explanation of Theoretical Bevel
Gear Analysis”), but only the relative profile
curvature perpendicular to the pitch line will
define the lubrication case and the hydrody-
namic condition. This will lead to lubrication
case 3 above the pitch line, and case 2 below
the pitch line. In contrast to straight bevel
gears, the sliding is high in the toe and heel
region caused by the inclined pitch line and
the increased distance between the pitch line
and the observed flank region. As a result, the
efficiency is lower.
Manufacturing

The soft manufacturing processes of face
gears are hobbing, shaping or generating with
a disk cutter. The hard-finishing processes are
continuous-threaded-wheel grinding, single-
index generating grinding and skive-shaping.

One example of a cutting and grinding
process of face gears is shown in Figure 7. The
blades of the disk-shaped cutter (top, Fig. 7)
represent with their cutting edges a plane per-
pendicular to the axis of rotation. A generating
motion with a non-constant ratio of roll around
the virtual axis of the mating pinion forms the
face gear flank profile. The cutter represents a
pinion flank meshing with the face gear like
the mating pinion. This is a single-indexing
process that requires an upper and lower cut-
ting arrangement in order to cut both flanks
(see also “Straight Bevel Gears”). Despite the
single-indexing and single-side cutting, the
process is rather fast because of the possibility
of high-speed dry-cutting and the fact that the
cutter disk only plunges and rolls in one posi-
tion (without traversing along the face width).
The described process leaves an arc in the root
along the face width.

The following grinding process for hard-
finishing—if required for a particular appli-
cation (Fig. 7, bottom)—uses a CBN-coated
grinding disk that essentially duplicates the
cutter-blade silhouette. An advantage of such
a related process combination is the fact that
soft and hard geometry in flank and root area
match perfectly.

Application

Most face gears used in power transmis-

sions are manufactured from carburized steel

and undergo a case hardening to a surface
continved

Figure 7—Face gear cutting (top) and grinding (bottom) in free form

machine.

Figure 8—Force diagram for calculation of bearing loads.
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hardness of 60 Rockwell C (HRC) and a core
hardness of 36 HRC. Because of the higher
pinion revolutions, it is advisable to give the
pinion a higher hardness than the ring gear
(e.g., pinion 62 HRC, gear 59 HRC).

Regarding surface durability, face gears are
very similar to straight bevel gears and spur
gears. At the pitch line, the sliding velocity
is zero and the rolling velocity under certain
loads cannot maintain a surface-separating
lubrication film. The result is pitting along
the pitch line that can destroy the tooth sur-
faces and even lead to tooth flank fracture.
However, it is possible that the pitting can
stabilize if the damage-causing condition is not
constant in the duty cycle.

In a face gear set, the pinion is a standard
spur or helical pinion. Its axial position will
not change the backlash between pinion and
gear and it is not critical to the gear set’s per-
formance. This reduces the requirements for
bearings and assembly accuracy, which is wel-
come in many applications.

The spur pinion of a face gear set has no
axial forces. All axial forces a face gear is
subjected to are caused by the pressure angle,
which is similar to straight bevel ring gears
with a simmilar pitch angle y. The axial force
components—due to the spiral and pitch
angles—are, for both members—zero. The
zero spiral angle minimizes the face contact
ratio of face gears to zero, but results in the
maximal tooth root thickness.

The bearing forces of face gears can be
calculated by applying a normal force vec-
tor at the position of the mean point (see
“General Explanation of Theoretical Bevel
Gear Analysis”). The force vector normal to
the transmitting flank is separated in its X and
Z components (Fig. 8).

The relationship in Figure 8 leads to the
following formulas, which can be used to cal-
culate bearing force components in a Cartesian
coordinate system and assign them to the bear-
ing load calculation in a CAD system:

General

F = -T/(A, esiny)

Fy = T (cosyesina/ (A, *sinyecosa)
E, = Te(siny*sina)/ (A, *siny * cosa)
Cylindrical pinion

F = T/A,

Fy = Tetana/A
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F = 0

z

Face gear in case of Y, = 90°

F, = -T/A,
F = 0
y
F, = -Tetana/A,
where: T Torque of observed member

A, Mean cone distance
Shaft angle
v Pitch angle
o Pressure angle
F,F,F Bearing load force components

x>y Tz

The bearing force calculation formulas are
based on the assumption that one pair of teeth
transmits the torque, with one normal-force
vector in the mean point of the flank pair. The
results are good approximations that reflect
the real bearing loads for multiple tooth mesh-
ing within an acceptable tolerance. A precise
calculation is, for example, possible with the
Gleason face gear design and analysis soft-
ware.

Face gears can operate with regular trans-
mission oil or, in the case of low RPM’s, with
a grease filling. In case of circumferential
speeds above 10m/min, a sump lubrication
with regular transmission oil is recommend-
ed. The oil level has to cover the facewidth
of those teeth lowest in the sump. More oil
causes foaming, cavitations and unneces-
sary energy loss. There is no requirement for
any lubrication additives at normal speeds.
However, in the case of circumferential speeds
above 500 m/min, the higher sliding veloci-
ties—compared to straight bevel and spiral
bevel gears—might require a high-pressure
oil with additives. Because the two flank types
in a face gear—upper and lower—are mirror
images of each other, there is no preferred
operating direction. This is advantageous for
many industrial applications.
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Gear Measuring Machine

by “NDG

Method”

for Gears Ranging from
Miniature to Super-Large

Masatoshi Yuzaki

“This is an interesting concept and should be of

interest to your readers.”
—Robert E. Smith

Robert E. Smith is president of R.E. Smith & Co. Inc., a
gear consultancy in Rochester, NY. A mechanical engineer,
he has more than 60 years’ experience in the gear industry.
He is chairman of the AGMA Calibration Committee and was
AGMA’s ISO delegate for that panel as well as for the AGMA
Inspection and Handbook Commiittee. Since 1991, he has vol-
unteered his services as a Gear Technology technical editor.
As Bob was the technical reviewer of this article, we believe
his comments regarding this paper’s relevance will be of in-
terest to readers. (The Editors)

“This is an interesting concept and should be of interest
to your readers. As the author points out, it has several advan-
tages over the conventional TDG method. When reducing the
X axis movement while checking large-diameter gears, the
potential errors of probe positioning are reduced. Also, the
instrument can be smaller in that direction. There are definite
advantages to checking small-diameter internal gears, also.

While the conventional instruments go “back to basics” and
measure normal to the tooth surface at the base circle tan-
gent, (the author’s) NDG method has the probe moving in a
direction that is not normal to the surface. He therefore has
to make a correction to all measurements involving the co-
sine of the transverse pressure angle. However, that is not
a problem. Gear measurements on a CMM-type instrument
have to be corrected in a similar way to the surface normals.
When we established our National Gear Metrology labora-
tory at Oak Ridge, we had them measure artifacts by the first
principles (TDG) method in order to compare to CMM-type
measurements that required algorithms for probe corrections.
We were satisfied that the results were good and the differ-
ences were insignificant. All artifacts today are measured by
the CMM instruments. In this case, the author did compare
measurements by both TDG and NDG systems, on the same
gear, and showed the results to be the same. It was done on a
gear of approximately 13-inch diameter, but I would expect
good results on much larger gears also. In fact, the error, or
uncertainty of measurement, should be (even) less on larger
gears.”

Management Summary

A study was conducted on the development of a CNC gear measuring machine for measuring involute tooth profile
by a new measurement method. Involute tooth profile measurement has been done, until now, by almost always using
two-axis control in which the probe moves only in the X-axis direction synchronously with the gear rotation angle (0).
In contrast, the newly developed measurement method uses three-axis control in which the probe moves along the line
of action under control in two orthogonal, axial directions (along the X and Y axes) synchronously with the gear rota-
tion angle (0).

This new method enables high-accuracy measurement because the small X-direction movement of the probe reduces
the guaranteed accuracy range and minimizes movement of the probing head gravity center. As probe movement in the X-
direction is unaffected by gear outside diameter, the advantage of the new method over earlier ones is particularly relevant
to the measurement of super-large gears. While conventional measurement methods must use multiple probes to avoid
probe-tooth interference in the measurement of inner gears, the new method uses fewer probes in inner gear measurement
and eliminates the need for an automatic tool changer (ATC). In the case of a small-diameter inner gear (outside circle
diameter of 10 mm or less), measurement of tooth profile, helix and pitch deviation can be completed with a one-time set-
ting. A CNC gear measuring system is developed using this new measurement method that provides numerous advantages
over conventional measuring systems.

continued
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Figure 1—Coordinate system of gear measuring machine.
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Figure 2—Typical tooth form measurement.
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Figure 3—Tooth form measurement by NDG Method.
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Introduction

Almost without exception, conventional dedicated gear
measuring machines measure involute tooth profile by the
two-axis control method: the probe moves only along the X
axis, orthogonal to the axis of rotation synchronously with the
gear rotation angle (0) (Figs. 1-2). As it is based on the prin-
ciple of involute tooth profile generation, this conventional
method is quite simple and easy to understand.

However, the working positions in the hobbing machine,
gear shaper, gear grinder and other tooling are almost all near
the center of the gear, and these working positions are very
different from the conventional tooth profile measurement
positions. In the hobbing machine, the tooth cutting position
of the hob cutter moves along the gear line of action while
rotating synchronously with the gear blank (Fig. 3).

The author long questioned the reason for the significant
difference between the working positions during gear machin-
ing and the measurement positions during gear measurement
(tangent to the base circle). This current study grew out of an
intuition that it should work to control the probe movement at
the gear cutting position.

The author will use the term “tangential direction gener-
ate method” (TDG Method) for the ordinary measurement in
which the probe moves only in the direction tangential to the
base circle (X-axis direction orthogonal to the axis of rota-
tion), and the term “normal direction generate method” (NDG
Method [patent applied]), for the new measurement method
in which the probe moves along the lines of action (X and Y
axes orthogonal to the axis of rotation).

Normal Direction Generate Method (NDG Method)

Amount of probe movement. As seen in Figure 3, the
NDG Method measures tooth profile as the probe is moved
along the line of action in the same way as the hob cutter dur-
ing tooth cutting. The probe moves in the direction of touch-
ing the base circle, and the principle of involute tooth profile
generation is exactly the same as in the TDG Method.

Measurement of a standard gear without any profile shift
(whose height of the involute tooth profile portion is one mod-
ule on both the addendum side and the dedendum side) by the
NDG Method gives L, = L, = m/tana, (mm), where L and L,
are the amounts of probe X-axis direction movement from the
Y axis passing through the gear center on the addendum side
and the dedendum side, respectively; m is the module (mm),
and at is the transverse pressure angle. When o, = 20°, L =
L, = 2.7 m. Measurement is the same for the right and left
tooth faces. Thus the amount of probe movement in the NDG
Method is independent of the number of gear teeth and diam-
eter of the reference circle.

On the contrary, the amount of X-axis direction probe
movement in the TDG Method is approximately proportional
to the reference circle diameter (Fig. 4) and given by:

L=L = O.SZ-m\/(lJrZ/z)2 —cos’

A graph representing (Lz + Lr) when m = 10 mm is shown
in Figure 5. The amount of X-axis direction probe movement
increases with the diameter of the reference circle. A machine
capable of measuring a super-large gear like that in Figure 6
using the TDG method is therefore very difficult to build.

Measurement error. While probe movement is solely in
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the X-axis direction during tooth profile measurement by the
TDG Method, it occurs in both the X-axis and Y-axis direc-
tions of the measuring machine in the NDG Method. The
profile measurement error caused by probe movement er-
ror during measurement therefore differs between the TDG
Method and the NDG Method. The nature of this difference
was investigated.

In Figure 7, the probe being positioned at A indicates
tooth profile measurement by the TDG Method, and the probe
being positioned at B indicates tooth profile measurement by
the NDG Method.

Let us assume that maximum tooth profile measurement
error in the TDG Method, designated F_,, -, can be expressed
by:

F

1o = lex| + lec|+[A6l,

ey

where:

|ex| is the maximum X-axis direction error of the probe aris-
ing independently of its X axis position,

|eL| is the maximum X-axis direction error of the probe aris-
ing due to large movement of the probe,
| A0| is the maximum gear rotation angle error,

and:

r, is the radius of the gear base circle.

Let us further assume that maximum tooth profile mea-
surement error in the NDG Method, designated F_, ., can be
expressed by:

F,_npc =lex|cosa, +ey|sine, +|Ad),

@)

where:

|ey| is the maximum Y-axis direction error of the probe.

As the amount of probe movement is small in the NDG
Method, |eL| is assumed to be negligibly small.

The maximum tooth profile measurement errors by the
NDG Method and TDG Method are compared by taking the
difference between Equation 1 and Equation 2 to obtain Equa-
tion 3:

Fy oo — Furp = lex|(cosa, = 1) + ey [sine, —|e,| 3)

From the fact that |€Y| is about the same size as |eX|,
the following expression holds:
F, e —F, = ‘ex‘(sin a, +cosa, —1)_‘%‘ 4
when:
o, =20°,
Fy xpe = Fa-tpe = 028‘@)(‘ - ‘eL‘ )
This means that the tooth profile measurement error of the
TDG Method is greater than that of the NDG Method when
|e exceeds 0.28 |eX|.

To give a specific example: at |eX| of 0.2 um, the TDG

Method becomes greater in measurement error than the NDG
continued
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Figure 4—Amount of probe movement by TDG Method.
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Figure 5—Amount of probe movement in X-axis direction by
TDG Method.
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Figure 7—Measurement error by TDG Method (A) and NDG
Method (B).
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Table 1—Specifications of the Developed NDG Measuring Machine

Tooth tip
Base Circle

Figure 8—Measurement of inner gear by TDG-Method (A)
and NDG-Method (B).

Line of Action
Reference Circle

Base Circle
Ot

Figure 9—Measurement by sphere tip probe.

Method when |eL| becomes 0.056 mm or larger. In a machine
for measuring super-large gears, it is extremely difficult to
achieve a probe movement error of less than 0.056 mm. The
NDG Method is therefore better than the TDG Method for
measuring super-large gears.

Measurement of inner gear. When an inner gear is mea-
sured by the TGD Method, it becomes impossible to measure
tooth profile, helix and pitch deviation with a one-time setting
because interference arises between the tooth face and probe,
thereby causing frequent interruptions.

In Figure 8, the case where the probe is positioned at A
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Test Mode profile, lead, pitch
for spur/helical gear, internal gear
with auto alignment system
Machine | Size 4,300 x 1,200 x 3,400 mm
Weight 6,000 kg
Measurement 0.1 um
accuracy
Module 1.0t0 32 mm
Quter diameter 2,000 mm
(max)
Face width 1,500 mm
Gear |(max)
Helix angle 165 deg
(max)
Shaft length 150 to 2,000 mm
Weight (max) 10,000 kg
Y indicates measurement of inner gear tooth profile by the TDG

Method. When a probe of small tip diameter is used, interfer-
ence occurs between the tooth tip and the probe stem. If an at-
tempt is made to avoid interference between the tooth tip and
probe stem by enlarging the probe tip diameter, interference
will then occur between the probe tip and the opposite tooth
face. Although this problem can be overcome by removing
one side of the probe tip, it would require the probe orien-
tation to be reversed laterally when measuring the opposite
tooth face.

On the other hand—as shown in Figure 8B—measure-
ment by the NDG Method does not experience interference
between the tooth tip and probe, no matter how much probe
tip diameter is reduced. The left and right tooth faces can
therefore be measured with a single, small probe. The effi-
cacy of the NDG Method is therefore particularly evident in
the measurement of small-diameter, inner gears (¢ 10 mm or
less).

Probe tip position. It should also be noted regarding mea-
surement by the NDG Method that it differs from that of the
TDG Method not only in the direction of probe movement,
but also—depending on the probe type—in the initial probe
position.

Figure 9 shows an example in which the probe has a
spherical tip. In the TDG Method—indicated by A in the
drawing—the center of the tip sphere is positioned on the X
axis, where the measurement is performed. In the NDG Meth-
od—indicated by B in the drawing—the center of the probe
tip sphere is positioned at the intercept of the reference circle
and the Y axis, and measurement is performed along the line
of action at pressure angle o

Figure 10 shows an example in which the probe has a
chisel type tip. In the TDG Method—indicated by A in the
drawing—the tip of the chisel is positioned on the X axis,
where the measurement is performed. In the NDG Method—
indicated by B in the drawing—the axis of the probe stem is
aligned with the Y axis and the chisel tip must be moved from
the intercept of the reference circle and the Y axis toward the
gear center by (dj/ 2)tan oy, where dp is the tip diameter of the
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chisel type probe..
NDG Measuring Machine

A measuring machine utilizing the newly developed
NDG Method is shown in Figure 11. The specifications of
the developed measuring machine are provided in Table 1.
The X axis direction width of the measuring machine can be
slimmed down considerably, compared with one adopting the
conventional system.

In the measuring machine using the NDG Method, the
probe is controlled in orthogonal, two-axis (X and Y) direc-
tion at a given angle to move along the line of action. It should
therefore be noted that the tooth profile error output of the
probe—which has sensitivity in the X axis direction—is the
cosine (cos) of the transverse pressure angle. In other words,
the tooth profile error must be multiplied by the displacement

output (1/cosa,). And, as mentioned previously, the probe
must be initially positioned so that the measurement point
falls on the line of action.

Measurement Result

The dimensions of a gear for test measurement are shown
in Table 2.

NDG Method measurement is performed near the gear
center, analogous with the working positions in a gear man-
ufacturing machine. This makes measurement possible in a
much shorter time than by the TDG Method. A comparison
of measurement times using the same developed measuring
machine showed that the NDG Method achieved a time re-
duction of 35% for profile measurement, compared with the
TDG Method.

Figure 12 and Table 3 show the results when tooth pro-
file measurement is conducted by the NDG Method and TDG
Method in the same developed measuring machine. The re-

sults show that there is no substantial difference in measure-
continued

Table 2—Gear Dimensions for Test Measurement

Module 5 mm
Number of teeth 60

Outer Diameter 329.5 mm
Pressure Angle 20 deg
Helix Angle 20 deg
Gear Width 50 mm

Table 3—Profile Deviations by
TDG-Method and NDG-Method

Unit:pm
Right Flank
Foc ‘ffa fHu Fa ‘ffa fHa

Left Flank

2.4
2.4

TDG |38 |17
NDG (38 |17

-3.4 24 0.7
-3.4 2.4 0.7

Reference Circle

ddy .
Base Circle

Figure 10—Measurement by chisel tip probe.

/"\

p—

Figure 11—Developed NDG measuring machine.
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ment accuracy between the NDG Method and TDG Method.
Conclusion
The following are some typical problems that arise when
tooth profile is measured by the conventional TDG Method,
in which the probe moves only in the X axis direction:

* High-accuracy measurement cannot be anticipated
in a measuring machine for large gears because
the large movement of the probing head expands the
guaranteed accuracy range and increases movement
of the probing head gravity center.

» The X axis direction movement of the probe is
proportional to the gear reference circle diameter,
making large-gear measurement time consuming.

*  When an inner gear is measured, it is often impossible
to measure tooth profile, helix and pitch deviation
with a one-time setting because interference arises
between the tooth face and probe, thus necessitating
frequent interruptions.

* Numerous probes matched to different gear sizes are
necessary. An automatic tool changer is therefore
more often required, and probe calibration work
increases.

* Measurement of a small-module inner gear (minimum
outside circle diameter of 10 mm or less) is difficult.

NDG Meas. Left

TDG Meas. Left

TDG Meas. Right

NDG Meas. Right

Figure 12—Profile measurement results by TDG Method and
NDG Method.

Masatoshi Yuzaki is president of To-

kyo Technical Instruments, a company

he founded in 1972 as a manufacturer

of gear measuring machines and instru-

ments. Yuzaki’s continuing commitment

to the development of innovative prod-

ucts that contribute to gear quality im-

provement worldwide is evidenced by his

company’s many and diverse offerings

matched to ever-changing global mea-

surement needs. Applications have been filed for international
patent protection of the NDG Method measuring machine. Yu-
zaki is a member of the Measurement Committee of the Japan
Gear Manufacturers Association (JGMA) and a member of the
Japan Society of Mechanical Engineers (JSME).

* High-accuracy tooth profile management is hard to
achieve in the measurement of dies and molds used for
plastics, sintered metals, forgings and the like.

In contrast, advantages such as the following are obtained
when tooth profile measurement is performed by the NDG
Method, in which the probe moves along the line of action
under control in two orthogonal, axial directions (along the
X and Y axes):

* High-accuracy measurement is possible, even in a

measuring machine for large gears, because the

small X axis direction movement of the probe
reduces the guaranteed accuracy range and minimizes
movement of the probing head gravity center.

* As measurement is conducted near the gear center,
even a large gear with a large reference circle diameter
can be measured in a relatively short time.

* In inner gear measurement, the fact that no interfer-
ence arises between the gear and the probe reduces
the number of probes required, eliminates the need
for an automatic tool changer, and minimizes probe
calibration work.

* Measurement of tooth profile, helix and pitch devia-
tion can be completed with a one-time setting,
even in the case of a small-diameter inner gear
(outside circle diameter ¢ of 10 mm or less).

A program enabling NDG Method measurement can be

incorporated into an existing CNC gear measuring machine.

When an NDG Method measuring machine was actually
built, it was found that the X-axis direction width of the ma-
chine could be made slimmer than a conventional one. In ad-
dition, the tooth profile measurement results were found to be
substantially no different in accuracy from those by the con-
ventional system. The NDG Method was incorporated into a
conventional measuring machine and was confirmed to be a
tooth profile measuring method applicable to gears ranging
widely in size—from super-large to miniature.

(In closing, the author wishes to express heartfelt grati-
tude to the team members who built the measuring machine.)
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Optimal
Modifications of
Gear Tooth Surfaces

Vilmos Simon

(Proceedings of the 3rd International Conference on Power Transmission 2009. October 1-2, 2009, Chalkidiki, Greece.)

tion of optimal tooth modifications.

Management Summary

In this paper a new method for the introduction of optimal modifications into gear tooth surfaces—based on the
optimal corrections of the profile and diameter of the head cutter, and optimal variation of machine tool settings for
pinion and gear finishing—is presented. The goal of these tooth modifications is the achievement of a more favorable
load distribution and reduced transmission error. The method is applied to face milled and face hobbed hypoid gears.

Corresponding computer programs are developed. By using these programs, the optimal head cutter geometry and
the optimal machine tool settings for pinion and gear tooth processing are determined. The influence of tooth errors and
misalignments of the mating members on load distribution and transmission error is investigated. The obtained results
show that the influence of tooth errors and misalignments on gear performances is significantly reduced by the introduc-

Introduction

Conjugated spur, helical, spiral bevel, hypoid and worm
gears are theoretically in line contact. In order to decrease the
sensitivity of the gear pair to errors in tooth surfaces and to
the mutual position of the mating members, carefully chosen
modifications are usually introduced into the teeth of one or
both members. Over the years, much research has been direct-
ed towards the optimization of design and manufacture of dif-
ferent types of gears. Some of the related references are for:

* Spur and helical gears (Refs. 1-3)

» Spiral bevel and hypoid gears (Refs. 4-27)

* Cylindrical worm gears (Refs. 28-35)

* Double-enveloping worm gears (Refs. 36—40)

As a result of these modifications, the gear pair becomes

X101

Figure 1—Bi-circular tool profile for pinion tooth finishing.
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“mismatched,” and point contact of the meshed tooth surfaces
appears instead of line contact. In practice, these modifica-
tions are usually introduced by applying the appropriate ma-
chine tool setting for pinion and gear manufacture, or by the
optimization of the tool geometry.

The method for the determination of optimal tooth modi-
fications—based on minimized tooth contact pressure and
transmission error—is presented in the example of face milled
and face hobbed hypoid gears.

Theoretical Background

The major differences between the face milling and face
hobbing process are:

* In face hobbing, a timed continuous indexing is
provided, while in face-milling, the indexing is
intermittently provided after cutting each tooth side
or slot.

* The lengthwise tooth curve of face milled hypoid
gears is a circular arc with a curvature radius equal
to the cutter radius, while the lengthwise tooth curve
of face hobbed gears is an epicycloid that is kinemati-
cally generated by the indexing motion.

* Face hobbing gear design uses the uniform tooth
depth system while face milling gear design uses the
tapered tooth depth system; i.e.—the pinion is the
driving member. The convex side of the gear tooth
and the mating concave side of the pinion tooth are
the drive sides.

www.gearfechnology.com



The Generation of Tooth Surfaces in
Face Milled Hypoid Gears
A Gleason-type hypoid gear pair—with generated pinion
and non-generated gear—is treated. The optimal tooth modi-
fications are introduced into the pinion tooth surface by using

and appropriate machine tool settings.

The tool surface, with bi-circular profile and for the gen-
eration of the driving side of pinion teeth, is in the coordi-
nate system Kr, (attached to tool T), defined by the following
equation (and Fig. 1):

a cutter with bi-circular profile (Fig. 1), optimal tool diameter continued
Nomenclature
¢e = Sliding base setting, mm AY,@ = Dynamic angular displacement of the
d = Basic machine center to back increment driven gear member, arc second
setting for gear finishing, mm AYY = Kinematic angular displacement of the
e = Basic radial setting, mm driven gear member, arc second
Lt = Basic machine center setting, mm 3 = Basic swivel angle setting for pinion
8 8 = Basic offset setting, mm finishing, deg
h = Basic horizontal setting for gear g, = Angular misalignment of pinion axis, deg
finishing, mm b0, = Rotation angles of the pinion and gear,
h, = Distance from tilt center to machine respectively, in mesh, deg
plane, mm O b0 = Initial rotation angles of the pinion and
hy, = Position of cutter radii’s connection gear, respectively, in mesh, deg
point, mm A = Initial setting angle of head cutter axis, deg
i = Indexing ratio Y, = Machine root setting angle for pinion
lpi, = Velocity ratios in the kinematic scheme finishing, deg
of the machine tool for the generation Y, = Machine root angle setting for gear

of pinion and gear tooth surfaces
= Number of head cutter’s blade groups
= Number of teeth of the imaginary
generating crown gear
= Number of teeth of the workpiece
Number of pinion and gear teeth
Maximum tooth contact pressure, N/cm?
Radius of circular tool profile, mm
Pinion finishing cutter radius, mm
Gear finishing cutter radius, mm
Tooth thickness, mm
Tool surface variables, mm
= Basic vertical setting for gear finishing,
mm
Xy Zopi = Coordinates of the center of the circular
blade profile, mm
Xpor Voo = Coordinates of the center of circular arc
tool profile, mm
Z = Position of blade profile radii’s connection
point, mm
o = Profile angle of the straight-lined cutting
edge, deg
= Pinion finishing tool profile angle, deg
= Gear finishing tool profile angle, deg
= Basic tilt angle setting for pinion finishing,

p
deg
p

52 u-z

= =

_

=
Il

max

N
I}

profi

f\’)\ O

<= 8 @
~
Il

SIS

= Load distribution factor
Ao, = Angular displacement of the driven gear
member, arc second
A, = Angular displacement of the driven gear
member due to edge contact, arc second

finishing, deg

m, = Initial setting angle of head cutter, deg

v = Parameter of circular cutting edge, deg

K = Tilt angle of cutter spindle with respect to
cradle rotation angle, deg

u = Swivel angle of cutter tilt, deg

o© = Angular velocity of the imaginary generat-
ing crown gear, deg

o ® = Angular velocity of the tool in pinion teeth
generation, sec 7!

o® = Angular velocity of the head cutter, sec™

o™ = Angular velocity of the workpiece, sec™

0 = Tool surface variable, mm

P, = Radius of the rolling circle of the imagi-
nary generating crown gear, mm

P, = Radius of the rolling circle of the head
cutter, mm

S = Tool surface variable, mm

&, = Offset angle of cutter blade, deg

7 = Cradle rotation angle, deg

\ = Rotation angles of the pinion and the gear
in the generation of tooth flanks, deg

v, = Rotation angle of the imaginary generating
crown gear in its generation, deg

v, = Rotation angle of the imaginary generating
crown gear in pinion gear tooth genera-
tion, deg

v, = Rotation angle of head cutter, deg
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where: i =1, 2—for pinion and gear, respectively.

In the case of straight-sided profile (Fig. 2), the equation
of tool surface is as follows:
—u
+u-t -cos @
VTCT’)(%9)= (ry, +uitga,) C?S )
(r, +utga, ) sin
1

The generated tooth surface of the pinion (Fig. 2) is de-

fined by the system of equations:
'_:](1) =Mp4 .Mp3 'MpZ 'Mpl F}ITI)
3)
‘—;(ETI.I) .één) -0

where: ¥ 7" is the relative velocity vector of the tool T, to
the pinion, and € ™" is the unit normal vector of the tool sur-
face.

On the basis of Figure 2 and Equations 1 and 2, for the
relative velocity vector and for the unit normal vector of the
tool surface, it follows that:

. (T1)
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where: g = o, is in the case of straight-sided tool profile; g =
v in the case of bi-circular profile and:

=(T1) _ =(T1) 6
k=M, -M, r, (6)

Matrices M, -M, provide the coordinate transformations
from the coordinate system K, (attached to the tool) into the
system K, (attached to the pinion). The coordinate transforma-
tions are defined by the following equations (Fig. 2):

cos B —sin B 0 0
_ - cosd-sinfB cosé-cosf —sind 0| _ (7
Frg=M, -, =| | . . 'rr1( )
sind-sinff  sind-cosff cosd 0
0 0 0 1
1 0 0 0
_ - 0 sin —cos e-cos _
raszZ'rT(): v . v .W -F ®
0 cosy siny —e-siny
0 0 0 1

Pinion

Z01
— — ————— —
Zp

2710

Cutter T4

Figure 2—Machine tool setting for pinion tooth finishing.
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cosy, —-siny, 0 —c-cosy,
- - ' 0 —f-csi -
Ty =M,; 1, = Sl’;yl co;yl 1 S i ©)
g
0 0 0 1
cosy, 0 siny, 0
0 1 0 -
;1=Mp4';:01= . P 'Foz (10)
—siny, 0 cosy,
0 0 0 1

The surface of the tool used for gear tooth processing is in
the coordinate system K, (attached to tool 7,), defined by the
equation (Fig. 3.):

-t
(r,2 +1¢ -tgaz)- cosé&
(v, +t-tga, )-siné
1

)= an

The position vector of the formed gear tooth surface points
is obtained by simple coordinate transformation of vector (Eq.
11) from system K, into the system K, (attached to the gear),
as follows:

=(2 =(T2
=M, R (12)
The matrix of this coordinate transformation is given by

the expression (Fig. 3):

siny, —cosy, 0 d—h-cosy,
M., = cosy, siny, 0  h-siny, (13)
£ 0 0 1 —v
0 0 0 1

The Generation of Tooth Surfaces in
Hobbed Hypoid Gears

In this paper the face hobbing process is based on the gen-
eralized concept of hypoid gear generation in which the mat-
ing pinion and gear can be considered respectively, generated
by the imaginary generating crown gear shown in Figure 4.
This imaginary generating gear is a virtual gear whose teeth
are formed by the traces of the cutting edges of the head cutter
blades (Fig. 5), although its tooth number is not necessarily
an integer. Rather, it can be considered as a special case of a
hypoid gear with a 90° pitch angle.

In the face hobbing process, two independent motions—
timed continuous indexing and generating motion—are su-
perimposed. The indexing motion between the tool and the
imaginary generating gear forms the tooth surface of the gen-
erating gear with the extended epicycloid lengthwise tooth
curve (Fig. 4). The indexing relationship can be expressed as:

t
" _ N, =i (14)
N,

where: ©® and © denote the angular velocities of the
head cutter and the imaginary generating gear N, and N, the
number of the head cutter’s blade groups, and the number of

pre)
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teeth of the imaginary generating gear, respectively.

The second related motion is the rolling motion of the
generating gear and the rotation of the workpiece-generated
gear (Fig. 4). It can be represented as:

o™ N, .
o vl (15)
continved

Figure 4—Concept of hypoid gear hobbing.
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where: ®® and N, denote the angular velocity of the work-
piece and the tooth number of the workpiece, respectively;
and i, is the ratio of roll in the generation of pinion and gear
tooth surfaces.

Figure 5 shows the relative position between the head cut-
ter and the imaginary generating crown gear. The relative po-
sition for two face hobbing methods for the implementation of
the longitudinal tooth crowning of tooth flanks is presented:

* In the first system, two separate rotation centers

with non-tilting cutter head cutter is applied to achieve
lengthwise crowning.

* In the second method, cutter tilt is used to modify the

curvatures of tooth surfaces.

In the generation process of the imaginary crown gear, the
head cutter is rolling with its roll circle of radius p, on the
base circle of the imaginary crown gear of radius p, without
slippage. This rolling is realized by the rotations of the head
cutter with angular velocity ®® and of the crown gear with
angular velocity ®® around their axes in different directions
(Fig. 5). The radii of rolling circles of the head cutter and of
the generating crown gear are determined, respectively, by:

-, (16)
Pr N, +N,

_ N e 17
P = NN (17

where: e is the radial machine setting.

In the system with non-tilting head cutter, the axes of
the imaginary generating crown gear and of the head cutter
are parallel. In the hypoid gear pair, where the convex gear
flank rolls with the concave pinion flank, these are the “drive
sides.” The other pair of flanks is the “coast side.” In Figure
5, the inside blade generates the convex gear tooth flank and
the outer blade generates the concave pinion tooth flank. The
lengthwise curvature of the concave surface is modified by
increasing the radius of the outer head cutter. In addition, the
eccentricity A and orientation angle Ay of the outer rotation
center O, to inner rotation center O are used to control tooth
thickness and contact position. The inside and outer blades
are rigidly connected to the rolling circles with centers O, and
0, respectively. The effective cutting direction of the blades
in the head cutter is not perpendicular to the cutter radius vec-
tor. The blades are moved in the head cutter tangentially to an
offset position to accommodate the correct orientation with
respect to the cutting motion vector. Therefore, the normal to
the loci of blades at the middle point of tooth profiles, M, has
to pass through instantaneous centers of rotation O, and O,
simultaneously. The profile of blades in the plane (y,, z,) of
coordinate system K (x,, y, and z,) may be a straight-lined or
a circular arc in order to introduce tooth profile modification
(Fig. 6).

Equation of the straight lined profile (based on Fig. 6a):

N

NS

Xto

N \\ N
e
Pinion tooth
flank Xt Xt0

Gear tooth
flank

Figure 5—Relative position between the head cutter and the imaginary generating crown gear.
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(18)

Equation of the circular arc profile (based on Fig. 6b):

o COS v)
0 (19)

-Sinv

sign - (x@pl. +r

z epi rpmﬁ

1

where: sign = 1 for the convex tooth flank of the pinion and
concave tooth flank of the gear; and sign = —1 for the concave
tooth flank of the pinion and convex tooth flank of the gear
member.

The tooth surface of the imaginary generating crown gear
produced by coordinate transformation from coordinate sys-
tem K (x , y, and z )—rigidly connected to the head cutter—to
coordinate system K (x, y, and z )—connected to the imagi-
nary generating crown gear—is represented by the following
matrix equation (Figs. 5 and 7):

Fcch4'Mc3.Mc2'Mcl'F =M ;:

e e te (20)

The coordinate transformations between the main coordi-
nate systems K (x,,y and z ), K (x, y. and z ) and the auxiliary
coordinate systems (Figs. 5 and 7), are performed as follows:

cos&, —siné, 0 r,
FoM, P = sing; cosg; 0 0 F0 @D
0 0 1 0
0 0 0 1
cosp —sinu-sink sinp-cosk 0
- ~ 0 cos K SinK hy| - (22)
tO_Mcz'rz: . . iy
—Sinp —cosp-sink cosp-cosk 0
0 0 0 1
cos(n, +y,) sinln, +y,) 0 e-cosy,
FoM,E - —sin(n, +y,) cos(n, +y,) 0 e-siny, 703
0 0 1 0
0 0 0 1
cosy, siny, 0 0
- . |=siny, cosy. 0 0] _
F=M, F= Ve Ve P
0 0 1 0
0 0 0 1
In the case of non-tilting head cutter:
1 0 0 0
0 0 h
F,=M_ F = C|F 25
10 c2 t 0 0 ] 0 t ( )
0 0 0 1

Due to the indexing motion: v, =i - (y_ -y ); where: y_=—
(90° =y, ory  =—(90° —,).
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To obtain the pinion/gear tooth surface in the generating
process, the work gear is rolled with the imaginary crown
gear. Figure 8 describes the coordinate systems between the
imaginary generating crown gear and the work gears:

¢ Coordinate system K (x , y_and z ) is rigidly connected

to the generating crown gear;

¢ Coordinate systems K (x,, v, and z,) and K(x,, ¥, and z,)

are rigidly connected to the pinion and the gear, respectively.
continved
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Figure 7—Rolling of head cutter and imaginary generating
crown gear.
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The tooth surfaces of the pinion and gear are defined by
the following system of equations:

;}([) =M; M, M, ‘Fc(i) =M; M, M, M, 'fe(i) (26a)

560 50 Z ¢

ch c0 (26b)

The coordinate transformations between the main coor-
dinate systems K (x, yc,zc), Kj(xl,yl,zl), K2 (xz,yz,zz) and the
auxiliary coordinate systems (Fig. 8), are performed as fol-
lows:

cosy, —siny, 0 0
N iny . o0 0 -
"C(é) -M, "‘c(') _| S oSy, _rc(l)
0 0 10 27
0 0 0 1
—siny; 0 cosy; —c; -cosy;
~ (i _G cosy, 0 siny, —c,-siny,—f.| _
rt(O) = MiZ L(U) 0 bi 0 g ’ rﬂ(ﬂ) (28)
0 0 0 1
cosy, 0 siny, 0
0 1 0 0 ;
=) _ =0) =)
r' =M, - = r
i i3 i0 _ Sin l//i 0 cos ‘//i 0 i0 (29)
0 0 0 1
ya(lr)) — iy (yL(lﬂ) +gi)'sm7i
S _ @ |0 [0 0) (30)
ng @ : _x00+lgi.xcU'Sln}/i_(ZCO_Ci 'COS}/i]
Ly -(yﬁ’o) +g;)cosy,

where: the velocity ratio in the kinematic scheme of the ma-
chine tool for the generation of pinion and gear tooth surfaces
is:

=2 T 31)

The normal surface vector of the imaginary generating
crown gear for pinion and gear tooth-surface generation is:

TR VRV I
Loaded Tooth Contact Analysis

In order to determine maximum tooth contact pressure
and transmission error, the new method of load distribution
calculation is applied (Ref. 22).

The load distribution calculation is based on the condi-
tions that the total angular position errors of the gear teeth
being instantaneously in contact under load must be the same,
and along the contact line (contact area) of every tooth pair
instantaneously in contact, the composite displacements of
tooth-surface points—as the sums of tooth deformations,
tooth surface separations, misalignments, and composite
tooth error— should correspond to the angular position of the
gear member. Therefore, in all the points of the instantaneous
contact lines, the following displacement compatibility equa-
tion should be satisfied:

A, = 4¢") + 44 = @, [Fxa)
P
where: Ay is the composite displacement of contacting sur-
faces in the direction of the unit tooth surface normal €, F is
the position vector of the contact point, r, is the distance of
the contact point to the gear axis, and d_is the unit vector of
the gear axis.

The composite displacement of the contacting surfaces in
contact point D, in the direction of the tooth-surface normal,
can be expressed as:

aglt) (3

4y, :W(ZD)+S(ZD)+en(ZD) (34)
where: z, is the coordinate of point D along the contact line,
w(z,) is the total deflection in point D, s(z,) is the relative
geometrical separation of tooth-surfaces in point D, and e,
(z,) is the composite error in point D, which is the sum of
manufacturing and alignment errors of pinion and gear.

The total deflection in point D is defined by the following
equation:

W(ZD): _[Kd(ZD»ZF)'P(ZF)'dZ""Kc(ZD)'P(ZD) (35)

Yeo Machine plane

D
Xo1 .

A ——

27

/
y

Figure 8—Generation of pinion and gear tooth surfaces.
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where: L, is the geometrical length of the line of contact on
tooth pair i, K (z,, z,) is the influence factor of tooth load act-
ing in tooth-surface point F on total composite deflection of
pinion and gear teeth in contact point D. K, includes the bend-
ing and shearing deflections of pinion and gear teeth, pinion
and gear body bending and torsion, and deflections of sup-
porting shafts. A finite element computer program is devel-
oped for the calculation of bending and shearing deflections
in the pinion and in the gear. K, (z,) is the influence factor
for the contact approach between contacting pinion and gear
teeth—i.e., the composite contact deformation in point D un-
der load acting in the same point, and p(z,), p(z,,) are the tooth
loads acting in positions F and D, respectively.

As the contact points are at different distances from the
pinion/gear axis, the transmitted torque is defined by the
equation:

i,
r= Z .[’"F '|13(ZF)';()F|'dZ

ir=1 Ly

(36)

there: r,. is the distance of the loaded point F to the gear axis,
t,.is the tangent unit vector to the circle of radius r,, passing

through the loaded point F in the transverse plane of the gear,
and N, is the number of gear tooth pairs instantaneously in
contact.

The load distribution on each line of contact can be cal-
culated by solving the nonlinear system of Equations 33-36.
An approximate and iterative technique is used to attain the
solution. The contact lines are discretized into a suitable num-
ber of small segments, and the tooth contact pressure, acting
along a segment, is approximated by a concentrated load, AF,
acting in the midpoint of the segment. The actual load distri-
bution, defined by the values of load AF, is obtained by using
the “successive-over-relaxation method.” In every iteration
cycle, a search for the points of the “potential” contact lines
that could be in instantaneous contact is performed. For these
points, the following condition should be satisfied:

A¢2 - A¢2(1((i?)

((Fx&(,)-é)
"o m (ic.02)

The details of the method for load distribution calculation

in hypoid gears are described in Reference 22.
Transmission Error

Total transmission error consists of kinematical transmis-
sion error due to a mismatch of the gear pair, eventual tooth
errors, misalignment of the meshing members and transmis-
sion error caused by tooth deflection.

It is assumed that the pinion is the driving member and is
rotating at a constant velocity. As the result of the gears mis-
match, a varying, angular velocity ratio of the gear pair—and
an angular displacement of the gear member from the theo-
retically exact position based on the ratio of the number of
teeth—occur. This angular displacement of the gear can be
expressed as:

A, S 37

A¢z(k) =¢,—¢—N, (¢1 - ¢1r))/N2 + A4¢,, (38)
where:
e ¢, and ¢, are the initial angular positions of the

pinion and the gear.
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e ¢, is the instantaneous angular position of the gear for
a particular angular position of the pinion ¢,.

e N, and N, are the numbers of pinion and gear teeth,

respectively.

e Ag, is the angular displacement of the gear due

to edge contact misalignment of the mating members
when a “negative” separation occurs on a tooth pair
different from the tooth pair for which the angular
position is calculated.

The angular displacement of the gear, A$,"”, caused by
the variation of the compliance of contacting pinion and gear
teeth rolling through mesh, is obtained as one of the results of
the load distribution calculation. Therefore, the total angular
position error of the gear is defined by the equation:

Ag, = AL + AgYY (39)
Computed Results

The computer program, based on the theoretical back-
ground presented, has been applied for the investigation of
the combined influence of machine tool settings; head cut-
ter’s profile and diameter for pinion finishing; misalignments
of the mating members on load distribution; maximum tooth
contact pressure (p,_); and angular displacement of the driv-
en gear member from the theoretically exact position based
on the ratio of the number of teeth (A¢, ). The calculation
was carried out for the hypoid gear pair of design data given
in Table 1.

The influence of machine settings; sliding base setting (c);
basic machine center (f); basic offset setting (g); swivel angle
(8) (Fig. 2) on maximal tooth contact pressure (p, ); load dis-
tribution factor (B,); and transmission error (A¢,) is shown
in Figs. 9-12. Factors K, e Ky and k, ;2 fepresent the ratios
of maximum tooth contact pressures, load distribution factors
and transmission errors obtained by applying arbitrarily cho-
sen values of machine tool setting parameters for pinion tooth
generation and obtained by applying the basic values of these

continued

Pinion Gear
Number of teeth 11 41
Module, mm 4.41402
Running offset, mm 254
Qutside diameter, mm 77.585 181.859
Face width, mm 31.911 27.762
Crown to crossing point, mm 86.998 30.671
Front crown to crossing point, mm 57.684
Mean radius, mm 27.495 77.274
Mean spiral angle, deg 50.2597 | 32.3007
Pitch angle, deg 18.5400 | 70.5799
Face angle of blank, deg 23.2733 | 71.5859
Root angle, deg 17.5722 | 65.6684
Pitch apex beyond crossing point, mm -0.023
Face apex beyond crossingpoint, mm | 3.193 -0.398
Root apex beyond crossing point, mm | 5.735 0.767
Mean addendum, mm 1.083
Mean dedendum, mm 6.295
Mean working depth, mm 6.372
Minimal normal topland width, mm 1.930
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Figure 9—Influence of sliding-base-setting variation on load
distribution and transmission error.
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Figure 10—Influence of basic machine-center variation on
load distribution and transmission error.
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Figure 11—Influence of basic offset-setting variation on load
distribution and transmission error.
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parameters calculated by the Gleason or Litvin, et al., method
(Refs. 41-42).

On the basis of obtained results, optimization of the ma-
chine tool setting was performed. By applying the optimized
machine tool setting, the maximum tooth contact pressure
was reduced by 5.8% and the angular position error of the
driven gear by 65.4% when the pinion is finished by the ma-
chine tool setting determined by the commonly used methods.

The investigations have shown that a much better tooth
contact pattern and less transmission error are obtained by fin-
ishing the pinion teeth with a cutter profile consisting of two
circular arcs with radii of F oot = 300 mm, Fovos = —1,150 mm
(it means that the tool profile segment of radius r . is con-
vex), and when the cutter radius is corrected with Ar,, =—0.18
mm. By applying these optimal values of cutter parameters,
the maximum tooth contact pressure is reduced by 16% and
the angular position error of the driven gear by 179%.

The influence of the angular misalignment of the pinion’s
shaft ¢ and the cutter’s parameters on maximum tooth contact
pressure was investigated. The computer simulation of loaded
tooth contact analysis has shown that the influence of angular
pinion shaft misalignment on the optimal value of profile ra-
dius Fovort is negligible, but its effect on optimal profile radius
Foro2 is considerable (Fig. 13). It can be noted that the optimal
values of profile radius oo 2 A€ moved towards its higher
values by the increase of angle ¢, (Fig. 13). The character of
curves in Figure 14 indicates that angular shaft misalignment
has little effect on optimal cutter radius correction.

Conclusions

A method is presented for the optimization of machine
tool setting parameters and cutter for pinion finishing of
face milled and face hobbed hypoid gear pairs. The aim of
this optimization is to improve load distribution by reducing
maximum tooth contact pressure and transmission error. On
the basis of the obtained results the following conclusions are
made:

* By applying the optimized machine tool setting, the
maximum tooth contact pressure is reduced by 5.8%,
the load distribution factor by 5.9%, and the angular
position error of the driven gear by 65.4% when the
pinion is finished by the machine tool setting
determined by the commonly used methods.

* By applying the optimal cutter profile and diameter
for pinion finishing, the maximum tooth contact
pressure is reduced by 16% and the angular position
error of the driven gear by 179%, when the hypoid
gear pair is manufactured by cutter parameters
determined by the commonly used methods. Also,
by applying the optimal cutter parameters, the influ
ence of shaft misalignments on maximum tooth
contact pressure is reduced £
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CLARIFICATION

A technical paper by Alexander
Kapelevich—Measurement of Directly
Designed Gears with Symmetric and
Asymmetric Teeth—in the Jan/Feb is-
sue requires clarification. Revisions of
Figures 7 and 8, as well as Equations
21-24 are as follows:

Revised Figures 7-8:

Span Measurement

Span measurement is the measure-
ment of the distance across several teeth,
along a line tangent to the base cylinder
(Ref. 4). This kind of inspection is used
for gears with external teeth. It is also
applied only for gears with symmetric
teeth, because it is impossible to have
a common tangent line to two concen-
tric base cylinders of asymmetric tooth
flanks.
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Figure 7 (Revised)—Span measurement;
a-for spur gear; b-for helical gear

Figure 8 (Revised)—CMM measurement
of asymmetric gear.

Revised Equations:

For external helical gears with odd
number of teeth, it is more practical to
inspect the radial measurement over
one pin from the gear center line. In this
case the gear with the arbor should be
placed between two centers or on two
V-blocks. The radial measurement over
one pin is defined as:

d +D

M= _"r_" 1)
2

Span measurement over n , teeth (Fig.
7) is:

W=(S, +(n —1)xp,)xcosf, (22)

Where: S, is the tooth thickness at the
base diameter

S, =Sxcosa+d xcosf, (23)
p, is the circular pitch at the base
diameter
P AL (24)
n
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Product &
Application
Specialist
- Gear Milling
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Schaumburg, IL office
Reporting to the

Product & Industry Manager,
Rotating Products.

Key Responsibilities
The essential functions of
the job include, but are not

limited to the following:

e Drives and takes actions to
support all phases of the New
Product Process surrounding the
gear milling product assortment

e Works in a specialized team to
develop a competitive offer and
sales in gear milling products

e Works within the Product &
Application department to
develop and share knowledge to
support field product manage-
ment and support needs

e Develop Sales - Executes sales
results using a variety of projects,
testing initiatives and training
support

Employee Qualifications

e BA/BS degree in Manufacturing
Engineering, Business, Marketing,
or equivalent experience

e Four to eight years working in a
manufacturing environment or
equivalent experience

e Must be able to travel a minimum of
25% of his or her working time,
including both domestic and interna-

tional travel

e Experience with customer interaction,
preferably in a direct sales position or
through experience with a manufac-
turer within the cutting tool industry

For further information
please contact:
Robert P. Vassallo,

Vice President, Human Resources

Sandvik Coromant U.S. at:
robert.p.vassallo@sandvik.com
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Cincinnati is conveniently located near many potential customers.
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Visit www.gearexpo.com or call B00-687-7469 to reserve your space.
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Hannover Fairgrounds,
Hannover Germany. The world’s leading frade
show for industrial fechnology returns in 2011
with 13 leading trade fairs including Industrial
Automation; Motion, Drive & Automation; Energy;
Power Plant Technology: Wind; MobiliTec; Digital
Factory; ComVac; Industrial Supply; CoilTechnica;
Surface Technology; MicroNanoTec and Research
& Technology. Under the banner “Smart Efficiency,”
exhibiting companies will be presenting solutions
aimed at cutting costs, optimizing process efficiency
and conserving resources at every stage of the pro-
duction chain. Special events include Metropolitan
Solutions, the Job and Career Market, TectoYou,
WoMenPower and the Hermes Award 2011. France
is the official partner country for this year’s exhibition.
For more information, visit www.hannovermesse.de.

Anaheim
Convention Center, Anaheim, California. AeroDef
Manufacturing is designed to meet the manu-
facturing challenges in the entire aerospace and
defense manufacturing segment. Organized by the
Society of Manufacturing Engineers (SME), AeroDef
Manufacturing offers a comprehensive exposition
and technical conference that includes demon-
strations of innovative, enabling fechnologies and
advanced, integrated systems for manufacturing
in the military and commercial aerospace, defense
and space industries. Educational sessions will have a
heavy emphasis on what the industry needs to know
to move forward in advancing U.S. aerospace and
defense manufacturing. For more information, visit
www.qgerodefevent.com.

Bombay Exhibition Centre, Mumbai, India. GMC 2011
is a showcase of gears, motors, controls and allied
products that builds on the success of the earlier
editions held in Chennai & Mumbai. It will be held in
conjunction with the Pumps, Valves & Compressors
Expo 2011. The three-day event will be promoted
extensively across India and the region, and visitors
will comprise key decision makers from nearly every
industry segment. With customer satisfaction at the
heart of the trade show’s strategy, GMC 2011 hopes
to build on previous efforts and deliver maximum
rewards to the participants. Bonfiglioli and Elecon are

www.gearfechnology.com

industry partners for the 2011 event. For more infor-
mation, visit www.gmconline.in.

Harrah’s Las Vegas. Gear engi-
neers, gear designers, application engineers and
people who are responsible for interpreting gear
designs are recommended to attend this three-day
course. The majority of the course material is present-
ed through qualitative descriptions, practical exam-
ples, illustrations and demonstrations, which require
basic mathematical and engineering skills. However,
some familiarity with gear design and application
will enhance overall understanding of the material.
AGMA members: $1,395 first registrant, $1,195 addi-
fional member registrant from same company. Non-
members: $1,895 first registrant, $1,695 additional
registrant from same company. For more information,
contact Jan Alfieri at alfieri@agma.org.

Richard J. Daley College, Chicago. This AGMA train-
ing course covers gearing and nomenclature, prin-
ciples of inspection, gear manufacturing methods,
hobbing and shaping. The course is intended for
those with at least six months of experience in setup
or machine operation. Classroom sessions are paired
with hands-on experience setting up machines for
high efficiency and inspecting gears. For more infor-
mation, contact Jan Alfieri at alfieri@agma.org.

Marriot Marquis, San
Francisco. PowderMet offers exhibitors an oppor-
funity to meet with customers during the course
of the three-day conference, both in the hall and
during conference meals and special events.
Highlights include an extensive technical program,
social events and the 6th annual golf tfournament.
This conference attracts worldwide delegates in
the powder metallurgy, powder injection molding
and partficulate materials industries. This year the
International Tungsten & Refractory Metals confer-
ence will be hosted by MPIF and co-located at the
Marriot Marquis at the same time. For more informa-
tion, contact Jessica Schade Tamasi at jfamasi@
mpif.org or call (609) 452-7700 Ext 103.
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American Broach
PLANS NEW R&D CENTER

American Broach and Machine Company will estab-
lish a new research and development center in the Ann
Arbor region. The company recently received a Michigan
Economic Growth Authority (MEGA) tax credit total-
ing $572,782 to help encourage the expansion. “American
Broach is focused on quality processes and investing in
manufacturing capability in order to make the world’s high-
est quality internal spline broach cutting tools for gears
and spline parts,” said Ken Nemec, president, American
Broach. “American Broach would like to design, develop,
and build newly innovated broaching machines to add value
to manufacturing while growing jobs in Michigan. The
company’s new research and development center would
give American Broach an edge in a tough industry, and help
rebuild Michigan’s manufacturing base.”

American Broach, a designer and builder of machine
tools for the auto and defense sectors, plans to invest $25
million in a new research and development center
in Ypsilanti. The company expects the project to create
up to 43 new jobs. The MEGA award helped convince
the company to invest in Michigan over competing sites
in Canada and China. “The Ann Arbor region is a destina-
tion for advanced manufacturing,” said Skip Simms, interim
president and CEO. “Access to talent as well as existing
facilities and equipment help advanced manufacturing busi-
nesses hit the ground running and grow quickly in the Ann
Arbor region.” The City of Ypsilanti is considering tax
abatements in support of the project.
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Gleason

EXPANDS ADVANCED
COATINGS FACILITY

Gleason Corporation has recently announced a new invest-
ment to expand the Advanced Coatings Facility at its Gleason
Cutting Tools Corporation (GCTC) facility located in Loves
Park, Illinois. The expansion includes an enlargement of
the coating department that will accommodate an additional
Balzers Coating System and an additional automated com-
puter controlled cleaning line. The additional coating unit and
clean line complements the substantial coatings capability that
already exists at Gleason. “The additional capacity this invest-
ment will bring will help further reduce our lead times to meet
the increasing demand for GCTC’s Contract Sharpening and
Recoating Service business, as well as coating requirements
on our new cutting tool products,” says Roger Hackman, vice
president of technology and quality. Gleason Cutting Tools
Corporation can provide Titanium Nitride (TiNite), Titanium
Carbonitride (CarboNite), Titanium Aluminum Nitride
(AINite) and Aluminum Chromium Nitride (AlCroNite) coat-
ings, applied to high speed steel and carbide substrate cutting
tool materials.

Solar

OFFERS WHITE PAPER
ON PID PARAMETERS

Solar Atmospheres, Inc. has written a technical white
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paper on understanding and proper usage of PID parameters
as they relate to controlling vacuum furnace temperature. This
tutorial will assist furnace engineers and operators to better
understand and properly use the functions of a PID Controller
and thereby obtain improved temperature control, particularly
in program ramping and minimizing temperature overshoot,
required for AMS 2750D. This paper describes how to both
manually and automatically set PID values for various temper-
atures of operation. It highlights how to establish better results
especially in the lower temperature ranges of operation (300—
1500 degrees F) and also how to better understand instruments
that have the auto-tuning feature. The paper can be viewed at
http://www.solaratm.com/technical-paper-downloads.

PMA

ELECTS NEW LEADERS

Induction Hardening provides
less distortion than carburizing
« Experts in Induction Hardening Gears:

- Large Diameters
- Internal & External

« In-house Engineering & Tooling

= IS0 9001:2008 certified and CQI-9

compliant
« 30-year Member of Metal Treating
Institute (MTI), AGMA and ASM

www.magnuminduction.com
sales@magnuminduction.com

The Precision Metal-
forming Association (PMA)
recently announced the elec-
tion of Augusto Gil (pic-
tured right) to the position of
Metal Spinning Division vice
chair and Benjamin Barnett
to Next Generation Leaders
Division vice chair. Gil, gen-
eral manager for Hialeah Metal
Spinning, Hialeah, Florida, has
been active within the Metal
Spinning Division for nearly
a decade and previously served as a member of the group’s
program committee. In his new role as vice chair, he will
work to increase division par-
ticipation and membership by
preparing valuable content for
presentations and group discus-
sions. Gil will serve alongside
Metal Spinning Division chair/
director John McGeever, presi-
dent of Charles Schillinger Co.
McGeever acted as vice chair
in 2009 before being elected
chair in 2010-2011. Gil will

John McGeever continued

Augusto Gil
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OSBORNE TECHNOLOGIES

RAWHIDE & PHENOLIC GEARS

—,

WHY USE WATER BUFFALD RAWHIDE GEARS?

‘With minimal lubrication reguired, RAWHIDE GEARS mesh smoothly with the mat-
Ing geer, sliminating destructive vibrations and wesr & tear inherent to metal gear
Lridns.

RAWHIDE GEARS are désigned ta be the weak link. If an overload occurs, the goors
ane deskgned ©o fall before mone Costly damage oocurs to the Larger driven gears.
Cur RAWHIDE GEARS are specially riveted under hydraulic pressune with curable
Irass Manges. Tooth strength |s extremely strong due Lo the unigue processing of the
multiple layers of rawhide which retaln virtually all of the original fiber strength.

RAWHIDE BLANKS: Also avallable’

PHEMOLIC: Made from fabric laminations impregrated with phenclics under high
temperture and pressure, gears exhibit superior shear force v, torque distribution
propoties,

POLYMER{PLASTIC): We anginoer gears from dalrin, nylen and othior composite
materinis for applcations requining a light-weight quiet gear, All goars are made o
order based upon customer specifications

For pricing and additional information please contact us.

CORPORATION
PHONE 630-595-7333

GEAR CUTTING TECHNOLOGvaAx 630-595-7343

ww.hanikcorp.com
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serve one year as vice chair
and then will become chair/
director in 2012-2013. Barnett,
vice president of Principal
Manufacturing Corp., looks
to increase participation of
younger people within PMA’s
Next Generation Leaders
Division through his respon-
sibilities as vice chair of the
group. He has been participat-
ing in division activities for the
past several years and serves
as the membership chair for
the local PMA Chicago District. Barnett joins chair/director
Rick Bachman, vice president
of logistics for Feintool North
America, with leadership posi-
tions in the division. Bachman
served as vice chair in 2009-
2010 before being named
chair/director for 2011-2012.
Barnett will act as vice chair
of the division in 2011-2012
before becoming chair/director
in 2013-2014.

Benjamin Barnett

Rick Buchma

Manufacturing
Technology
Consumption

UP 85 PERCENT IN 2010

December U.S. manufacturing technology consump-
tion totaled $446.76 million, according to The Association
for Manufacturing Technology (AMT) and the American
Machine Tool Distributors’ Association (AMTDA) This total,
as reported by companies participating in the United States
Manufacturing Technology Consumption (USMTC) program,
was up 40.9 percent from November and up 104.8 percent
when compared with the total of $218.16 million reported for
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December 2009. With a year-to-date total of $3,236.00 mil-
lion, 2010 is up 85.3 percent compared with 2009.

These numbers and all data in this report are based on the
totals of actual data reported by companies participating in the
USMTC program.

“For the first time in USMTC history, we experienced four
months of consecutive growth following IMTS, ending the
year on a solid upswing,” said Douglas K. Woods, president
of AMT. “2010 orders closed strong, up 85 percent over 2009,
and December’s orders were 40.9 percent higher than the
previous month. With backlogs firming and quotation levels
accelerating, we are very optimistic that the industry will see
strong results in 2011.”

The USMTC report, jointly compiled by the two trade
associations representing the production and distribution of
manufacturing technology, provides regional and national
U.S. consumption data of domestic and imported machine
tools and related equipment. Analysis of manufacturing tech-
nology consumption provides a reliable leading economic
indicator as manufacturing industries invest in capital met-
alworking equipment to increase capacity and improve pro-
ductivity. For more information on this report, visit www.
amtonline.org.

Madeira

APPOINTED VICE PRESIDENT
OF HEAT TREATING

Inductoheat, Inc., located
in Madison Heights, Michigan,
has appointed Robert Madeira
as the vice president of heat
treating. Madeira has worked in
the induction heat treat indus-
try for more than 26 years,
most recently as the director
of sales for Fluxtrol, Inc. He
has a B.S. from Michigan State
and a M.A. from University of
Detroit. As the vice president
of heat treating, Madeira is
responsible for successfully managing customer’s needs, lead-

continued

Robert Madeira
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ership of Inductoheat’s business strategies and spearheading
the North American sales efforts. This position reports directly
to the president. “With his extensive background in the heat
treating industry, we are excited to see what new business
opportunities Rob will bring to Inductoheat,” said Douglas
Brown president/COO of Inductoheat Inc.

Gary Doyon, president/CEO of the Inductotherm Group
adds, “We are thrilled to have Rob join us in our continued
effort to add great teammates with experience and enthusiasm.
We will have Rob help push our efforts to grow both domesti-
cally as well as internationally for our fa

Interactive
Manufacturing
Experience

CHARTS NEW COURSE FOR
U.S. MANUFACTURING

From some of the United States’ largest industrial tech-
nology innovators to the heads of small machine shops and
providers of workholding, drilling and grinding tools, manu-
facturers from across the country will gather this fall at an
unprecedented industry summit to chart a new course for
the domestic manufacturing industry. Kennametal Inc., a
global market leader in delivering productivity in demanding
environments through innovative custom and standard wear-
resistant solutions, has become the newest experience partner
to sign on for the event. Taking place Sept. 12-14, 2011, in
Las Vegas, the Interactive Manufacturing Experience (imX)
will bring together industry leaders from companies large and
small to recognize that only through education and collabora-
tion can the nation’s manufacturers thrive in today’s global
marketplace. “Although we’re still seven months out from
the event, early response from manufacturers coast to coast is
an indicator of imX’s vital importance to this industry,” said
Steve Prahalis, experience manager, imX.

Dozens of exhibit partners already have committed to
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joining the conversation and to demonstrating their own
manufacturing innovations at imX, among them: Big
Kaiser, Blum LMT, Briney Tooling Systems, Carl Zeiss
IMT, Caron Engineering, Castrol Industrial, CGTech,
Chiron America Inc, Cimcool Industrial Products, Data
Zen Engineering, Delcam, Esprit/DP Technology, Exsys
Tool, GTR mbH, Heimatec GmbH, Hermle Machine Co.,
Hurco Companies, Index Corp, Jauch Schmider GmbH,
Iscar Metals Inc, Koma Precision, Kuka Robotics, Losma,
Marubeni Citizen-Cincom, MasterCAM, MD Tooling,
Midaco Corp, Mitsui Seiki, Pat Mooney Inc, REGO-FIX,
RobbJack Corp/Crystallume, Royal Products, Schunk,
Seco Tools, SNK America, StarragHeckert, Stratasys,
Unisig, United Grinding Tech, Von Ruden Mfg, WTO Inc
and Zoller. For more information, visit http://imxevent.com.

Manufacturing
Summer Camps

ENTICE AMERICA’S YOUTH

Nuts, Bolts and Thingamajigs (NBT) and the National
Association for Community College Entrepreneurship
(NACCE) have partnered together to launch a unique summer
camp program that combines elements of manufacturing and
entrepreneurship with how things are made and how busi-
nesses develop. The schools have hosted a 2010 camp as part
of a pilot program that will eventually develop into a national
program with as many as 300 locations across the United
States. Campers design and build a product experiencing the
start to finish satisfaction of creating something they can show
off with pride. Throughout the process, they learn how to
do CAD design and operate various kinds of manufacturing
machinery under the close supervision of expert manufactur-

continued
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New to shot peening?
GET HELP FROM THE SHOT PEENING EXPERTS

Training
On-site training and proficiency exams

The Electronics Inc. shot
peening training program
is two days of classroom
instruction and shop
practice. Our professional
instructors will review your
organization’s ability to
meet your particular
procedure or specification
with special emphasis on equipment capability. Certificates
of Proficiency are awarded to those demonstrating shop
practice competence and passing a written exam.

Ideal for machine operators, engineers, designers and
supervisors, our shot peening training programs can be
customized to meet your facility's applications, machinery,
and experience level of participants.

About Electronics Inc.
= Training providers since 1991

# Over 2,700 students trained worldwide
* Qualified, professional instructors
» FAA accredited

Learn more at www.electronics-inc.com/on_site_training.html
or call 1-800-832-5653 and ask for the Education Division.

Information
Free quarterly magazine

Since 1986, The Shot Peener magazine 5 -
has been dedicated to sharing informa- -
tion and expanding markets for the (Tl
shot peening industry. Magazine y
topics include: N
» Case studies and applications Fin s y

« 49F frtic o~
* New products and processes ‘"----_':f_ﬁl? &

* |ndustry news ’
* Scientific research \
Download past issues and request your free

subscription at www.shotpeener.com/tspmagazinefindex.php

Electronics Inc.

Education Division

56790 Magnetic Drive, Mishawaka, Indiana 46545
(574) 256-5001 or 1-800-832-5653 * www.electronics-inc.com

NEWS

ing trainers. They will also tour local manufacturing facilities
learning what kinds of jobs exist, what skills and training are
required and how those businesses developed. They will have
the opportunity to hear directly from local manufacturing
company owners how they started their businesses, applying
basic entrepreneurship principles to understand how a single
product idea becomes a business. Whether a young person
aspires to work in manufacturing or medicine or law or any
other field, having a basic understanding of how things are
made and how businesses develop will make them more
appreciative of the world around them and the “tools” they
will use in their adult life. Each camp is unique in its own way
and addresses local needs. All are aimed at ensuring the future
of manufacturing by changing the image of manufacturing
for today’s youth. For more information on these camps or to
make a contribution in honor of one of the camps, call 888-
394-4362 or visit www.nutsandboltsfoundation.org.

Nevada
Heat Treating

Purchases BeaverMatic Furnace

.
e
T

: L s

"\

Nevada Heat Treating, Inc., a progressive commercial
heat treating company, has purchased a BeaverMatic Internal
Quench Furnace (IQF) and a BeaverMatic Temper Furnace
for enhanced acceleration of product development cycles in
growth industries.

Based on consistently high performance results of existing
BeaverMatic equipment installed in Nevada’s plant opera-
tions, vice president, Patrick McKenna, purchased a new
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BeaverMatic IQF Furnace with a work area of 30 inches
wide by 48 inches long by 26 inches high for hardening 1,500
pounds of small-to-medium size parts.

A trade secret of BeaverMatic is its “RAM” transfer sys-
tem, a pull-push design, for reliably controlling a load from
different zones. Unique to this furnace design is a third RAM
which pushes loads from the hot zone to the quench elevator.
This third RAM is located between the two existing RAMS.

As an environmentally-conscious heat treater, McKenna
chooses eco-friendly products and methods to minimize their
environmental impact. Therefore, when purchasing this inter-
nal quench furnace which utilizes 1,300 gallons of oil for
heating and cooling, it was critical to incorporate a quench oil
centrifugal filtration system.

For precision control of temperature and furnace operations,
Super Systems Inc. of Cincinnati, Ohio is being used for soft-
ware and process control. The 9205 controller will provide all
the necessary temperature and atmosphere control. The 9205 is
specially designed for complex atmosphere furnace applications
using sophisticated recipe programming, Ethernet communica-
tions, built in data logging and expandable I/O to meet the most
complex requirements. Complementing the process control is
the SuperDATA SCADA system which will provide Nevada
Heat Treat with quick access to real-time and historical data
throughout the plant.

Ipsen

OPENS SECOND OFFICE
IN JAPAN

Ipsen has expanded its existing coverage in Japan by open-
ing a new sales office in Tokyo, Japan. The new office will
focus on sales and service in the Kanto region. This expan-
sion will assist Ipsen in continuing to provide superior cus-
tomer service and support backed by Ipsen’s knowledge and
expertise. At the same time, Ipsen is pleased to announce the
newest member of its sales team heading up the Tokyo office,
Stephan Gagne. With more than 12 years experience in the
Japanese market, Gagne has extensive knowledge of produc-
tion, aerospace, tooling and the automotive industries. Gagne
will focus his attention and support on the growing demand
for new equipment with an emphasis on aftermarket sales and
service. Ipsen, Inc. designs and manufactures thermal process-
ing systems for a wide variety of markets including aerospace,
medical, energy, chemical and automotive.

A uniquely global publication
focusing on on peening, blasting,
cleaning and vibratory finishing!

Also offering training courses!

Ask for free sample issue!

MFN (Metal Finishing News) is distributed in
67 countries and published 6 times a year.

www.mfn.li
MFN offers training courses for:

shot peening, flap peening and mass finishing

e
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CLASSIFIED SECTION

Senior

A Powerful Source for Great Careers Sharpening Service

Gearing Engineer

Bucyrus America, Inc. is a world
leader in the design and manufacture
of high productivity mining equip-
ment for surface & underground min-
ing. Located just 20 miles south of
Pittsburgh, PA, Bucyrus is seeking a
Senior Gearing Engineer with the fol-
lowing skills:

® Ability to develop high power
density gearing and gearboxes

® Direct design personnel
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Tor hobs, milling cutiers; shaper cutlers,
shaving cutters and broaches

Service localions in:
* Hoffman Estates, IL
Tel: B47.649.1450 Fax: 847.649,0112

]

. Jef2as2 17 anas
¢ Fax: 52 442 217 2qabg
i [ FA
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related components
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Apply 1oday at wrw,solarturbines.jobs

resolve process or quality issues st Solar Turbines
. . . [ scresn and backgroond
@ Assist in developing gearbox cackipaisd A Catorpillar Comprny

assembly and testing standards

Bucyrus is also looking for high
quality mechanical engineers and
mechanical designers.

Product & Application
Specialist - Gear Milling
based from our
Schaumburg, IL office
Reporting to
the Product & Industry

* SHAPER CUTTER SHARPENING
* BROACH SHARPENING

* HOB SHARPENING

« SHAVING CUTTER GRINDING

« THIN FILM GOATING

We are proud to be an EEO employ-
er M/F/D/V. We maintain a drug-free
workplace and perform pre-employ-
ment substance abuse testing.

We offer an excellent salary and ben-

efits package including medical, den- . . ;

tal, vision, life/disability, and a 401(k) Manager, Rotating Products. GUSTOM HEALIREAT SERVICE

and pension plan. *CBN & DIAMOND WHEEL
BUCYRUS on page 73 or visit

PICK UP & DELIVERY IN MANY AREAS
Gleason Cutting Tools

CORPORATION

1351 Windsor Road, Loves Park, IL 61111 LISA
815-877-8000 = Fax: 815-877-0264
E-mail: gete@gleason.com

www.gleason.com

B miim — -

http://apply.geartechnology.com
for details

AN

Send your resume to:

Bucyrus America Inc. Attn: HR
2045 W. Pike St., Houston, PA 15342
or apply at www.bucyrus.com

FSM!W

Now
Online at
powertransmission.com
See your
favorite gears,
bearings, motors,

clutches, couplings
and more in action
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GEAR MANUFACTURING

Excel Gears. z==*

1~

®
And Much More! oS s oo
Precision gears, high-speed spindles, CNC gimbal GEAR
heads, wind turbines, even gearbox assemblies for
battleship gun turrets. That’s the breadth of design, PROCESSING
build and testing capabilities Excel brings to your JOB

company for high speed and high power, with Gearbox Repair Spur gear, helical

smooth and quiet operation. Gear grinding to i i I qear, grnding

AGMA 15 (DIN 2) at 60” external diameters, gear v Gear Metro ogy QBAT, WO gaar

hobbing to 70” maximum pitch diameter. All with | Gear Gl'il'ld'il"lg to 2600 mm & :‘:h;aﬁ_ sprial | l |
our personalized service and guaranteed 3 . Industrial Gears beved gear, s
performance. | straight gear, any ¥ %

Custom Gearboxes tailored gear.. otc.

Turbo Compressor Gears Visit our website

1- Machining e X jﬁ %
: O A8 ¥

Emergency Service
IS0 9001 Certified

Taiwan Precigion Gear Corp.
Mo. 136-2, Alley 5. Lane 123, Shou Pi Rd.,

Excel seeks wind turbine gearbox
builders looking to source in USA

oly | EXCEL GEAR,INC. excelgear.com
"~/ ATOTAL SERVICE COMPANY @

Seattle, Washington Fax- BB6-4-25351467

ms13.hinet.net

CONIFLEX
CUTTER
aDC| T MDELIAN BODIES

RESCARCH CEAR / r W/BLADES

World-Class Precision Prototype )'
and Short-Run Production Gears ' ‘

Formerly TIFCO Gage & Gear TN for
www.deltaresearch.com www.delta-gear.com 1509001 & AS9100
1-734-261-6400 1-734-525-8000 Registered Gleason Model
104 & 114
See at

GE

Fanuc

QUALITY CUSTOM GEARING!

Documented
Quality Control Program

Inspection Lab
including Complete
Gear Tooth Diagnostics

Spindienve
UNUSED

All Sizes & Configurations

* Reverse Engineering

* Design Analysis

* Complete Machine Shop Including CNC Machining

Circle Gear and Machine
Since 1951

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

www.gearmachineryexchange.com
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The Gear ﬂiqa and Other
Creative Anomalies

Interactive Jewelry Designed
From Micro-Precision Parts

Glen Liberman’s interest in micro-
precision parts led him to design and sell
products that fuse a modern aesthetic with
physical interaction. Liberman launched
his company Kinekt Design in the New
York area in 2010. The design firm cre-
ates everything from toys to T-shirts as
well as jewelry and paper crafts. It just so
happens that his most popular product to
date has a certain familiar theme—gears.

“I had been purchasing some Diesel
jewelry and really liked the spring-loaded
push-button clasps they use on some of
their necklace designs. I also like the con-
cept of moveable products that offer some
play value in their aesthetic and/or form.”

With these concepts in mind,
Liberman came up with the Gear Ring, a
piece of jewelry fabricated in 316L stain-
less steel that features gears that turn in
unison when the outer rims are spun.

“The idea for the Gear Ring stems
from a few different influences and inspi-
rations. I noticed people tend to fidget
and play with their jewelry or clothing
items in an attempt to alleviate anxiety,”
Liberman says. “Secondly, I had been
looking into micro-precision parts and
saw the need for a product that could
implement these types of small compo-
nents. It came together quite nicely.”

The Gear Ring has been Kinekt
Design’s biggest seller thanks to inter-
est from a wide range of individuals.
“We’ve had many different demograph-
ics of people that it’s been a bit difficult
to pinpoint a particular group. However,
those who are interested in transporta-
tion and vehicle design have seemed to
take a particular liking to the product,”
Liberman says.

An overwhelming positive response
from those involved in automotive, engi-
neering and even steampunk has prompt-
ed the design firm to create more gear-
themed products in the future—maybe.

“It’s possible that Kinekt Design

88 GEAR
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Created by conceptual designer Glen Liberman, the Gear Ring is ideal for those

that like to fidget and play with their own jewelry (courtesy of Kinekt Design).

is currently working on another gear-
inspired jewelry piece that will be inter-
active, but most of it is top secret. We
urge those interested to check back in on
the website now and again for new prod-
uct updates,” Liberman adds.

Until that time, Kinekt Design has
more than enough creativity and design
appeal on its website to intrigue visitors
including original MP3 tracks composed
by Liberman and Ben Mullins.

One of its original electronic MP3
tracks entitled, Builder, was licensed by
Toyota for a national campaign. This
catchy, minimal yet melodic composition
highlights the fun and playful style found
throughout Kinekt Design’s products.
Other original tracks include Beeptweek,
Ghosts/Drifting and MosquitoMaps. For
fans of minimalism and 8-bit graphics,
Liberman has collaborated with anima-
tor/V] Motomichi Nakamura, to offer
Twitter icons, I-phone wallpaper and
desktop wallpaper (pictured above right)..

www.gearfechnology.com

With innovative gear jewelry, elec-
tronic dance tracks and do-it-yourself
paper computer models (check this inter-
esting item out online at www.kinektde-
sign.com) it’s obvious those involved
with Kinekt Design don’t like to get
pigeon-holed into a particular area of
interest. Liberman considers himself
a self-taught conceptual designer who
enjoys creating things in various media
including electronics, mechanics, graphic
design, paper craft and sound design with
more to come in the future.

It’s unusual and clever concepts like
the Gear Ring that inspires the entire
design firm.

“Originally, we came up with the
idea for the Gear Ring back in March of
2009, but it took more than a year to bring
it to the market due to the mechanical
complexities. With our interests in both
machining and micro-precision parts, it
just made sense on many levels.”




CUSTOM

BEVEL GEAR MANUFACTURING

IN-HOUSE STEEL MATERIAL WAREHOUSE
STRAIGHT BEVEL GEARS: 80" PD

REVERSE ENGINEERING SPIRAL BEVEL GEARS: 66" PD
FULL HEAT TREATING SERVICES
BREAKDOWN SERVICES SPURS, HELICALS, SPLINE SHAFTS

GEARBOX REPAIR/REBUILDS
EDM WIRE BURNING

E Toll Free: (800) 238-0651

inquiry@brgear.com + www.brgear.com
Machine and Gear Corporation




Worms are also Gears:
The HOFLER Advantage

HOFLER’s innovations are not only full of firsts in machine design
and productivity features to grind spur and helical gears, but also
first in numerous software options which now allow our RAPID Gear
Grinders to also grind and inspect worms!

Expand your capabilities with our RAPID Gear Grinders — more
features, more flexibility, and more opportunities for profitable gear
production. Furthermore HOFLER customers do not only value the
leading technology for the whole gear manufacturing process but also
profit from HOFLER’s close cooperation and support for special
applications as well as the fast worldwide customer service.

HOFLER once again for the performance, accuracy, productivity

and flexibility that your company expects and deserves.

HOFLER gear grinders — from 10 to 8000 mm [0.4“ to 315
HOFLER gashers/hobbers — from 10 to 8000 mm [0.4“ to 315]

\ HOFLER

HOFLER Maschinenbau GmbH

Industriestrale 19 p. +49/7243599-0
D-76275 Ettlingen, Germany  f. +49 /7243 599 - 165
www.hofler.com e. info@hofler.com

HOFLER America Corp.
26 Sky Manor Road p. +1/908 442 4361
Pittstown, NJ 08867, USA f. +1/908 996 6977

e. usa.sales@hofler.com

HOFLER USA Agent: Great Lakes Gear Technologies
9421 Haggerty Road p. +1/734 416 9300
Plymouth, MI 48170, USA f. +1/734416 7088
www.greatlakesgeartech.com
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