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From Gleason Pfauter...

INTRODUCING

THE GP
/




300 ES GEAR SHAPER

Revolutionary Electronic
Guide System eliminates
costly mechanical changeover.

Smull—]nl helical gear production will
never be the same...not for users of the
Gleason Pfauter GP 300 ES Gear
Shaper. Imagine adding hundreds of
hours a year in valuable
chip-making time to your Vo
operation, simply by A
eliminating the time and effort
you now require for changing
mechanical or hydrostatic guides

E-Axis!

for every new workpiece lead.

The GP 300 ES does this, and
more. In addition to its normal
CNC axes, the GP 300 ES uses a cutter
head with a backlash-free direct drive for

controlling the cutter spindle rotation

E-Axis and software for
(E-axis) through a torque motor and controlling cutter spindle
rotation enable the GP 300 ES
. . . . to produce helical gears
within a wide range of stroking rates without a mechanical guide

software. Almost any helix angle

and face widths can be created
simply by changing the CNC
program.

[

End result?

You can handle new
workpiece leads -

and shorten leadtimes -
like never before.

Ooew "wwe

For more information, contact:

The Gleason Works

1000 University Ave., P.O. Box 22970
Rochester, NY 14692-2970 U.S.A.
Phone: 716/473-1000 Fax: 716/461-4348

Web site: www.gleason.com

E-Mail: sales@gleason.com
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STAR EXPRESS HOBS...

Your tool of choice for material, coating, features, size and delivery options.
Fast: 3-week delivery on express hobs for involute gear manufacturing.

Flexible: Built to your requirements for size, gash, tooth form and material.

Gashes: Number of gashes will be determined by the tooth form data, unless otherwise
specified. Tooth Forms: All forms, including topping, protuberance, modified pressure
angles and non-symmetrical tooth forms can be supplied under the Express program.
Material: PM-M4 is our standard steel for hobs. For those tougher applications, . =
optional materials are in stock. Coating: TiN, Ti (C/N) and (Ti,Al)N Gold Star S8 A5
Coatings are also available with only a slightly longer lead time. /,'

23461 Industrial Park Drive, Farmington Hills, Michigan 48335-2855 ; : a,, =
Phone 2484748200 Fax 2484749518 - N
www. starcutter. com -

SI(]M!\LP(')( L

Star. The Number One Choice for Products and Service.
Starcut Sales, Inc,. Subsidiary of Star Cutter Company. /

THE LATEST
INNOVATION

IN HOBBING.
SUPERIOR
QUALITY, SERVICE
AND DELIVERY.
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The Great Geardini
Makes Burrs Vanish Before Your Eyes!

Of course, there's not really a magical way to handle your
deburring needs, but we have the next best thing. OLS builds
turnkey systems with proven performance. We've become the
industry leader by offering the best overall value:

+ High-speed, high-quality systems

* Quality components from brand-
name manufacturers

» A variety of standard base models
which can be adapted easily to
your needs

« Engineered solutions for practically
any application

» Trained staff of experts waiting to
assist you

Call OLS today. We'll
make your deburring
troubles disappear!

OLS Model 1200

CIRCLE 119

BARI

INTERNATIONAL
CORPORATION

‘ Prompt, Personalized Service!

Hobs .8-50 DP
Shaper Cutters
Milling Cutters
Shaving Cutters
Broaches -

Hobs, 1DP and finer
Shaper Cutters

3384 COMMERCIAL AVE. * NORTHBROOK, IL 60062 USA
TEL: 847-272-8128 » FAX: 847-272-8210
Website: www.barit.com ¢ E-mail: people@barit.com
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NACHI  sern

NACHI MACHINING TECHNOLOGY CO.

Global Expertise
For All Applications

with continued leadership...

Combining over 140 years of process,

machine, and tool experience enables Nachi

Machining Technology Co. to maintain | Broach and Gear

. ) o | Finishing Products
industry leadership by providing customers

with the "best practices" manufacturing

solutions.

For the finest products, performance, service,

and global support....you can rely on _
NachMTC to meet your application need fobit ‘*"E{*"
today and tomorrow. ' o

NACHI MACHINING TECHNOLOGY CO.

17500 Twenty-Three Mile Road, Macomb, Michigan 48044-1103
Phone: (810)-263-0100 Fax: (810)-263-4571 www.nachimtc.com
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At Klingelnberg, the point of precision For more information about

is to help you control your gear manu- Klingelnberg measuring technology,
facturing process and improve gear contact:

quality with measuring systems that

are benchmarks for: Liebherr Gear Technology Co.

* accuracy 1465 Woodland Drive

« reliability Saline, MI 48176-1259

» maintainability Phone: +1-734-429-7225

* flexibility Fax: +1-734-429-2294

« performance www. pointofprecision.com

« and life cycle cost. Mail: info@pointofprecision.com
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Quieter Gears.
Engineered Metals.

There's only one way to ensure that
the gears you produce will always deliver
superior and quiet performance. Make sure
they're bred from quality stock.
Dura-Bar® continuous-cast gray and ductile
iron performs like free-machining steel with an
important added bonus - quieter operation.
Like steel, Dura-Bar can be austempered,
through-hardened, flame-hardened, or induction-
hardened for added wear resistance. But the
superior noise and vibration damping characteristics
of Dura-Bar make for quieter running
gears. And Dura-Bar is 10% lighter than steel.
Dura-Bar round bars are available in diameters
ranging from 5/8" to 20" and lengths of 6-20'. So you
won't need to make major changes in your machining equipment.
And our extensive inventory means Dura-Bar is available now - when you need it.
When it's quality material, quiet performance, and quick delivery that e,
count, look to continuous-cast Dura-Bar for your gear production needs. qm,

DURA_BAR® 1-800-BAR-MILL (227-6455) » 815-338-7800 * Fax: 815-338-1549
2100 West Lake Shore Drive, Woodstock, IL 60098-7497
Continuous Cast Iron Bar Stock Web Site: www.dura-bar.com * E-mail: sales@dura-bar.com

Contact us for the latest data on gear noise.
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2001: A [Cyber) Space Odyssey

In 1968, Stanley Kubrick released the film 200/: A Space
Odyssey, based on the story by Arthur C. Clarke. Back then,
2001 was a long way off. It was the future, a time of unknown
marvels, amazing discoveries and technological achievements.
Now we're in 2001. But while Clarke’s and Kubrick's visions of
2001 ook place in outer space, what captures my imagination
this year is cyberspace.

I'd like 10 share my enthusiasm for the power and potential
of the Internet. I've noticed that many gear company owners and
managers are apprehensive about the Internet’s effects on their
businesses. Will the Internet collapse their market? Is business-
to-business online purchasing the way to go, or is it going to put
them out of business? Like the famous monoliths in 200/, the
Internet can be a source of confusion, mystery and anxiety.

One reason the Internet causes confusion is that it's constant-
ly changing, being reinvented and improved, but that continual
rebirth is actually one of the Intenet’s strengths. Once you dis-
cover the Internet’s potential, the confusion and anxiety give way
10 an understanding and appreciation of its power and benefits.

I've been astonished over the years by the growth in traffic
on our two Websites. Back in 1996, when we launched The Gear
Industry Home Page™, the Website received 3,000 page
requests in its first month. Today, the two Websites together
receive nearly 200,000 page requests per month. Something
seems to be working, and many of you have told us that you're
finding these Websites to be among the fastest and easiest that
you've used and that you can quickly find what you want.

Also, as the Internet evolves, Websites are able to provide
richer, more complex and more useful information. In fact, on
page 41 of this issue, you can read about some companies that
developed technology to allow their customers to design gears
or receive training on the Internet with nothing more than a Web
browser. We're also starting to see more and more use of multi-
media, including audio and video.

Some of our advertisers will be using video this year as part
of the upcoming Show Central on The Gear Industry Home
Page™. As in 1999, we will transform the real Gear Expo into
an electronic expo. Show Central will be a meeting place where
you'll be able not only to read about the show, but also to see
and hear some products in action. If you plan to exhibit at Gear
Expo in Detroit, Show Central is a great opportunity to demon-
strate your products and services with video and sound to gear
industry buyers not able to attend the real expo. Look for Show
Central's launch in May.

But Show Central and videos are only part of the Internet
picture. One of the most valuable aspects of the Internet is its
interactivity, which has allowed Gear Technology to create two
successful Websites—focused places for buyers and sellers of

gear equipment and power transmission products to meet, gath-
er information and exchange ideas.

Visitors come every day to powertransmission.com™
searching for manufacturers of gears and other power transmis-
sion components, such as motors, bearings and speed reducers,
or 1o The Gear Industry Home Page™ to find the suppliers of
gear machine tools, gear cutting tools, inspection equipment,
workholding devices and gear
manufacturing services. With
a few clicks, they can narrow
their search based on product
type and specification and
easily send an e-mail mes-
sage to all the suppliers that
interest them. The
often receives responses from

visitor

those companies in minutes
or hours instead of days,

weeks or months,

We’ve built the Websites on a model that tries to connect the
buyers and sellers of gear-related products without getting in
their way. Many industrial Websites offer services such as auc-
tions and electronic commerce. While those other models may
work for some industries, the time is just not right for ours. The
products that most of you buy and sell are highly engineered,
and customers often have to visit their potential suppliers’ facil-
ities and research the products before placing an order. Today,
the Internet’s best use is as a facilitator, bringing together some-
one who has a need with potential suppliers.

The Internet’s power grows daily, its potential is nearly lim-
itless, and it will continue to evolve. As the Internet changes,
we’ll be able to conduct more and more of our business online.

Visit our Websites to see how you can use this medium to
contact suppliers and find potential suppliers of the products
and services you buy. See how other companies are using the
technology to communicate with their customers and potential
customers. See which of your competitors are already there,
reaching the customers who buy your products. Can you afford
not to be there?

However you fit into the gear industry, we've created a place
in cyberspace for you in 2001 as visitor, advertiser or both.

Michael Goldstein, Publisher and Editor-in-Chief
www.powartransmission.com « www.geartechnology.com « GEAR TECHNOLOGY » JANUARY/FEBRUARY 2001 9




COBO CENTER
DETROIT, MICHIGAN
OCTOBER 7 - 10, 2001

A

The World of Gearing

FOR MORE INFORMATION, CONTACT:
AMERICAN GEAR MANUFACTURERS ASSOCIATION
« PHONE (703) 684-0211

« FAX (703) 684-0242

* EMAIL: GEAREXPO@AGMA.ORG

 WEBSITE: WWW.AGMA.ORG
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The Next Dimension™ measures tooth alignment, tooth profile, index and root radius relative to other ge

3-D measurements
2 different worlds
I machine

. NEXT DIMENSION"

> oo
.““)( I%H Gear Measurement System
4191 US Route 40, Tipp City, OH 45371 # 937-667-7105 800-998-4191 ¥ 937-667-2591 % gearinspection.com
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Large Ultrasonic Unit
Makes a Big Splash in

Immersion Inspection
Oceangoing ships, power plants and
steel mills use large, powerful gearbox-

es—up to 100,000 horsepower. To make |

the gearboxes' pinions and shafts, a gear
manufacturer may start with bar stock
and stepped steel forgings up to 160
inches in length and 18,000 pounds in
weight. Also, the bar stock may be up to

22 inches in diameter and the forgings up

to 40 inches in diameter.

To make the gearboxes, the company
machines the forgings and bar stock with
keyways, holes, teeth or other features.
But, before it can do that, the company

has to inspect the parts for defects.

Lufkin Industries’ new immersion ultrasonic
inspection unit can handle bar stock and stepped
steel forgings up to 160 inches in length and 18,000
pounds in weight. The bar stock also can be up to
22 inches in diameter and the forgings up to 40
inches in diameter.

“The big investment in machining is
about to take place,”
Wozniak, president of Innovative Test

says Walter

Systems Inc. of Baton Rouge, LA. "You
want to find any defects in the forging
before you begin the expensive final
machining."

Lufkin Industries builds large, power- |

ful gearboxes. Until recently, it inspected
its forgings and bar stock manually, with
But,
Lufkin now has a new device to inspect

a hand-held transducer probe.

its parts—an ultrasonic inspection unit
capable of handling parts up to 40 inches
in diameter, 204 inches in length and
18,000 pounds in weight.

Specially made for Lufkin, the unit is

the first one of its size built by Innovative |

Test. Such large units can also be spe-

cially built by other companies, like |

Matec Instrument Companies Inc. of
Northborough, MA, and Panametrics
Inc. of Waltham, MA.

The unit consists of a scanner, tank and
material-handling equipment. Parts are
lowered into the water-filled tank and are
laid on the material-handling equipment.

The tank's inside is 214 inches long,
55.5 inches wide, and 40 inches tall. It
can hold about 2,000 gallons of water.
Lufkin fills the tank with about 1,500

gallons, which reaches about 29 inches |

up the tank's walls. The remaining space

In the water, a stepped steel forging lays on the unit's material-handling equipment. The tank's inside is
214 inches long, 55.5 inches wide, and 40 inches tall and can hold about 2,000 gallons of water.

e —

Welcome to Revolutions, the col-
umn that brings you the latest,
most up-to-date and easy-to-read
information about the people
and technology of the gear
industry. Revolutions welcomes
your submissions. Please send
them to Gear Technology, P.0.
Box 1426, Elk Grove Village, IL
60009, fax (847) 437-6618 or e-mail
people@geartechnology.com. /f
you'd like more information about
any of the articles that appear,
please circle the appropriate num-
ber on the Reader Service Card.

is for the parts, which displace water
inside the tank,

The scanner uses ultrasound 1o look
for irregularities—cracks and voids—in
the parts. The ultrasound signal reflects
irregularities back to the unit's operator
via the ultrasonic instrument display. The
signal's reflected amplitude and tme to
return allow the operator to determine a
defect’s location on a part, its size, and its
depth from the part’s surface.

Wozniak designed the scanner and

tank by scaling up one of his existing
i scanners and tanks. He also created the

material-handling equipment himself.
The equipment uses powered, horizon-

i tal rollers to rotate parts inside the tank.

According to Wozniak, the rollers' ability
to handle 18,000 pounds was unusual for

| ultrasonic inspection units—"To me, that
| was what made it unique."

Wozniak explains the equipment
couldn't have a fixed geometry because
each Lufkin forging can have segments
with different diameters and lengths.

"It had to adapt,” Wozniak says of the
equipment. "It's just a feature that makes
it more versatile.”

An operator can adjust the rollers for
diameter and length and the probe for
pitch and yaw. Also, the unit has four

computer-controlled, motorized axes,

www. poweartransmission.com * www.geartechnology.com » GEAR TECHNOLOGY « JANUARY/FEBRUARY 2001 n




allowing for rotation along the W axis and |
division, located in Lufkin, TX. The unit

Using an operator pendant with a lig- |
uid crystal display screen, the operator |
teaches the forging's shape to the unit,
calibrating the ultrasonic instrument for |

linear interpolation along the XYZ axes.

the thickness of each forging's different

over from there.

DR

R e e

now part of Lufkin's power transmission |

will be used daily once it's fully added |
into Lufkin's production process, replac-
ing its old inspection method. |

That method used manual contact |

| ultrasonic testing, which was performed |
segments. The operator then pushes the |
“cycle start” button, and the unit takes |

after final heat treatment and turning, but
before the part was machined with key- |

| ways, holes, teeth or other features— |
Delivered in September, the unit is |

inspecting a part with features would be |

AL SIER

precision through diamond

INTRODUCING PCD REINFORCING |

We will design, build and guarantee from your gear summary charts gear dressers for
Reishauer SPA and Fassler DSA Systems—Direct-Plated or Sintered-Bond Single- or
Double-Sided Dressers.

WE also produce

gear dressers for

* Gleason CNC
& Phoenix

* Liebherr

* Klingelnberg

* Pfauter

* Oerlikon-Opal

* Hoefler

* Hurth

* Kapp

* Niles

* Samputensili

* Mikron
* Maag
* Csepel

We offer our customers
= Highest Accuracy
* Fastest Delivery

* Competitive Prices
* Relap & Replating Service

Call or fax us your gear dresser requirements,
You will quickly discover what leading U.S. gear producers have learned.

DR. KAISER gear dressers are the best value available.
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difficult because of its irregular shape.
The part was turned to have a smooth
surface finish, placed in a lathe between
centers and coated with oil.

The part was then rotated very slow-
ly while an operator held a transducer
probe against the part, the oil serving
as the coupling between them. With the
probe against the rotating part, the
operator moved the probe slowly down
the part's length and checked the ultra-
sonic-testing instrument for indications
of defects.

Mark Townley, Lufkin's project coor-
dinator for the unit, says the company
got the new device to improve its inspec-
tion process. He explains that Lufkin
bought several multi-tasking turning
centers for the division's facility. The
turning centers can take a raw forging
and perform multiple operations, like
turning, milling keyways and drilling
holes.

But, to inspect parts, Lufkin had to
either stop the turning centers after tum-
ing but before milling and drilling, or
find another way to inspect parts before
they were put in the turning centers,

"Of course, we didn't want to stop
production,” Townley says. So, they
found another way: immersing the parts
for ultrasonic inspection.

“The immersion
allows you to have a rougher surface fin-
ish on the part,” Townley says.

Innovative Test created the unit to
inspect parts that haven't yet been
turned. Besides eliminating that pre-
turning, the new unit improves on the old
method in other ways:

* Inspection is automated and more effi-
cient;

* Parts with rougher surface finishes can
be inspected because immersion testing
provides better coupling between part
and probe than contact testing;

* The unit's automated scan stops and
sounds an alarm when it finds a defect,
eliminating the need for quality-assur-
ance technicians to constantly watch the
ultrasonic-testing instrument, as re-
quired in contact testing; and

* Lufkin no longer has to pre-turn parts
before inspecting them because the unit

inspection unit

www.powerfransmission.com
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can inspect parts after heat-treating and
before final turning.

The unit uses as many employees as
the old method used, though it has added
a step to Lufkin's production process.

During heat treating, parts can form
scales on their surfaces. The unit could
read those scales with pockets of trapped
air as though they were defects. Lufkin
now removes those scales by shot-blast-
ing each part. The parts can then under-
go immersion testing in the unit.

Still, Townley says Lufkin expects the
unit to provide a faster and more thor-
ough inspection than the old method.
The company has limited experience
with the unit and parts can vary widely in
size, but Townley explains Lufkin
expects an average-sized part would take
about 30 minutes to inspect compared
with about 90 minutes using the old
method.

He adds that Lufkin also expects to
save money through the reduced inspec-
tion time.
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Spline Rolling Takes a
New Form

Spline rolling with rack-shaped tools
has long been one of the fastest and most
economical methods of manufacturing
splined, toothed or threaded parts, espe-
cially in high-volume industries, such as
automobiles, trucks and marine and off-
road vehicles.

Equipment manufacturers have
recently introduced new machines in
North America that may provide even
more advantages in certain applications.
Several manufacturers now offer vertical
spline rolling machines in addition to the
traditional horizontal models, and some
of the machines now employ servomo-
tors instead of hydraulics to drive the
rack-shaped tools.

According to those manufacturers,
the result is machines with more flexibil-
ity and programmability in smaller, more
efficient packages.

Nachi Machining Technology Co.
(formerly National Broach & Machine)
of Macomb, MI, demonstrated its servo-

REVOLUTIONS e

i driven PFM/NC vertical roll forming

machine at IMTS 2000 in September.
Although the servo drives are a recent
addition, building vertical machines is
nothing new to Nachi, which has provid-
ed them for more than 30 years,

The advantages of a vertical machine
are numerous, according to Nachi. On a
horizontal machine, any flex in the
machine causes the upper slide to move
more than the lower slide, says product
manager Harvey Yera. On a vertical
machine, the slides move equally, Yera

says, and you get more consistency in k

the rolling of the part.

That consistency results in greater
control over tooth-to-tooth variation in
the spline, adds Nachi account manager
Nick Carene.

But the vertical machines’ greatest
advantage over horizontal machines of
the same capacity may be their reduced
size. “One huge advantage is floor space
and cellular manufacturing,” says Craig
Everlove, president of Anderson-Cook
Inc. of Fraser, MI. The company’s
newest machine is the servo-driven
Marand 340V vertical spline roller.

Floor space is a primary selling point
for other manufacturers as well. For
example, the Nachi PFM/NC machines
use 50 percent less floor space than a
horizontal machine of the same capacity,
says Raymond Wagner, vice president of
marketing and sales for Nachi.

West Michigan Spline Inc. of
Holland, MI, also manufactures vertical
spline rolling machines. According to
president Gary Hill, “the only advan-
tage, in reality, is the floor space.” Hill
estimates that his company's vertical
machines save approximately 25 per-
cent to 30 percent of the floor space
typically used by a comparable horizon-
tal machine.

In addition to going vertical, many of
the machines are going digital. Instead of
the traditional hydraulic pumps, motors
and cylinders to drive the motion of the
rack tools, the newer machines employ
electronically controlled servomotors.

Eliminating the hydraulic units
reduces the size and weight of the
machines even further than simply going

Rolled parts. Courtesy of Nachi Machining
Technology Co.

vertical, but there are many other advan-
tages, the manufacturers say.

For example, with no hydraulic
pumps or motors, the Nachi PFM/NC
machines use 66 percent less energy than
their hydraulically driven predecessors,
Wagner says. “A byproduct is that it’s
also a much quieter machine. The servo-
driven machines are 5-10 dB quieter than
a typical hydraulic machine.”

However, hydraulic machines are
also getting quieter, says Hill. Today’s
hydraulically driven spline rollers typi-
cally operate within OSHA standards at
well below 80 dB, he says.

Another advantage to the servo
drives, Everlove says, is that they give
the manufacturer more control over the
motion of the slides that carry the rack
tools. The servo drives make it easier to
adjust the speed and synchronize the
slides, he explains.

Yera agrees, and he points to that con-
trol as one of the main advantages of the
servo drives. Although you can change
the speed and force with a hydraulically
driven machine, AC servo drives provide
for easy programmability, Yera says.
“With AC servo drives, you can vary the
speed at any point in the rolling process.”

The first three-quarters of the roll
determines the quality of the part, Yera
says. Slowing down the roll at the begin-
ning reduces impact, minimizes oscilla-
tion and prevents slippage, which results
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The PFM/NC machines from Nachi roll parts verti-
cally (top). The machines are servo-driven (mid-
dle), and complex parts are “taught” via a hand-
held pendant (bottom).

in improved tooth-to-tooth spacing and
composite index measurements, he adds.
The programmability of the CNC
machine allows the manufacturer to
experiment and modify speeds to pro-
duce a better part.

In addition to the companies already
mentioned, General Broach & Engineer-
ing Co. of Morenci, M1, uses servo drives
on both its horizontal and vertical rolling
machine models, according to the com-
pany's Website.

Because of the push toward cellular
manufacturing, most of the spline rolling
machine manufacturers have begun pro-
ducing vertical machines, but not all
have jumped on the servo drive band-
wagon. Despite some apparent advan-
tages of the new servo-driven vertical
machines, manufacturers have
stuck to the traditional hydraulically
driven models.

For example, West Michigan Spline
manufactures vertical spline rolling
machines, but their machines use
hydraulics. The advantages gained by
adding servo drives and CNC controls are

some

simply not worth the price tag, says Hill.
A builder of only horizontal
machines, Micromatic

Holland, MI, uses servo technology for |
headstock positioning only. Instead of |

designing a completely new machine, the
company has focused on improving the
technology of its traditional models and
finding other ways to increase productiv-

ity, says Bob O’Connor, sales manager | Circle 301 for Anderson-Cook Inc.
| Circle 302 for General Broach & Eng. Co.

| Circle 303 for Micromatic Textron

for gear machinery. For example,
O’Connor says, horizontal machines are
getting longer and longer strokes, which
allows the manufacturer to produce mul-
tiple splines on one part, larger diameter
parts and parts with coarser pitches.
While most of the vertical machines on
the market have a maximum rack length
of 48 inches, some of the horizontal
machines allow racks as long as 60 inch-
€5 Or more.

Also, O’Connor says, the company is
still waiting to see how well the servo-
driven machines will hold up over the
years. “The loads are fairly heavy in
spline rolling,” says O'Connor, who also

Textron of |

|  alesssEs e eeTTeReARs a4 el DS e e

| suggests that some of the components
. needed in a servo-driven system may not
hold up as well as their hydraulic coun-
| terparts. “Our concern was for the long
| run.

"”

According to Hill, a user periodically
will have to rebuild the hydraulic cylin-
ders on a hydraulically driven spline
roller. “If the machines are built correct-
ly and the cylinders are lined up proper-
ly, they will last for seven to nine years,”
he says.

The engineers at Nachi say that their
servo-driven system will hold up at least

| as well as a similar hydraulic system.

“We know that the ball screws have a
service life of at least 10 years,” says
Wagner.

Each type of machine has advantages
and disadvantages, and both will require
some kind of maintenance and refurbish-
ing over their useful life. All the manu-
facturers agree that the customer should
consider those issues carefully before
deciding on one type of machine over

. another.

Despite the reservations of some
manufacturers, the combination of servo
drives and the vertical machine orienta-
tion seems to be a hit with customers,
says Wagner. According to Wagner,
Nachi has sold approximately 45 of the
PFM/NC machines worldwide since the
model was introduced about two years

. ago, with about 10 of those machines

sold in the United States.

Circle 304 for Nachi Machining Technology Co

i Circle 305 for West Michigan Spline Inc.
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POWDER METAL GEARS

Suitability of High Densi
Powder Metal Gears
for Gear Applications

Dr.-Ing. Rainer Link and Dipl.-Ing. Gerd Kotthoff

Introduction

The implementation

synchromesh mechanisms.

Porosity and frequently inade-

quate material properties of |

PM materials currently rule
out PM for automobile gears
that are subject to high loads.
By increasing the density of
the sintered gears,
mechanical properties

PM gears by single sintering
may change the situation in
the future.

of |
powder metal (PM) compo-
nents in automotive applica- |
tions increases continuously, |
in particular for more highly |
loaded gear components like |

the |
are |
improved. New and optimized |
materials designed to allow |
the production of high-density

| of the material is constant dur-
! ing the high temperature sin-

A conventional method of |
attaining high component den- '
sity is shrinkage during sinter- |
ing. The most effective way of |
increasing shrinkage with sin-
tered steels is o execute sin-
tering in the ferrite phased (ot |
phase). That finding inspired |
the development of the QMP
MSP3.5Mo material, a water-
atomized, pre-alloyed steel :
powder with a molybdenum

- content of 3.5 percent. Based

upon that material, two new |
steel powders with a molybde-
num content of 4.0 percent by |
weight have been developed. |
the
molybdenum content of 0.5
percent, the sintering behavior |

Because of increased

| pitting

tering process. With these

| materials—QMP MSP4.0Mo

and MSP4.0Mo-0.INb steel

powder—in  collaboration

with QMP Metal Powders
GmbH and the Laboratory for |

Machine Tools and Production

Engineering (WZL). investi- |
gations regarding the load-car- |

- rying capacity and the suit-

ability as future materials for
sintered gears were conduct-
ed. The investigations were

carried out as a part of a pro- |

ject sponsored by the German
Federal Ministry of Education

and Research (BMBF, Project |
| made from wrought steel. The

No. 03N3024).
The report covers investi-

gations concerning the macro- |
| and 7.7 g/cm? can attain tooth

under
Hertzian pressure and sliding

resistance

test roller
(eylindrical)

counter roller
(erowned, R = 166 mm)

combination of rollers:
test rofler - counter roller
V1 - Reference

V1 - Reference
Reference - Reference

Reference: 20MnCrS5

v V2 Reference
MSP4.0Mo|MSP4.0Mo| 20MnCrS
alloy system -0.1%Nb
1 |
Py
e ss};zﬁ H‘-:;-:s P1=650 MPa
1,230 min
£ } 5=1290°C
sintering Ot J
(mixed gas HyN,) |
5.5
density (g/cm’) 2N 758 763
Young's modulus 185,000 | 186,000
El ? 210,000
2,E,
E (N/mmv?) E= b 196,700 | 197,200 | 210,000
Nl |

Figure 1—Work material variants and production parameters of the test rollers.
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of sintered rollers made from
the new developed steel pow-
ders MSP4.0Mo and
MSP4.0Mo-0.1Nb. Tests on
the tooth root and tooth flank
load-carrying capacities of
sintered gears have been con-
ducted on gears with a module
of 3.5 mm. The influence of
shot peening on the properties
of sintered gears made from
MSP4.0Mo and MSP4.0Mo-
0.INb was also investigated.
The results of the sintered
rollers and gears are directly
compared to the fatigue prop-
erties of rollers and gears

single sintered PM gears with
densities between 7.5 g/em’

root and flank load capacities

Dr.-Ing. Rainer Link

is a mechanical engineer and s
managing director of QMP Metal
Powders GmbH, the German sub-
sidiary of QMP Lid./Canada.

Dipl.-Ing. Gerd Kotthoff

is a mechamical engineer at
Aachen University of Technology

| in Germany. Since 1996, he has

been a research assistant in the
“gear research group” at the
university's Laboratory for
Machine Tools and Production
Engineering, in the lab's manu-
facturing technology department,
Leader of the “gear investiga-
tion" working group, Kotthoff
works in the fields of sintered
gears, carrying capacity and
damage analysis of gears,
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Figure 2: Rolling strength of the sintered variants as compared to the reference variant
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Figure 3: Influence of material combination of rollers on the Hertzian pressure
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Figure 4: Cross section and surface of roll stressed rollers in the area of finite life
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that are comparable to those
obtained with DIN steels.
Based on those results, high
density PM materials could
be suitable for future gear
applications.

Investigation of rolling
strength of sintered rollers

Material variants and
geometry of rollers. Figure |
shows the material and pro-
duction parameters of the test
rollers used in the WZL tests.
The sintered test rollers were
pressed from cylindrical cir-
cular blanks and plasma-car-
burized. The bores and run-
ning surfaces of the test
rollers were then ground in
the circumferential axis and
the finished test rollers were
shrunk onto steel shafts. The
counter-rollers, manufac-
tured solely from the case
hardening steel ZF7B
(20MnCr5) reference materi-
al, and the reference test rolls
were machined as a single
part and were case hardened.
The sintered test pieces were
pressed at P, = 650 MPa. The
sintering temperature was
1290°C at a sintering time of
t, = 30 min. in an Hy/N, gas
atmosphere. The density of
the o-phase sintered materi-
als is already very high, at
7.58 g/em® (V1) or 7.63
g/em® (V2). Figure 1 also
shows the modulus of elastic-
ity of the V1 and V2 sintered
material variants and the
mean modulus of elasticity
used to calculate the Hertzian
pressures encountered in the
rolling tests.

Test procedure and results.
The rolling strength tests on
the PM rollers were conduct-
ed under typical gear condi-
tions using a twin-disc test
stand. The contacting materi-
als in the running tests on
variants 1 and 2 were a sin-




tered cylindrical test roller and
an embossed counter-roller
made from the 20MnCr5 ref-
erence material (Figure 1).
Two 20MnCr5 rollers were
used in the reference test.
Figure 2 shows the results of
the roller tests.
The Hertzian pressure that
can be withstood continuously
by the single-sintered rollers is
roughly 82 percent of the
load-carrying capacity of the
conventional 20MnCr5 case-
hardening steel. The S/N-
curves for variants V1 and V2
in Figure 2 are somewhat flat-
ter than the reference variant,
suggesting greater sensitivity
to overload peaks. In Figure 2,
the Hertzian pressures of the
sintered variants were correct-
ed with the aid of a standard-
ized modulus of elasticity
(2.110° N/mm?) in order to
achieve greater comparability
of the load-carrying capacities
of the various material combi-
nations. For that correction,
the diagram in Figure 3, which
shows the Hertzian pressure
depending on the applied nor-
mal force for different materi-
al combinations, was used.
The damage patterns for all
materials in the tests were,
however, approximately iden-
tical and resulted partly from
the high density and homoge-
neous microstructure of the
sintered rollers. Contrary to
previous tests with rollers at
densities of max. 7.2 g/em’, in

these investigations no wear at
the sintered rollers occurred, |
and the failure mode was
macropitting in all cases. As |
an example, Figure 4 shows |
the typical failure in the area |
of finite life for the investigat- |
ed materials. The damages to .
the reference wrought steel |
and to the sintered variants V1 |
and V2 show similar forms of °
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tooth root fatigue of the P/M-gears
non shot-peened 2%
shot-peened 109%
Reference (20MnCr5,  100%

non shot-peened)

material:

Reference: 20MnCrS
Variant 1: MSP4.0Mo
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gear data:
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Figure 5: Tooth root load-carrying capacity of the sintered variants compared to the reference variant

material data (pinion):
VZ: MSP4.0Mo-0.1Nb
p, = 176 glem?

testing conditions:

speed: n = 3,000 U/min

oil temperature: vy =80 +/-1°
oil: FVA3 with 4% A89

gear data:
m, =35mm
b = 20 mm
1,/2, = 25/26
x; = 0.3511
X, = 0.3482
o=20°
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Figure 6: Tooth flank load-carrying capacity of Variant 2

appearance. In the photos of
the cross section, the cracks,
starting below the surface in
the area of the maximum
equivalent stress, are shown.

| The surface shots show the

macropitting at test end.
Gear Tests

Additional gear tests (m, = |
3.5 mm; b =20 mm; B8 = 0°)
for Quebec Metal Powders |
GmbH were performed using |
the molybdenum-containing

reasons of time and cost, cir- |
cular blanks of the sintered
materials were pressed in a
simple die, the gear teeth were
machined and the parts were
plasma-carburized and ground.

- The circular blanks were man-
. ufactured at a pressure of P, = |

750 MPa. Sintering was car-
ried out for t, = 30 min. at
1290°C in an H,/N, atmos-
phere. The density of the sin-
tered rollers was p, = 7.72

materials listed in Figure 1 as | g/cm® for Variant 1 and p, =
part of the BMBF project. For | 7.76 g/cm® for Variant 2. As in
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the rolling strength tests on
the twin-disc test stands, S/N-
curves for the case hardened
20MnCr5 reference variant
and the two sintered material
variants (V1 and V2) were
determined in pulsator tests.
Some of the sintered gears
| were additionally shot-peened
using compressed air in order
to enhance the load carrying
capacity of the tooth root and
likewise tested in the pulsator.
To save time and cost, the
load-carrying capacity of the
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20MnCr5 reference variant
tooth root was not tested in
the shot-peened state.,

Figure 5 shows the S/N-
curves for the conventional
20MnCr5  case-hardening
steel reference variant and the
V1 and V2 PM variants. The
tooth root stress continuously
withstood by the 20MnCr5
reference variant is approxi-
mately Oy = 900 N/mm?. The
equivalent value for the
Variant | sintered gears is
roughly 25 percent below that
figure, at O = 685 N/mm?.
The value for Variant 2 is 6 =
745 N/mm?, or about 18 per-
cent below the reference vari-
ant. Shot peening increases
the tooth root load-carrying
capacity of the PM gears.
Both PM variants achieve a
continuously withstandable
tooth root stress of Gy = 1000
N/mm? approximately, which

is 9 percent above the tooth
root load-carrying capacity of
the unpeened reference vari-
ant.

Finally, load carrying
capacity tests were carried out
with the sintered variant V2, In
the tests, the sintered test pin-
ion was mating with a
16MnCr5 wrought steel gear,
in order to investigate the sin-
tered material V2 at the pinion.
Figure 6 contains the test
points already covered for
variant V2, indicating the
Hertzian pressure Oy, and the
torque M, applied to the pin-
ion. The varying moduli of
elasticity for the pinion (z, =
25) and the gear (z, = 26) were
taken into account in calculat-
ing the Hertzian pressure. In
the case of the sintered materi-
al, the modulus of elasticity
determined ultrasonically on
the sintered rollers (p = 7.63

g/em?) was employed. An S/N-
curve for 16MnCr5 wrought
steel determined in earlier tests
is also shown to indicate the
comparative  load-carrying
capacities of sintered gears and
16MnCr5 wrought steel gears.
The results of the running
tests show the slope of the S/N
curve for Variant 2 is compara-
ble with that for steel. The
continuously  withstandable
Hertzian pressure for Variant 2
is roughly 97 percent of that
for the steel material (50 per-
cent probability of failure).
Conclusion
Innovative iron-molybde-
num-based powder metallurgi-
cal materials were produced
on the laboratory and produc-
tion scale as part of the BMBF
project on New PM Materials.
The strength behavior of the
materials was initially exam-
ined in extensive materials sci-
ence test programs. Surface
macropitting rolling tests and
pulsator tests were then car-
ried out at the WZL on sin-
tered gears made with the
newly-developed PM materi-
als, in order to determine
tooth-root load-carrying
capacity. Rolling test results
show that single-sintered,
high-density PM rollers can
achieve a continuously with-
standable Hertzian pressure
Oyp representing some 82 per-
cent of the rolling strength of
the reference material. An
analysis of available test roll
damage patterns indicated no
significant differences be-
tween damage to the high-
density sintered rollers and the
reference rollers. Of interest in
this context is the fact that that
high rolling strength was
attained by single-sintered test
rollers which had not been
subjected to additional shot
peening treatment. The tooth-

[ - R 0 T e S D S . -

root load-carrying capacity of
the sintered gears was exam-
ined on gears with a module
m, = 3.5 mm in the unpeened
and shot-peened states. The
high-density PM gears attain
roughly 80 percent of the load-
carrying capacity of the refer-
ence gear in the unpeened
state. Following additional
shot peening, the tooth-root
load-carrying capacity of the
PM gears is 9 percent higher
than that of the reference vari-
ant. Tooth-flank load-carrying
capacity tests on Variant 2
(MSP4.0Mo-0.1Nb) PM gears
show that fatigue strength val-
ues comparable to those for
wrought steel can be expected
from the high-density sin-
tered gears.
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Robotic Automated
Deburring of

Aerospace Gears

Michael Nanlawala

Introduction

This report presents some interim results from
an ongoing project being performed by INFAC,
the Instrumented Factory for Gears. The purpos-
es of this initial phase of the project were to
demonstrate the feasibility of robotic automated
deburring of aerospace gears, and to develop a
research agenda for future work in that area.

Deburring of machined metal parts, such as
gears, is a costly and labor-intensive process with
associated quality, consistency and health risks. It
is a particular problem and a major cost driver for
gears that are considered aerospace- or precision-
grade (AGMA Class 12 and above).

Wherever possible, gears are deburred by
using simple mechanical equipment that is com-
mercially available. However, complex gears that
have specific chamfering requirements, as do pre-
cision-grade gears, must currently be deburred
manually (Figure 1).

Manual deburring is not only a labor-intensive
process, but it is also associated with the quality
problems resulting from inconsistent manual
operation; health-, safety- and environmental-
related issues; and high indirect costs as a result
of a high turnover of operators.

Automation of the deburring process can sig-
nificantly reduce cost, improve productivity, and
improve the quality and consistency of deburred
edges. This situation has led to an industry-wide
demand to replace manual deburring with a more
efficient, reliable, and safer automated deburring
system. The INFAC Robotic Automated
Deburring research project was initiated to
address that need. It is a joint technical effort
being conducted by IIT Research Institute, United
Technologies Sikorsky Aircraft, and United
Technologies Research Center.

Using the robotic automated deburring system
developed under.the project, the INFAC team has
successfully deburred a number of aerospace
gears, ranging in size from 3 inches to 30 inches
in diameter. The system uses commercially avail-
able, off-the-shelf hardware, including a six-axis
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programmable robot, a programmable index
table, various types of deburring heads, and sev-
eral different types of cutters.

In addition to cost savings that, in some cases,
exceeded 90 percent and substantial quality
improvements, such an automated deburring system
can eliminate potentially unsafe and relatively
unhealthy working conditions. The system enables
computer control and automation to be applied to
the deburring processes, bringing it at last into the
domain of computer integrated manufacturing.

Background

Machining processes, such as milling, drilling,
turning, hobbing, or other gear tooth cutting oper-
ations, create burrs on the edges of metal parts
when the cutting tool pushes material over an
edge rather than cutting cleanly through the mate-
rial. The size, shape and characteristics of the
resulting burrs depend upon a number of process
factors, such as tool material and its hardness,
tool sharpness, tool geometry, cutting forces, duc-
tility of the material being machined, the speed
and feed of the cutting tool, and the depth of cut.
A subsequent deburring operation is generally
required after those machining processes to
remove loose burrs from the machined edge and
to apply a chamfer to remove the sharp comers.
In addition to the removal of loose burrs, the
deburring of the edge produces benefits, such as
the removal of sharp edges, increasing the ease of
assembly, prevention of edge chipping or break-
age, and improvement of air flow over the edge of
rotating parts. Removing sharp edges by debur-
ring and chamfering also eliminates the possibili-

Fig. I—Manual deburring
is labor-intensive, inconsis-
tent and expensive.
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Fig. 2—The Single-Axis
Compliant Head (SACH)
Jrom ABB deburring a
double helical pinion.

ty of stress concentration and increases fatigue
life.

Aerospace gears are usually precision ground to
AGMA quality 12 to 14, For such gears, in addi-
tion to the required deburring of gear teeth, there
are also very specific chamfering requirements,
such as edge waviness and chamfer depth variabil-
ity, surface finish, and the absence of under- or
over-tempering of the deburred edges. Chamfer
width must also be uniform along the entire gear
tooth profile, as well as the root radius.

As mentioned earlier, wherever feasible, gears
are deburred using relatively simple mechanical
equipment. However, those machines lack the
dexterity and the programmability that are essen-
tial to meet the specific chamfering needs of the
usually complex-shaped aerospace gears. In gen-
eral, such machines do a satisfactory job debur-
ring and chamfering spur gears and helical gears
with smaller helix angles, provided that the shape
and size of the gear do not create an accessibility
problem for the cutter, grinding wheel or grinding
disc. In some cases, it is also feasible to deburr

and chamfer helical gears with higher helix i
angles and spiral bevel gears using such mechan- |
ical equipment. However, to meet the specific :

chamfering requirements, the semi-chamfered
gears need to be touched up manually after the
automated operation. Further, secondary brushing
operations are sometimes required to meet other
chamfer requirements, such as edge radiusing and
surface roughness. For those reasons, most aero-
space gears are currently deburred and chamfered
manually.

In a typical manual deburring and chamfering
operation, a skilled operator removes material
with a rotary file or a rotary grinding wheel or
disc attached to a hand-held air driven or electri-
cally powered tool.

Manual deburring is tedious, boring, laborious,
very time consuming and thus very expensive.
Manual deburring also produces inconsistent and
often unsatisfactory results. Furthermore, manual

deburring is ergonomically and environmentally
undesirable, causing safety hazards, such as minor
cuts, splinters, burns, bruises, and eye injuries. It
may also cause long-term health hazards, such as
arthritis, carpal tunnel syndrome, and illnesses
associated with dust inhalation. Other disadvan-
tages of manual deburring include a high rate of
rework or scrap, additional inspection costs, lower
productivity, high worker turnover, and high train-
ing cost to train new workers.

In a manual deburring situation, finishing oper-
ations can represent up to 20 percent of total pro-
duction costs. Therefore, automating the deburring
process can result in significant cost reduction, pro-
ductivity improvement, and quality enhancement
of deburred edges.

Robots are emerging as an economical solution
to automating many types of processes.
Historically, when robots were applied to less pre-
cise finishing operations like brushing, they have
been shown to achieve more than a 50 percent
reduction in processing times. Still, until recent
improvements were developed, their accuracy has
been prohibitively poor for use in the precision
deburring of contoured edges. Those technological
improvements include the introduction of precision
robots having better than + 0.004-inch repeatability
and the development of deburring heads like the
CADET (Chamfering and Deburring End of Arm
Tool) and other commercially available force-con-
trolled heads.

The strategy behind a force-controlled head is
to use an industrial robot as a coarse positioning
device, which carries and orients the force-con-
trolled head to the appropriate part edge to be
deburred and chamfered. Fine motion capabilities
of the force-controlled head allow the tool to track
edges based on force control, so that edge con-
tours can be traversed and precise chamfer depths
maintained in spite of unknown process variables
including the robot’s positional inaccuracies,
deviations in part geometry (or contour), and fix-
turing errors. Force control has the added benefit
with respect to gears of reducing the potential for
grinding burn.

Robot Selection

Robots are available in different types and sizes.
Most robots can be categorized into one of a few
basic groups such as single-axis, multi-axis,
SCARA (selective compliance assembly robot
arms), Cartesian, cylindrical, etc. A minimum of six
axes of movement is necessary to arbitrarily posi-
tion and orient a tool and is therefore required to
deburr the more complicated geometries of gears
such as spiral bevels. The six-axis robot also makes
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it easier to manipulate the cutting tool to reach dif-
ficult access areas, such as narrow grooves, the
very limited space between two gear faces or an
adjacent shoulder and the gear face. As far as the
robots are concerned, gear tooth deburring is a pre-
cision operation. Therefore, a robot selected for
deburring preferably should have better than
4 0.003-inch repeatability. Furthermore, to mini-
mize deflection, the robot arm should be more
rigid than is required for most other operations.
Stated another way, the end-of-arm payload capac-
ity of the robot should be large enough that, under
the weight of the end effector, deburring head, and
cutting tool, the deflection of the arm will be min-
imal. A robot selected for the purpose of deburring
should have its rated payload capacity preferably
at least 50 percent higher than the maximum antic-
ipated load at the end of the arm.

Considering the above factors, an ABB Flexible
Automation robot, model No. IRB 2400/10, was
selected for this study. The robot has a new S4 con-
troller with the Rapid™ programming language.
This robot’s end-of-arm payload capacity is 10 kg,
or approximately 22 Ibs., and the reach of the arm
is 59 inches.

Deburring Head Selection

While the robot itself is responsible for coarse
positioning and orientation of the deburring tools,
a specialized deburring head is needed to perform
the actual processing. The deburring head func-
tions much like a wrist at the end of the robot arm.
The heads have either pneumatic compliance or
electromagnetic force control that allows the cutter
to “float™ on the part edge and control the material
removal rate. The head is thus able to adjust to
process variations, including robot positional
errors, part errors, fixturing errors and burr size to
perform uniform material removal and minimize
cutter loading, cutter wear and part burning,

Many deburring heads are available, and a large
number were investigated. Three in particular
yielded interesting results and will be discussed
here. They included the Navy-developed CADET
head, a single-axis compliant head (SACH) from
ABB Flexible Automation, and a two-axis compli-
ant head (TACH) from ABB. The SACH system is
capable of being fitted with two different types of
cylinders, one low-speed option (15,000 rpm to
40,000 rpm) and one high-speed option (45,000
rpm to 85,000 rpm). The low-speed option was
used for deburring pinions, while the high-speed
option was applied to gears. Another option con-
sidered early in the project was a high-speed, axi-
ally compliant device from ATI Industrial
Automation. However, it was eliminated in pre-

www. poweriransmission.com = www.gearlechnology.com = GEAR TECHNOLOGY » JANUARY/FEBRUARY 2001 2

liminary assessments based on unacceptable sur-
face finish and tool life.

The CADET head is not commercially avail-
able, and only a few prototypes exist. It has
closed loop force control, making it easier to pro-
gram since the trajectory points do not need to be
as exactly specified. It also offers the best control
over the material removal process because it
operates in a closed force-feedback loop. The
other two heads investigated are commercially
available, off-the-shelf equipment and therefore
less expensive to acquire, operate and maintain.
The commercial heads also provide more options
in cutter selection and allow operation at higher
speeds than the CADET.

The CADET is a dual-axis force control head
that uses a 5,000 rpm to 6,000 rpm electric spindle
mounted within a force transducer assembly. The
force transducer assembly is mounted within a
two-axis gimbal that permits movement of the cut-
ter tip in a direction perpendicular to the spindle
axis over a 5-square centimeter work area. The
gimbal is instrumented with position transducers in
two axes, which enable measurement of cutter tip
position. A unique dual-axis direct drive actuator,
mounted above the transducer assembly and linked
to the cutting process through the two-axis gimbal,
provides the power for the cutting force control.
The entire design is balanced gravitationally and
dynamically in any orientation to minimize sensi-
tivity to forces other than the cutting forces.

The CADET is controlled using a high-band-
width, high-accuracy force servo loop. Fine
motion capabilities of the CADET allow the cutter
to track edges and control the material removal
process based on force feedback, so that edge con-
tours can be traversed and precise chamfer depths
maintained in spite of process variations.

The SACH and TACH that were evaluated are
produced by ABB Flexible Automation of New
Berlin, Wisconsin. The range of motion for the
SACH is + 3.6°. Pneumatic grinders of the user’s
preference can be mounted in the head, including
reciprocating filing tools or spindles of various
speeds and configurations. In the present study,
the SACH was fitted with various speed pneu-
matic spindles (15,000 rpm to 85,000 rpm) and
used in conjunction with carbide cutters or grind-
ing discs. It is shown in Figure 2. The TACH has
4 4 mm of two-axis radial pneumatic compliance
and incorporates a 40,000 rpm or 85,000 rpm
pneumatic grinder.

Cutting Tool Selection

The final component in the automated debur-

ring system, after the robot and the deburring
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head, is the actual cutting tool that physically
removes the burrs from the gears and applies the
chamfers. A variety of cutting tools were investi-
gated, including:

* 2-inch RexCut™ disc cutter,

* 1-inch RexCut™ disc cutter,

* l-inch CBN (cubic boron nitride) disc cutter,

» 3/16-inch cylindrical carbide cutter, and

*» 90° conical cutter (carbide and CBN).

Various combinations of deburring heads and
cutters were tested on several different gears, and a
number of output parameters were observed. They
included surface finish, chamfer uniformity, blend-
ing, cutter life, and overall quality of the process.
The results and observations for those tests are sum-
marized in Table 1. In it, each row represents one of
the specific gears that were investigated. Each col-
umn represents one of the cutting tools used. Within
the body of the table, for each gear/cutter combina-
tion, an assessment is listed as to whether that tool
could be used with that gear or not, and if so, which
head was utilized and what results were achieved.
Successful combinations, demonstrating feasibility
of the automated deburring process, are indicated in
the table via shading,

As can be seen in Table 1, not all gear/cutter
combinations proved to be successful. The cutter
must access the gear tooth profile without hitting
adjacent features. It must also have the required

material removal capabilities and wear properties,
and it must produce an acceptable surface finish. A
lubricant, Aculube™, was used in most of the cut-
ting trials. It was found to improve surface finish
and extend the life of the cutter. The conclusion
from this set of tests is that the cutters, more than
the compliant heads that carry them, determine the
success or failure of the processing procedures.

Excellent results have thus far been achieved
with 0.040-inch thick grinding discs of the
RexCut™ product. The cutters are the same as
those currently used in the industry for gear fin-
ishing using non-robotic equipment. They are
aggressive and fit well into small root radii. They
produce very good surface finish and uniform
chamfers. The larger diameter RexCut™ products
(2-inch diameter or greater) have sufficient life and
fit within the features of many of the more complex
parts. Using the cutters with a compliant head and
a robotic positioning device greatly enhanced their
usefulness. Unlike most machines being used cur-
rently for gear deburring, the robot permits optimal
orientation and positioning of the cutters for each
feature being processed. The compliant heads pro-
vide force control to protect the gears from grinding
burn, to extend cutter life and to adapt to inherent
positional errors of a dexterous robot.

Parts like the double helical bull gear do not
permit the use of those discs due to interference
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with adjacent features. Luckily, carbide cutters
were shown to be successful for the gears.

The CBN (cubic boron nitride) discs under
investigation, while not suffering from the cutter
life problems of the RexCut™ discs, do produce a
rougher (yet most likely acceptable) surface fin-
ish, and some cutter loading and chatter were
observed. Future work should develop the process
parameters for improving the deburring process
with the CBN cutters.

Path Programming

In addition to component selection, the program-
ming of motions is an essential step in the develop-
ment of an effective automated deburring system.
Since the INFAC system is robot-based, a robotic
type of path programming algorithm was used.

Figure 3 illustrates the typical nomenclature
used in programming most of the gear paths for
this study. Each tooth edge—that is, the obtuse
edge and the acute edge—was programmed using
one or two points at the root (either a single pRM
or both pRMO and pRMA), a point near the root
but on the tooth profile (pEAPO and pEAPA), a
point at the midpoint of the profile (pMAPO and
pMAPA), a point at the outer end of the profile
(pSAPO and pSAPA) and one or two points at the
nose of the gear (either a single pNOS or both a
pNOSO and pNOSA).

Those points were programmed using the teach
pendant by first finding an orientation for the
head/cutter that is accessible to all points on a
tooth side (acute or obtuse). Next, each point is
jogged to and taught. If deburring is being per-
formed with a carbide cutter, then cutter abrasion
is not an issue and each point is programmed into
the edge (depressing the compliance) by 1 mm to
2 mm. Thus, when the program is executed, the
compliance of the head should be depressed to a
depth of 1 mm to 2 mm throughout the cut. In the
case of an abradable cutter like the RexCut™
wheels, the cutting depth bias is addressed using
the robot programming language’s RelTool func-
tion, which is used to permit program offsets in
the direction of wear. In this case, the points are
taught by jogging the robot to a position just
touching the edge. The compliance depth pro-
grammed using the RelTool function then drives
the disc into the edge (against the compliance) in
the compliance direction of the tool (head) coor-
dinate system.

The cutter orientation was chosen to be rough-
ly perpendicular to the bisector of the edge at the
midpoint of the tooth profile, i.e. the edge normal.
However, for a helical or spiral bevel gear tooth,
that means the acute profile generally requires a
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different cutter orientation than does the obtuse
profile. That is why currently available non-robot-
ic deburring machines with fixed cutter orienta-
tion cannot produce a uniform chamfer on both
sides of such gear teeth. It would be preferable to
reorient the cutter in the root so that the acute side
and the obtuse side both have their own optimum
orientations and there is one continuous cut.
Unfortunately, early trials showed that the
increase in robot dynamics associated with reori-
enting the robot produced divots in the gear tooth
edge. The efforts of this study have, therefore,
focused on programming trajectories that main-
tained a constant head/cutter orientation through-
out the cut, per side. A natural consequence of not
changing the orientation during the cut is that
there will be a region of each tooth edge where a
blend from one cut to the next must take place
(usually in the root).

It may be possible to develop a means of reori-
enting with minimal dynamics. Approaches might
include adjusting the maximum permissible reori-
entation speed or playing with the zone data (both
position and orientation). Also, one must use care
that the tool center point (TCP) is accurately
defined when making reorientations while cutting.

It is important in programming with a robot to
allow for both static and dynamic robot error in
fixturing, cutter, part, and other process errors.

1 Thus, the programmer is always thinking about

the worst case positional errors and allotting clear-
ance for such errors. For example, in program-
ming a start point between two teeth, one should
leave sufficient room between the cutter and adja-
cent features to account for possible process
errors. With modem robots, this typically requires
a minimum clearance of 0.03 inches.

One should also take advantage of inherent
degrees of freedom in the system to allow room
for error. For example, in programming for flank
milling cutting with a cylindrical cutter, the three

—_—
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degrees of freedom for positional errors are
accommodated as follows:
= Errors along the axis of the cutter are accommo-
dated by symmetry along the axis of the cutter.
* Errors normal to the edge are accommodated
through compliance in the head.
* Errors along the tangent to the edge are accom-
modated by the fact that they are aligned with the
direction of feed.

In programming the disc cutter:
» Errors tangent to the disc at the point of contact
are accommodated by symmetry at this point.
* Radial errors are accommodated by compliance
in the head.
* Errors perpendicular to those are accommodated by
the fact that they are aligned with the feed direction.

It was found that a better blend at the root
between the acute and obtuse sides of the tooth
could be achieved with a layered approach. That
could be done, for example, by starting with a cut-
ting pass on the acute side of each gear tooth, then a
pass on the obtuse side of each tooth, then a final
finishing pass on the acute side. Also very important
to achieving a good blend is that the chamfer angles
from the acute and obtuse passes must match as
much as possible over the blending region.

Selectively cutting the acute and obtuse edges
has the added benefit of permitting the operator to
incorporate that selectivity into the final operator
program. Thus, the program could be made to
allow the operator to selectively choose to make
another pass on the acute or obtuse side, depend-
ing on which looked as though it needed another
pass. Keep in mind, though, that switching back
and forth is the best way to accomplish a smooth
blend. Making too many passes on one side with-
out finishing with a final pass on the other side
can leave a noticeable divot at the start point.
Fortunately, the deeper the chamfer is, the less the
chamfer opens per pass because the force is pro-
portional to the area of the cut.

Example: Double Helical Bull Gear

One of the most challenging of the gears tested in
this investigation was a 30-inch diameter, 10-diame-
tral pitch, double helical bull gear. That particular
gear has two helical gear surfaces, separated by a gap
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of approximately three-quarters of an inch.
Processing parameters that were found to work
effectively are summarized in Table 2. In that table,
the compliance pressure is measured close to the
deburring head. The x, y and z Euler angles give the
orientation of the tool coordinate system with respect
to the robot base coordinates.

After a manual deburring operation, the bull
gear had an inconsistent finish and many divots.
After processing with the automated deburring sys-
tem, the edges were smooth and uniformly cham-
fered. Time spent to deburr this gear manually was
approximately 12 hours. Time to deburr using the
automated system was approximately two hours, or
a savings of 10 hours, about 80 percent.

Example: Double Helical Pinion

Another challenging gear to deburr was the
pinion that drives the bull gear in the example
above. That pinion contains two helical surfaces,
approximately 2.5 inches in diameter, also a 10-
diametral pitch with a 35° helix angle and a three-
quarter inch gap. There is also an integral 10-inch
diameter spur gear on the same shaft.

The double helical pinion was processed using
the 3/16-inch carbide cutter. The burrs were not an
obstruction to the process and a uniform chamfer
was produced in spite of them. Time to process the
gear was reduced from 150 minutes for manual
operation to 15 minutes for automated operation.

Chamfering Results

Another issue of interest is chamfering quality
and uniformity. The automated deburring system
has been applied to different types of aerospace
gears including:

* 10-diametral pitch spur gears,

* 35° and 45° helical gears,

* 35° double helical pinions and gears, and

* 4- and 5-diametral pitch spiral bevel gears and
pinions with 30° and 35° spiral angles.

Figure 4 shows data on the results of cutting
some of the more challenging gears and pinions.
The plot shows the average, maximum and mini-
mum chamfer widths measured for all teeth.
Because the maximum and minimum chamfer
width did not exceed the typical £ 0.010 inch tol-
erances and the surface finish was good, the
process was deemed successful.

Admittedly, the acute edge came out smaller
than the obtuse edge for several of the gears. The
goal of the testing was not to produce the correct
chamfer width so much as to achieve acceptable
chamfer width uniformity and surface finish.
Once the uniformity is achieved on each side, the
chamfer widths can be matched by changing the
number of passes across the acute or obtuse edge
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or by adjusting other parameters like the cutting
force or feed rate.
Future Work

The results presented here represent interim
findings of an ongoing project at INFAC, the
Instrumented Factory for Gears. One of the goals
of this initial part of the project was to assess the
feasibility of developing an automated deburring
system for aerospace gears. To that extent, this
phase has been considered successful. The feasi-
bility of the automated system was demonstrated
by deburring different sizes (from 3-inch to 30-
inch diameters) of spur, helical, double helical and
spiral bevel gears and pinions. For this purpose, a
six-axis robot, a programmable indexing table and
commercially available deburring heads were uti-
lized. Such a simple system was more than ade-
quate to conduct the feasibility study. However,
for such a system to operate more efficiently in a
production setting, a number of improvements in
areas like programming, fixturing, cutters and cut-
ting parameters may be necessary. A brief list of
potential areas for future work follows.

Offline programming. Programming the robot
offline can increase the robot’s productive time
and also reduce development or prove-out time
considerably, since any unexpected problem in
fixturing, path programming, or operating the
robot can be detected and resolved before the
robot is loaded with the desired program.

Tool wear compensation. To maintain consis-
tency in the width of the chamfer, it is necessary

that the cutting tool diameter remains constant. !

That is not a problem with cylindrical cutters.

However, when very thin, fiber-bonded RexCut™ |

discs are used, an appreciable amount of tool wear
is experienced. That tool wear must be compen-
sated for, and that can be accomplished by a sim-
ple touch probe.

Application of CBN cutters. Another approach
to handle the tool wear problem is to use longer
CBN-coated disc cutters. In the feasibility phase,
such cutters were used on a limited basis. More
development is required in that area.

Brushing operations. In the case of gears
being deburred after hardening and grinding,
brushing is often necessary to remove minor sec-
ondary edges and also to improve surface finish.
In such cases, brushing is normally performed
manually. That expensive manual brushing could
also be eliminated by integrating brushing with
robotic deburring and chamfering.

Automatic tool changes. To accommodate dif-
ferent types and sizes of gears, it may be neces-
sary to use various deburring heads and cutters. In
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such cases, setup time or changeover time can be
reduced and the robot’s actual productive time
increased by integrating some sort of automated
tool changing system. A number of manufacturers
have developed such systems, and they could be
integrated into the robotic deburring system with
little trouble.
Conclusions

The following conclusions can be summarized
for this project, based upon work performed to
date:
* Robotic automated deburring of aerospace gears
is feasible and has been demonstrated on spur,
helical, double helical, and spiral bevel gears from
3 inches to 30 inches in diameter.
* Both deburring and chamfering of aerospace
gears can be achieved with an automated system.
* A successful automated deburring system for
gears can be constructed from commercially
available, off-the-shelf components.
* Quality and consistency of deburred and cham-
fered edges were increased in gears processed
with the automated system, as compared with
manually processed gears,
« Careful cutter selection is essential to achieving
high-quality automated deburring.
* Process time for automated deburring was often as
much as 90 percent shorter than manual deburring,
* Cost savings achieved through automated debur-
ring, primarily through time savings and scrap
reduction, is estimated at an average of 65 per-
cent, as compared with manual deburring. {

Fig. 4—Chamfer width and
consistency from tooth to
tooth for various fest gears
and processes.
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Water Powered
Machinery

Robert E. Smith

n one of my many visits to northern New
York state, which includes the St.
Lawrence River (Thousand Islands
Region) and the Adirondack Mountains,
| visited Croghan, a village on the Beaver River,
which is fed by the Stillwater Reservoir in the
Adirondack Mountains. At the base of a dam
within the village, | found the remnants of a
water turbine and a bevel gear drive system.
Having worked for The Gleason Works for
many years, | was intrigued by the remains of
the bevel gears, which appeared to have had
wooden teeth at one time.

Several years later, someone told me there
was still an operating water wheel and drive on
the other end of the dam, so | had to return for
another visit. | found a company called the
Croghan Island Mill Lumber Co., Inc. It is cur-
rently owned by the Martin family, and | met
Jim Martin.

The family has owned the business since
1969. Before that, Martin’s father worked for the
previous owner for 30 years. There has been a
similar business on site for about 150 years,
according to Martin's research. They do custom
millwork for restorations—moldings, window
frames and sashes, etc.

At one time, there was a sawmill on the other
end of the dam, where | had seen the original
remains of the turbine and bevel gear drive. The
sawmill had used a water wheel called a Rodney
Hunt wheel for power, but the mill burned down
about 1950.

The Croghan Island Mill uses a James LefTel
water wheel, made by a company that used to be
in Springfield, Ohio. Someone bought the draw-
ings and claims to have replacement parts avail-
able. The water drop is 9 feet. The turbine is
about 5 feet in diameter and 2 feet high.
According to Martin, it generates about 70 HP,
enough to drive all their machines at one time.
The current water wheel has been in use since
about 1912,

powartransmission.com
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The gear drive is a speed increasing pair of
bevel gears, with a ratio of 1.5:1. The bevel drive
gear, attached directly to the turbine shaft, is
about 48 inches in diameter, with 66 teeth. The
pinion is 32 inches in diameter and has 44 teeth.
The pinion is metal, while the gear is a casting
with slots in it. The teeth are hardwood, and they
are held in the slots by wedges on the underside.
The teeth have a tapered “involute-like™ shape
and were originally made by a company in
Carthage, NY. The company probably no longer
exists. Martin has one new tooth, which can be
used as a pattern.

It seemed incredible to me that the wooden
teeth on the large gear have been running at least
since the Martin family took over the business 31
years ago. They have had no tooth failures in all
that time, and they don’t know how long the gears
were running before the family bought the mill.
The wooden teeth are worn considerably thin at
the outer ends, so that they look more parallel
today. The wear pattern indicates that the gears
are not mounted properly, relative to each other,
but as they wear, there is more face width of the
teeth carrying the load. They occasionally apply
some grease to the teeth, from a barrel that was on
site when they took over the business. About
once a year, they have to replace or adjust the
wooden pillow block just above the turbine.

The drive shaft goes into the building and is
belted down below the main floor. From there,
the power is distributed to other drive shafts near
the various machines. The machinery includes
table and band saws, planers, joiners and sanders.
All the machines are from the late 1800s to early
1900s and are still used daily.

During the winter, the water in the top of the
tower freezes, especially on weekends, when the
turbine is shut down. The next morning, they
pour some rock salt around the turbine shaft at the
surface. Ten minutes later, the shaft is free and
can be started up. Sounds like a pretty reliable
and inexpensive source of energy. {3}

Tell Us What You Think . ...

If you found this article of interest and/or useful,
please circle 312.

If you did not care for this article, circle 313.

|f you would like to respond ta this or any other arti-
cle in this edition of Gear Technology, please fax your
response to the attention of Randy Stott, managing
editor, at BA7-437-6618.
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Sp

This article also appears
as Chapter 1 in the
Gleason Corporation pub-

lication "Advanced Bevel

Gear Technology.”

Gearing Principles in
Cylindrical and Straight
Bevel Gears

The purpose of gears is to |
transmit motion and torque

from one shaft to another. That

transmission normally has to |
occur with a constant ratio, the
lowest possible disturbances |
and the highest possible effi- |

ciency. Tooth profile, length
and shape are derived from
those requirements.

With cylindrical gears, it is
easier to understand that the
involute profile provides a

constant ratio and is insensi-
tive to center distance dis- |

placement. The generating
principle of an involute is

GEAR FUNDAMENTALS

The Basics of

Dr. Hermann J. Stadtfeld

derived from a straight rack

with straight tooth profile. A
particular gear, rolling in the |
rack with constant center dis- |

tance to the rack, requires
involute flank surfaces. A

. shaping tool with the shape of |
i arack can machine a gear with

a perfect involute flank form,
Figure 1 shows a cylindrical
gear rolling in a rack.

To understand the bevel

gear tooth geometry, one

might first observe the case of |

straight bevel gears. If the
generating rack used to derive
the cylindrical gear involute is
bent in a horizontal plane into
a circular shape, it results in a
crown gear, which is used to

derive the flank form of bevel |
pinion and gear. In the case of |
straight bevel gears, the crown |

gear or generating gear can be
placed between the pinion and
gear assembly. Its center is
located exactly at the intersec-

Figure 1—Cylindrical gear generating principle.
www.powerlransmission.com = www.gearfechnology.com » GEAR TECHNOLOGY » JANUARY/FEBRUARY 2001 n
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Figure 2—Crown gear arrangement in bevel gear sets.

tion point of the pinion and
gear shafis.

As a mental exercise, the
crown gear should consist of a |
very thin material like alu- |
minum foil. In that case, it is |
possible for all three elements
to be in mesh at the same time.

Figure 2 shows how the
pinion is located at the back-
side of the crown gear and
meshes with the “negative
teeth,” while the ring gear is
placed at the front side of the
crown gear and meshes with
the “positive teeth.” If such an |

- arrangement is possible, then |
' the kinematic coupling condi-

tions of the bevel gear set are |

i fulfilled, which means the pin-
i ion and gear can mesh with

each other, too.

erating gear generates a gear

{ which causes a straight lead
- and an octoid profile on the
i generated teeth, The octoid
i basically is the bevel gear ana-
| log of an involute. The octoid

provides a constant ratio and
makes the gears insensitive to
displacements perpendicular
to the pitch line.
Circular Cutting Tools and
Spiral Bevel Gears

A face cutter comes with

many blades to increase pro-

- ductivity. It generates a curved
| tooth shape, which provides

Dr. Hermann J. Stadtfeld

is vice president of research &

- development with The Gleason
A single profile of the gen- |

| bevel and cvlindrical gear manu-

Works, a leading manufacturer of

on its one side and the mating | factring equipment. He has writ-
| ten numerous articles on the theory

member on its other side. The |
| profile and lead are straight, |

of gearing and on practical aspects
of gear manufacturing.
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increased face contact ratio, | ing gear into the pinion. The

tooth rigidity and adjustability |

to load-dependent deflections.

In the case of a single index |
face milling method, the tooth
lead function is circular, as the |
blade in the cutter performs a |
circular motion, while the |
generating gear rests in a fixed |
depth along the face width. As
| soon as the teeth have a spiral
tween the cutter and the gener- |
ating gear does not require any |
rotation of the generating gear.
The virtual generating gear is
formed by the cutter head in a |
non-generating process. In
Figure 3, the rotating blades in |
the cutter head can be under- |
stood to represent one tooth of |

angular position.
The tooth profiling be-

the generating gear,

As explained earlier, the |

generating gear is the bevel

gear equivalent of the straight |

rack for generating a cylindri-
cal gear tooth. Therefore, it is
understandable that the gener-
ating gear tooth profile is a
mirror image of the blade pro-

file (it is not an involute or |

octoid).

If a pinion blank without
teeth is positioned in front of
the generating gear and then
moved towards the cutter, the

blades will cut the same trape- |

zoidal profile of the generat-

4
e L
'y fohe
L

pinion slot produced in that
way has two defects, First, the
profile will not allow rolling
between pinion and generating
gear (compare to the rack and
cylindrical gear tooth in
Figure 1). Second, the pinion
slot does not have the proper

angle and the slot inclines to
an angle on an axial plane, the
teeth wind around the work
gear body. In a fixed angular
position, just the heel section,
for example, is cut to the prop-
er depth,

The roll motion rotates the
virtual generating gear and the
| work gear with the proper
ratio while they are engaged
i (similar to the linear motion of
' the rack, Figure 1, in conjunc-
tion with the gear rotation).

Since the generating gear is
Jjust virtual and doesn't physi-
cally exist, the cutter that sim-
. ulates one tooth of the gener-
ating gear has to rotate around
' the generating gear axis.

With this rotation (roil
motion), the cutter blades
work their way from the heel
l to the toe and gencrate the
proper octoidal profile along
| the entire face width. The start
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roll position is normally on the
side of the tooth with the big
diameter (heel). The roll

motion ends when the profile |
generating “arrives” at the |

opposite side of the face width
(toe).

That procedure was for
machining one slot. To
machine the next slot, the cut-
ter withdraws, and the work
indexes one pitch. The spiral
angle is the inclination angle
of the curved tooth tangent to
the radius vector from the
intersection point of pinion
and gear axis (see Figure 4).
Because of the curved shape
of the tooth length, different
points along the face width
have different spiral angles.
The nominal spiral angle of
the spiral bevel gear or pinion
is the angle measured from the
center of the tooth.

It is possible to use a bevel |

generating gear that is identi-
cal to the ring gear. The pinion

is in that case generated by
rolling with the bevel generat- |
ing gear, and the gear is man-
ufactured simply by plunging |

the cutter to full depth without

rolling (non-generated form |

cutting).

A straight tooth bevel gear |
set has contact lines that are |
parallel to the pitch line :
(Figure 5, top). The first con- |
tact between a generating gear |
tooth and a pinion tooth starts, :

for example, in the root and

moves during the rotation of |
the two mating members |
along the path of contact |
straight up to the top. The con-

tact lines represent the

momentary contact between

the two flanks in mesh.

With a spiral bevel gear set,
the contact lines are inclined |

relative to the pitch line orien-

tation. Unlike the contact lines

of the straight bevel gear set,
the contact lines of the spiral

bevel gear set have different
lengths. The bottom of figure 5
shows the movement of the
contact from heel top to toe
root. The very short contact
length increases from the
beginning of the roll towards
the center of the face width and
reduces as the roll approaches
the exit at the toe end.

The contact lines between
pinion and generating gear are
identical to the contact lines
between cutter blades and pin-
ion flanks.

Single Index Process—

Face Milling

In a single index process,
just one slot is cut at a time.
For the non-generated mem-
ber only, the cutter rotates and
is fed into the work gear to the
full depth. After reaching the
full depth, the cutter with-
| draws and the work indexes
one pitch to the next desired
slot position (Figure 6, right
side). The process repeats
until all slots have been
machined. The resulting flank
lead function is a circular arc.

Machining a generated
member is done by plunging
at the heel roll position first.
. After plunging, the roll
motion begins, and generat-
ing of the flanks from heel to
toe occurs. The flank lead
function for a face milled,
generated gear is a circular
arc that is wound around a
* conical surface.

The manufacturing of a
face milled bevel gear pair is
possible in a five-cut process
or in a completing process.
The five-cut process consists
of the following five indepen-
| dent operations:

1. Gear roughing (alternate
roughing blades),

i 2. Gear finishing (alternate

finishing blades),

¢ 3. Pinion roughing (alternate

roughing blades),

e __EEEEERCHEIRERE U

Spiral Angle

Figure 4—Definition of spiral angle.

PATH OF CONTACT
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SPIRAL ANGLE = 0°
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SPIRAL ANGLE = 35°
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* Figure 5—Contact lines for different spiral angles.
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Continuous Indexing Single Indexing
\\ \\\
!_ P e
i Al
>
! }

Figure 6—Kinematic principle of continuous indexing vs. single
indexing.
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Figure 7—Cycle diagram for generating a face hobbed pinion.
4. Pinion finishing convex between the number of work
(inner blades only), and | gear teeth and the number of
5. Pinion finishing concave i head blade groups
(outer blades only). { (starts). The resulting flank
A completing process uses lead function is an epicycloid.
| The effective cutting direction
i of the blades in the cutter head
' is not perpendicular to the cut-
| ter radius vector (like in the
. single indexing process). The
i blades are moved in the cutter
. head tangentially to an offset
¢ position to accommodate the
| correct with
respect to the cutting motion
vector. The pitch points on the
cutting edge of inner and outer
only. While an outer and an blade have an identical radius.
inner blade move through a | The right slot width is
slot of the work gear, the work | achieved with the angular dis-
gear is rotating in the opposite tance between the outer blade
direction. The relation of the (first) and the following inner
cutter rpm and the work rota- | blade. The left portion of
tion is equivalent to the ratio | Figure 6 shows the kinematic

i cutter

two combined operations:

1. Gear roughing and finishing
(alternate roughing-
finishing blades) and
Pinion roughing and finis-
ing (alternate roughing-
finishing blades).
Continuous Indexing

P rocess—Face Hobbing

[ 2% ]

orientation
A continuous cutting |
process consists of continuous |

rotations and a feed motion
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relationship and the orienta-
tion of the blades relative to
| teeth. N is equivalent to as

cutter and cutting motion.

Balancing of the tooth |
. the cutter has starts.

thicknesses between pinion
and gear can only be realized

by different radii of inner and |
outer blade pitch points, since |

the spacing between the

blades is given by the cutter |

head design and therefore
remains constant.

While one blade groupé
(like shown in Figure 6) is |
moving through one slot, the |
work rotates in the opposite
. depth position, the cutter rpm

direction, such that the next

blade group enters the next |
slot. That way, all the slots |
around the work gear are cut
. When arriving at the toe (end

at about the same time. The

feed motion to feed the cutter |
to the full depth position is |
therefore slower than in the |

single index process.

A non-generated work gear
is finished when the full depth
position is reached. To get the |
highest possible spacing accu- :
. steel has to be carburized on

racy, a dwell time is applied to

the non-generated member.
i for example. The heat treat-

The aim of the dwell motion is

to allow each blade to move |
once more to each slot, which
takes N slots to pass by, where

GEAR FUNDAMENTALS IS

N is the number of cutter starts
times the number of gear

many ring gear revolutions as

For a generated pinion, a
roll motion follows the plung-
ing cycle in the center roll
position (the cutter does not
cut the full depth yet). The roll
motion after plunging moves
the cutting action to the heel;
both plunging and rolling to
heel is part of the roughing
cycle. At the heel roll position,
the cutter advances to the full

increases to a finishing surface
speed, and a slow roll motion
from heel to toe follows.

roll position), all teeth of the
generated work gear or pinion
are finished (see Figure 7).
Heat Treatment of
Bevel Gears

Heat treatment follows the
soft cutting operation. The
generally used low carbon

the surface, by case hardening

ment is finished with the
quenching operation that pro-

. vides a surface hardness in the
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Figure 9—Grinding of a bevel pinion.

range

of 60 to 63 Ri.‘.‘E

(Rockwell C). The pinion may
be 3 Rc harder than the ring

gear to equalize the wear and
reduce the risk of scoring. The

core material stays softer and |

more ductile, with a hardness
in the range of 30 to 40 Re.

The distortions from heat |

treatment are critical to the |
final hard finishing operation. |
The kind of heat treatment |

facility (salt bath, furnace or

continuous furnace), as well
as the differences between the

charges of blank material, has |

a significant influence on the

most cases, is shaped like a
long shaft
straightness (radial run-out).
In addition to the blank
body distortions, heat treating
causes a distortion of the indi-

that loses its

vidual teeth. The spiral angle
changes, the flank length cur-
vature is reduced and the pres-
angle changes. To
achieve the best results, atten-
tion has to be paid to process-
ing and handling of the parts

sure

through the furnace. Quench-
ing the ring gears with a
quench press assures good

i flatness of the heat-treated

gear distortion. The gear,

which is mostly shaped like a |

ring, loses its flatness (it gets a |
face run-out) via the harden- |

ing procedure. The pinion, in !
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ring gears, for example.
Hard Finishing of
Bevel Gears
The final machining opera-

tion after heat treatment
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should provide a good surface |
finish and remove flank dis- |
tortions. The most common |

process used is

lapping. |
Pinion and gear are brought |

into mesh and rolled under
light torque. To provide an |
abrasive action, a mixture of |
oil and silicon carbide is |

poured between the teeth |

(Figure 8). A relative move- |
ment of pinion and gear along |
their axes and a movement in |
offset direction is created,

such that the contact area

moves from toe to heel and |

back numerous times.
The lapping

. tion of equal parts. Building in |
process |

improves the surface finish, |
leaves a desirable micro-struc- |
ture on the flank surfaces and
removes heat treat distortions |
to some extent. The metal |
removal is not uniform in the |
different flank sections and |
varies from set to set, since the |

pinion and gear are used as |

tools to hard finish each other. |
This is the reason why lapped

sets have to be built as a pair; |

lapped pinions and gears are |
| motion is honing. Honing tri-

The lapping surface struc-
ture is not oriented in the |
direction of the contact lines, |
thus providing a good hydro- |

not interchangeable.

dynamic oil film between the
contact areas. The lapping

structure also tends to deliver |
side bands in a noise frequen- |

cy analysis, which makes the
gear set appear to roll more
quietly.

During the lapping process,

a pinion and a gear are always
machined and finished at the |

same time. The time to lap a
pair is equal to or shorter than
the time to machine one mem-

ber using another finishing
method. Therefore, lapping is |
often called the most econom- |

ical bevel
process.

www. powarfransmission.com =
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Another finishing option is !
grinding of bevel gears, which

is limited to face milled (sin- |

gle index) bevel gears. The
grinding wheel envelops a sin-
gle side or an alternate com-
pleting cutter (Figure 9).
Today's technology does not
allow the use of a grinding

tool in a continuous indexing |
process. The advantage of |

grinding is the manufacturing
of an accurate flank surface
with a predetermined topogra-
phy. The process allows the
constantly repeated produc-

pairs is not necessary.

Lapped pairs used in vehi-
cles require an oil change after
the first 1,000 miles because
of abrasive particles intro-
duced to the tooth surfaces
during lapping. A further
advantage of grinding over
lapping is that such an oil
change is unnecessary with
ground spiral bevel gears.

A process between lapping
and grinding with respect to
surface speed and relative

als on bevel gears have been
done, but they haven’t been
proven successful.

Skiving is a hard cutting
process. A tool material such
as carbide or boron carboni-

tride is used on the cutting |
edge. The cutting machine |
setup is identical to that for |

soft machining. The blade
point dimension is wider than
the one for soft cutting, such

that a 0.005-inch uniform |
stock removal per flank takes |

place. Skiving delivers a high

quality part accuracy and a |

fine surface finish. Skiving is

applied to small batches of |
mostly larger gear sets. The |
advantage of skiving is the use |

of the same cutter head (only

© with different blades) and the

coast side 26

Figure 10—Tooth contact analysis result of a conjugate bevel gear

set.
possible use of the same cut- |
ting machine. That makes the |
investment in machines and
tools a minimum.
Some Bevel Gear
Conventions _,
The expression “bevel |
gears” is used as a general
description for straight and |
spiral bevel gears as well as i
[

hypoid gear sets, If the axes of
the pinion and gear do not
intersect but have a distance in
space, the gear set is called a :
hypoid gear set. The name is |
derived from the hyperbolic |
shape of the “pitch cones.” For |
simplification, the blanks are '
still manufactured with a con- |
ical shape. |

The convex gear flank rolls |
with the concave pinion flank. |
This pair of flanks is called the |
“drive side.” The direction of
rotation where those flanks |
contact the pinion drives is |
called the drive direction. The
drive side direction is always
used in vehicles to drive the
vehicle forward. The reverse
direction is subsequently
called the coast side (vehicle
rolls downhill, foot is off the
gas pedal, wheels drive the
engine). In some cases, the |
coast side is used to drive the ‘
vehicle, but it is still called the |
coast side.

Ease-off is the presentation
of flank form corrections |

applied to pinion and/or gear.
The ease-off topography is
defined in the ring gear coor-
dinate system, regardless of

| where the corrections were
| done (pinion, gear or both).

Protuberance is a profile
relief in the root area of the
flank, which prevents flank
damage resulting from “dig-
ging in" of the mating tooth’s
top edge. Protuberance is real-
ized with a cutting blade mod-
ification.

Localized Tooth Contact

When bevel gear sets are
cut according to the crown

| gear or generating gear princi-
! ple, the result is a conjugate

pair of gears. Conjugate
means pinion and gear have a
line contact in each angular
position. While rotating the
gear in mesh, the contact line
moves from heel top to toe
root. The motion transmission
happens in each roll position
with precisely the same con-
stant ratio. Roll testing is done
in specially designed bevel
gear lest machines. If a mark-
ing compound (paint) is
brushed onto the flanks of the
ring gear member, a rolling in
mesh under light torque makes
the contact area visible. In the
case of a conjugate pair, the

| contact area is spread out over

the entire active flank. That is
the official definition of the
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Figure 11—Tooth contact analysis of profile crowning, iength crowning and flank twist.

contact area. It is the summa-
tion of all contact lines during
the complete roll of one pair
of teeth,

Conjugate bevel gear pairs
are not suitable for operation
under load and deflections.
Misalignment causes a high
stress concentration on the
tooth edges. To prevent those
stress  concentrations, a
crowning in face width and
profile direction is applied to
nearly all bevel pinions. The
amount of crowning has a
relationship to the expected
contact stress and deflections.

To analyze tooth contact
and crowning, computer pro-

grams for tooth contact analy- |

sis (TCA) were developed.
Figure 10 shows the TCA
result of a conjugate bevel
gear set. The top section of
Figure 10 represents a graphic
of the ease-off. The ease-off
represents the sum of the flank
corrections, regardless of
whether they were done in the
pinion or gear member. The

octoidal profile and curved
lead function are filtered out.
Therefore the ease-off is a
“flat™ zero topography for
conjugate gears. The tooth
contact is shown below the
ease-off. Tooth orientation is
indicated with “heel, toe and
root.” The coast and drive
sides show a full contact, cov-
ering the entire active working
area of the flanks. The lower
diagram in Figure 10 is the
transmission error. Conjugate
pairs roll kinematically exact-
ly with each other. That roll is
reflected by points on graphs
that match the abscissas of the
diagrams. Each point of those
graphs has a zero value (ZG-
direction), so they cannot be
distinguished from the base
grid. The base grid and graph
are identical and drawn on top
of each other. That character-
izes a conjugate pair of gear
flanks. The transmission graph
always displays the motion
variation of three adjacent
pairs of teeth,

To achieve a suitable flank
contact, today’s flank correc-
tions mostly consist of three
elements, shown in Figure 11.
Profile crowning (Figure 11,
left) is the result of a blade
profile curvature. Length
crowning (Figure 11, center)
can be achieved by modifica-
tion of the cutter radius or by a
tilted cutter head in conjunc-
tion with blade angle modifi-
cation. Flank twist (Figure 11,
right) is a kinematic effect
resulting from a higher order
modulation of the roll ratio
(modified roll) or cutter head
tilt in conjunction with a
machine root angle change.

The three mentioned flank
modifications can be com-
bined, such that the desirable
contact length and width, path
of contact direction and trans-
mission variation magnitude
are realized. The TCA charac-
teristics (contact pattern and
transmission variation) are
chosen to suit the gear set for
the expected amount of con-

tact stress and gear deflec-
tions. {
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I TECHNICAL CALENDAR

Falk Offers Workshops in 2001 for Gear Drives and
Couplings. Falk Renew Facility, New Berlin, WI. The Falk
Corp. is offering four-day, "hands-on" workshops to train peo-
ple about maintaining Falk gear drives and couplings through
The Falk School. The company is accepting registration for
2001 for the school. Scheduled throughout 2001, classes are
limited to eight students, with registration on a first come, first
served basis. For more information or to register for a work-
shop, contact The Falk School via www.falkcorp.com or via e-
mail at falkinfo@ falkcorp.com.

Chick Workholding Solutions Offers New Seminar. Chick
Workholding Solutions Inc. is offering a one-day seminar for
determining workholding solutions for CNC machining centers
for people involved in planning, setting up and operating such
centers. Held throughout 2001, the seminar consists of a lecture
and examples of various projects and techniques. For more
information on a seminar in your area, call Glee A. Jesteadt at
(800) 33-CHICK.

Jan. 16-18—Orlando 2001 Advanced Productivity Exposi-
tion. Orange County Convention Center, Orlando, FL. Located
in Hall D2, the machine tool and manufacturing exposition is
being held with technical courses focusing on manufacturing
technologies and processes. The exposition is sponsored by the
American Machine Tool Distributors' Association, AMT—The
Association For Manufacturing Technology, and the Society of
Manufacturing Engineers (SME). The courses are sponsored by
SME. For more information, visit the SME Website at
www.sme.org or call SME Customer Service at (800) 733-4763.

Feb. 20-22—SOUTH-TEC 2001 GREENVILLE: Advanced
Productivity Exposition. Palmetto Expo Center, Greenville, SC.
The exposition has been rescheduled to the above dates. The
exposition will include technical and business-related courses and
clinics about technologies and business topics. It is sponsored by
the American Machine Tool Distributors’ Association, AMT—
The Association For Manufacturing Technology, and the Society
of Manufacturing Engineers (SME). For more information, visit
the SOUTH-TEC Greenville Website at www.sme.org/greenville
or call SME Customer Service at (800) 733-4763.

March 26-29—WESTEC 2001: Advanced Productivity
Exposition. Los Angeles Convention Center, Los Angeles,
CA. The exposition will have the Annual Job Shop Pavilion
and the new Rapid Prototyping and Tooling Pavilion. It will
also have a series of technical and business-related courses
and clinics addressing technologies and business topics. The
exposition is being sponsored by the Society of
Manufacturing Engineers (SME), the American Machine Tool
Distributors’ Association and AMT—The Association For
Manufacturing Technology. For more information, visit the
WESTEC Website at www.sme.org/westec or call SME
Customer Service at (800) 733-4763.

April 7-8—RUSME Student Robotic Challenge 2001. Robert
Morris College, Pittsburgh, PA. The event is a robotics automa-
tion contest for students in North America and is sponsored by
Robotics International of the Society of Manufacturing
Engineers (RI/SME). For more information, visit the SME
Websites at www.sme.org or al www.manufacturingiscool.com.
Or, contact Katie Ferrell at ferrkat@sme.org or at (313) 271-
1500 ext. 1704,

April 23-28—HANNOVER FAIR 2001: World's Leading
Fair for Industry, Automation, Innovation. Hannover
Fairgrounds, Hannover, Germany. The exhibition program will
consist of factory automation; I'T/software; power transmission
and control; compressed air technology, factory equipment and
tools; subcon technology: energy; research and technology. The
U.S. project team includes Brad Miller, Ellen McDevitt and
Ingrid Abell at Hannover Fairs USA Inc., 103 Carnegie Center,
Princeton, NJ 08540, Phone: (609) 987-1202, Fax: (609) 987-
0092, E-mail: hannoverfair@ hfusa.com.

April 26-28—Precision Machining Technology Show
(PMTS) 2001. Greater Columbus Convention Center,
Columbus, OH. The show is meant for screw machine product
producers and their suppliers and will feature the latest technol-
ogy in the precision machined products industry. Products on
display will include the latest single- and multi-spindle turning
machines and turning centers, CNC machining centers and pro-
ductivity enhancements. There will be a Computer Technology
Pavilion with job shop software, There will also be technical ses-
sions meant to help manufacturers streamline operations,
increase productivity and reduce costs. The show is sponsored by
the Precision Machined Products Association, as well as Modern
Machine Shop and Production Machining magazines. For more
information, people can visit www.mmsonline.com/pmts or call
Michelle Jenkins at (800) 950-8977.

April 28-May 1—American Foundry Society 105th Casting
Congress. Hyatt Regency DFW, Dallas/Fort Worth, TX. The
international show will include educational sessions and tabletop
exhibits and provide a forum for exchanging metalcasting infor-
mation and technology. For more information, contact Steve
Robison, the society's casting congress coordinator, at 505 State
St., Des Plaines, IL 60016, Phone: (800) 537-4237 or (847) 824-
0181, Fax: (847) 824-7848.
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Welcome to our Software
Bits page. Here we feature
new software products for
and testing. To get more infor-
mation on these items, please
Number shown. Send your
new product releases to:
Gear Technology, 1401 Lunt
Avenue, Elk Grove Village, IL
60007, Fax: 847-437-6618.
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Online Gear Training from UTS

Universal Technical

its basic and advanced gear training cur-

riculum, which the company has used in
its in-person gear training programs |

since 1985.

“What we have learned is that for
people who have not worked with gears |
before, getting a good understanding of |

the fundamentals and developing mean-
ingful insights into how various parame-

ters impact the gear performance takes
quite some time,” says UTS president |
S.M. “Jack™ Marathe. “That results in
increased design time, and frequently the |
company is unable to come up with the |

best designs for their needs.”

The online training begins with gear |
basics such as the involute curve, how |

Systems of
Rockford, IL, has introduced Web-based |
training for gear designers based on its |
popular line of gear design software and

it’s generated, and basic gear terminolo-
gy. Students proceed through an exami-
nation of the interaction of such factors
as base, pitch, outside and root diame-

ters; line of center and line of action;

pitch point and base pitch: addendum

- and dedendum; working and whole

depth; pressure angle; clearance; and
backlash.

At the advanced level, students work
with actual design examples, such as an
electric motor driving a fan and a tur-
bine/alternator reduction gear.

The online gear models are interac-
tive, with both static and animated
graphics. The student is able to see
immediately how changes in various
parameters affect gear performance. “A
person sitting at his terminal, wherever
he is, can change one parameter and see
the effects on the fly,” says Marathe.

UTS will offer two courses—
Fundamentals of Gearing and Funda-

. mentals of Plastic Gear Design—on its

Website in the first quarter of 2001.
Circle 321

New Gear Analysis

Software Package
Manufactured Gear & Gage of Elgin,
IL, announces the release of its new soft-

ware package for gear measurement and
process control. The software is designed
to work with Manufactured Gear & Gage's
high-speed automatic and bench-top com-
posite double-flank gear roll testers.

The Windows-based software runs on
a personal computer to provide a diagnos-
tic interface to the data acquisition
process. The software also includes a cus-
tomizable database for user configuration
of test data, part data, master gear and set-
ting master data and parameters.

SOFTWARE BITS |

The Manufactured Gear & Gage soft-
ware includes a variety of modules for

. center distance and lead/taper station tests.

Results can be stored and analyzed for
automatic calibration, master gear subtrac-

| tion and statistical process control, includ-

ing gage repeatability and reproducibility.
For more information about the new
software, contact Manufactured Gear &
Gage at (630) 377-2496 or send e-mail
messages o mgg3 @ microthought.com.
Circle 322

Plastic Gear Design
on the Web

Universal Technical Systems of

| Rockford, IL, has developed Preliminary
| Plastic Gear Sizin g, a Web-based program
' for the preliminary design of plastic gears,
| The online tool was developed for Ticona,

a manufacturer of plastic materials from

| Summit, NJ, and UFE, a plastic gear man-

ufacturer in Stillwater, MN.,

The application was designed for UFE
and Ticona customers, who may not have
the experience or software in-house to
develop plastic gear designs without help.
Preliminary Plastic Gear Sizing runs on
an ordinary Web browser, without the
need to download special software. The

| customer assumes control of the transac-

tion and does the design over the Web,
saving design time and lead time. The ven-
dor saves cost and gets a more complete
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customer design requirement right away.

The application asks the user to accept
default data or enter data of his own for
such parameters as pinion speed, torque,
safety factor, gear ratio, helix angle and
operating temperature,

The online application takes the user's
input data and performs calculations
based on UTS software. UTS has lever-
aged two of its key technologies—TK |
Solver and RuleMaster, a rules engine for |

the Web—in the development of the prod-
uct. TK Solver is the environment in
which the gear design model is run.

610, Plastic Gear Geometry and Load
Analysis.

The preliminary design data are dis-
played in another browser screen. If the
| user chooses, the data can be packaged in

CIRCLE 116
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RuleMaster is used to mount the model :-
. on the Web. The application uses formu- |
las from UTS’s gear design program 60- |

\ a separate report form that can be printed.
| The interface includes links to the Ticona,
| UFE and UTS Websites.

Circle 323

Change Gear Finder

Helixware Software of Savannah, GA,
introduces its Change Gear Finder soft-
ware, used for finding the index and feed
gear trains needed to cut helical gears
using the nondifferential method on both
differential and nondifferential hobbing
machines.

Change Gear Finder is a 32-bit pro-
gram for Windows 95/98/NT and
Windows 2000 that finds the most accu-
rate change gears based on user input.

The user enters various information,
such as the index and feed constants for
the gear hobber, the hob's number of
leads and the gear’s normal pitch, helix
angle and number of teeth. Then the pro-
gram solves for the best combination of
change gears based on the change gears
available from the user’s inventory.

According to Helixware, the software
finds a solution in about a minute on
Pentium II or faster machines.
| Additional information and an evalua-
| tion version of the software are available
| at www.helixware.com.

Circle 324

Zontec Offers SPC
Program for $999
Zontec has a 32-bit, entry-level SPC
program for $999: Synergy 2000 LE. The
. program provides real-time operation on
| Windows 95, 98, and NT, as well as
| 2000-based personal computers and
| local area networks,
. People can use Synergy 2000 LE 1o
| combine attribute, variable and pareto data

www.powertransmission.com
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with samples of up to 25. Also, they can
tive actions using two notes fields.

can be customized, can create reports
with up to eight charts per page, can

devices, and has integrated messaging.

Website at www.zontec-spc.com or by
phoning Zontec at (800) 955-0088 or
(513) 648-0088.

Circle 325

New Software Feature Lets
CMMs Intuit Desired
Measurement
International Metrology Systems Inc.

has a new software feature that lets a

CMM intuitively decide desired measure- |
ment without operator input. A developer |

software,

of CMMs
International Metrology made available

and measuring
the Smart Measure feature in Virtual
DMIS CMM software.

Built into the software with algorithms,
the feature lets a user touch a part with the

probe, and Virtual DMIS does the rest E

Smart Measure is valid for point, line,
plane, circle, cylinder, cone and sphere and
is active on both manual and CNC CMMs.

Smart Measure enables prismatic fea-
tures to be inspected without traditional
personal-computer Also,
when used on articulated arm CMMs, the

interaction.

feature makes it significantly easier to |

operate those devices,
International Metrology.

For more information, contact Keith
Mills, International Metrology Systems

Inc., 37100 Plymouth Road, Livonia, Ml

www.powertransmission.com »

in one databank and to contain processes |
trace using 12 ID fields and record correc- |

The program has screen displays that |
receive direct input from measurement

A demonstration program can be |
obtained by downloading it from Zontec's |

according to |

S romn rh 0909090909090
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48150, Phone: (734) 591-3800, Fax: (734)
591-3850, E-mail: mills@dmis-cmm.com.
Circle 326

to provide a solution for accurately simu-
lating complex curvature parts using lig-
uid composite manufacturing techniques.

Liquid composite molding (LCM)
includes manufacturing processes that
involve injection of resin into a mold

Software Accurately
Simulates Resin Flow in a Mold,
Companies Say

Composite Design Technologies Inc.
and

cavity filled with fibrous reinforcement,
eliminating prepreg tape manufacture
and layup.

Process Performance CDT and L3P's solution consists of

Liquid

Prediction Inc. announced they teamed up ! two connected programs. FiberSIM is

Manufacturing
Technologies '
For The 21st "

Century

AH-64
Longbow Apache
Attack Helicopter

Main Rotor
Transmission

586 Hilliard Street, PO. Box 1898, Manchester, CT 06045-1898 U.S.A.
Telephone: 860 649-0000 = Fax: 860 645-6293
Home Page: http:/iwww.purdytransmissions.com
E-Mail: sales@purdytransmissions.com

© 1998 THE PURDY CORPORATION
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CDT's CAD integrated composite design
software, and LCMFLOT is L3P's mold fill-
ing analysis software. According to the two
companies, the programs are connected so
companies using this composite manufac-
turing method can more accurately simulate
the flow of resin through a mold without the
expense and time involved in building and
testing a prototype mold.

With information from FiberSIM,
LCMFLOT simulates the mold filling

process more accurately today, the com-
panies say, because porosity variations
can now be taken into account. Besides
calculating spatial variations in porosity,
LCMFLOT was devised to integrate time
variations in porosity because of com-
pressing of the reinforcement, opening of
the mold during injection, and other fac-
tors. LCMFLOT also takes into account
resin race tracking around the mold
edges, variations of resin viscosity with

A/W Systems Co. announces that it is now a
manufacturing source of spiral gear roughing
and finishing cutters and bodies.

We also can manufacture new spiral
cutter bodies in diameters of 5" through 12"
at present.

A/W can also supply roughing and finishing
cutters for most 5°-12" diameter bodies.

Whether it's service or manufacturing, con-
sider us as an alternative source for cutters
and bodies.

You'll be in for a pleasant surprise.

NEW! Straight Bevel Cutters.

NOW
U HAVE

THER CHOICE ...

and it's made in AMERICA!

Tel: (248) 544-3852 * Fax: (248) 544-3922

Royal Oak, Michigan 48067
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time and temperature, resin chemical
reaction, and curing.

CDT develops software solutions for
composite design and manufacturing.
L3P provides commercial software used
in composite manufacturing to simulate
resin injection through fibrous reinforce-
ments,

For more information about FiberSIM,
contact Composite Design Technologies
Inc. at (781) 290-0506 ext. 300 or visit
the company's Website at www.cdt.com.
For more information about LCMFLOT,
call (514) 843-1761 or visit the compa-
ny's Website at www.[3p.gc.ca.

Circle 327

Tec-Ease Provides Electronic
Version of ASME's GD&T Standard

Tec-Ease Inc. announced the release of
an electronic version of the ASME
Y14.5M-1994 Standard on geometric
dimensioning and tolerancing (GD&T):
Y14.5M-1994 Standard-Ease.

A provider of educational materials
about GD&T, Tec-Ease describes the ver-
sion as user-friendly, letting a person
quickly find the text and graphics that fit
his applications. Using a mouse, he can
click on a figure referenced in a para-
graph or a paragraph referenced in a fig-
ure. The desired figure or paragraph will
appear in a separate viewing window.

The version includes other features:

* hotlinks of GD&T terms, paragraphs
and figures;

* full search capability, which finds every
occurrence of a term;

* split screen of text and graphics;
.« pop-up definitions;
¢ = an index;

= ability to zoom in on a graphic to see

| greater detail;
| = previous and next arrows available on
| graphics and text.

|
[ T T
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A demonstration program can be
downloaded from Tec-Ease's Website at
www.tec-ease.com. For more information,
call (888) 832-3273.

Circle 328

SolidWorks Has New Product for

Making 3D, Interactive Websites

SolidWorks Corp. announced Sept. 25

a new product for creating Web pages
with 3D, interactive content: 3D Instant
Website. A provider of 3D CAD software,
SolidWorks described the new product as
allowing "users to publish interactive 3D
images with a single mouse click."
i The product has templates for publish-
- ing SolidWorks designs. The customiz-
able templates and style sheets use stan-
dard XML and XSL conventions to define
the Web pages' information and presenta-
tion. Also, 3D Instant Website supports
several standard, 3D interactive viewing
formats, including eDrawings, CATWeb,
Metastream and RealityWave.

For more information and a product
demonstration, call SolidWorks at (800)
693-9000 in America or (978) 371-5000
outside America. For an online demon-
stration, people can visit SolidWorks'
Website at www.solidworks.com.

Circle 329
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LeCOUNT

EXPANDING MANDRELS

THE ANSWER FOR 150 YEARS.

LeCOUNT, Inc.

12 Dewitt Dr. » PO Box 950 * White River Jct., VT 05001 U.S.A.
Tel: (800) 642-6713 or (802) 296-2200 = Fax: (802) 296-6843 E-mail: lecount@sover.net
Website: http://www.lecount.com (includes product specifications)
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CORRECTION

The following companies’ contact information did not appear correc

in our annual buyers

guide, which appeared in the November/December 2000 issue. We apologize for any inconve-
nience to the companies and their customers. The corrected addresses appear below.

Acme Gear Company
130 West Farest Avenue
PO, Box 779
Englewood, NJ 07631
Phi (201) 568-2245
Fax: (201) 568-0282
Jame s @ gemegear.com
WL IR EOE O

ACR Industries, Inc

15375 Twenty-Three Mile Rd
Macomb, M1 48042

Ph: (810) 781-2800

Fax: (810) 781-0152
wieweacringd com

Becker Gearmeisters Inc
235 Hamison Ave.
Miller Place, NY 11764
Ph: (BO0) 423-2537

or (631) 821-3967

Fax: (63]) B21-3870
EGB4Gears@aol.com

The Cincinnati Gear Company
5657 Wooster Pike

Cincinnati, OH 43227

Ph: (513) 271-7700

Fax: (513) 271.0049

saley® cintigear.com

Clarke Gear Co

058 Lankershim Blvid
North Hollywood, CA 91605
Ph: (B18) 768-06590

Fax: (B1B) 767-5577
clarkegear@ carthiink net
www.clarkepear com

Commercial Steel Treating Corp.
31440 Siephenson Hwy.
Madison Heights, M1 48071

Ph: (248) SBS-3300

Fax: (248) 588-3534
www commercialsieel com

D.A. Stuan Co ¥
4580 Weaver Pm:‘;-
Warrenville, 11 60555
Phe (630) 393-0833
Fax: (630) 393-0834

wwnd -a-shaart.com

lin_!:lmtd Heat Treat, Inc
31271 Stephenson Hwy.
Madison Heights, M1 48071
Ph: (248) S88-5141

Fax: (248) S88-6533

www, ehtine.com

Fairfield Manufacturing Co. Inc.
U.S. 52 South

PO. Box 7940

Lafayetie, IN 47903-7940

Ph: (765) 7724000

Fax: (765) T72-4001

sales® fairfieldmiy com

www fairfieldmfy. com

General Broach & Engincering, Inc
503125 Patricia

Chesterfield, M1 48051

Ph: (B10) $98-7594

Fax: (B1() 9459-8007

Hullop @ uei-mackingtool com

www peneralbroach com

Laser Machining, Inc

500 Laser Drive

Somerset, W1 54024

Ph: (715) 247-3285

Fax: (T15) 247-5650
thvenson @ lasermachining com
www lasermachining. com

LMT-Feite

18013 Cleveland Pkwy, Suite |80
Cleveland, OH 441135

Phi (800) 225-0852

or (216) 377-6130

Fax: (216) 377-0787
Imtfere @ Imtfette.com

www, letferte.com

OSU-Gearl.ab

The Ohio Stme University
206 West 18th Avenue
Caolumbus, Ohio 43210
Phe (614) 292.5860

Fax: (614) 292-3163
bouser4 @ osuedu

Precipart Corp

90 Finn Court
Farmingdale, NY 11735
Phe (631) 694-3100
Fax: (631) 654-4016
saley®@ precipart.com
WWWLPRECIPAre com

Precision Gears, Inc

N13 W24705 Bluemound Rd
Pewaukee, W1 53072

Ph: (262) 5424261

Fax: (262) 542-1592
preary@ execpe com

WWW PITCLIIOARRGTY com

Spline Gauges Lid
Piccadilly Kingsbury Near
Tamworth, Staffs. BT8 2ER
England

Ph: (44) 1827-872771

Fax: (44) 1827-87412%
wivw. splinepauges. co.uk
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COMPONENT GEAR
MANUFACTURING

Literature available from The
Cincinnati Gear Company pro-
vides information covering its
facilities and expertise in com-
ponent gear manufacturing,
including hobbing and cutting,
grinding, turning, boring,
milling and inspection. The
brochure includes product pho-
tos and specifications, as well
as manufacturing capabilities.

CIRCLE READER SERVICE #149

DURA-BAR

Continuous cast iron from Dura-
Bar performs like free-machin-
ing steel but with 10% less
weight. And Dura-Bar's superior
noise and vibration damping
characteristics make for quieter
running gears. Available in diam-
eters from 5/8"-20" and lengths
of 6-20". Contact Dura-Bar for
the latest data on gear noise.

Phone: 800-227-6455

Fax: 815-338-1549

E-Mail: sales@dura-bar.com
Internet: hitp://www.dura-bar.com
CIRCLE READER SERVICE #174

LITERATURE MART

GLEASON INTRODUCES
THE ELECTRONIC
GUIDE SHAPER

Small-lot helical gear produc-
tion will never be the same with
the New GP300 ES Revolu-
tionary  Electronic  Guide
System. Users of the GP300 ES
Gear Shaper can increase their
chipmaking time by eliminating
the need to change guides for
new workpiece leads.
For more information, contact:
The Gleason Works
716-473-1000

CIRCLE READER SERVICE #154

FUTRNY 07 LENUALEREN 08 WEAE TREL SAVERARTRRINY
FUNTACRE CTNTREENT WITE PERAIRAE Ve N84T
FURPRRRAREE ABE ETTOOIENT A1 VRL IARITE LRI

INDUSTRY LEADER IN
GEAR DEBURRING
Standard and custom deburring
solutions for gears ["—100+".
Manual load to fully automated
systems available. Send us your
sample parts for debumring and a

recommendation.

OLS

1231 W, Bagley Rd.

Berea, OH 44017

Phone: (440) 243-6251

Fax: (440) 243-6568

Email: info@olsmachine.com
Website: www.olsmachine.com
CIRCLE READER SERVICE #147

GLEASON CUTTING
TOOLS CORPORATION

A full color catalog showing the
product capabilities of our world-
wide and Loves Park, Illinois
facilities, We manufacture high-
speed steel and carbide hobs,
shaper cutters, shaving cutters,
bevel blades, form cutters, CBN
wheels and thin film coatings.
Heat-treat, resharpening and
recoating services are available.
Gleason Cutting

Tools Corporation

Telephone 815-877-8900
E-mail: gcte @ gleason.com
CIRCLE READER SERVICE #153

METRIC GEARS
NEW 456-page catalog features
technical specs for over 3400
standardized metric gear compo-
nents: spur, helical and internal
gears, straight and helical racks,
straight and spiral bevel gears,
worm and worm gears, and more
in modules 0.5-10.

Quality Transmission
Components

2101 Jericho Tpk, Box 5416
New Hyde Park, NY 11042
PHONE: 516-437-6700

FAX: 800-737-7436

WEB: http://www.qtcgears.com
CIRCLE READER SERVICE #144

ADVERTISING SECTION

AUSTEMPERING
IMPROVES MATERIAL
TOUGHNESS
Qur 8-page brochure is an infor-
mation-packed guide to the
Austempering process, a high
performance heat treatment for
ductile iron, gray iron, and steel
for improved toughness, wear
resistance, and fatigue strength.
Learn how to boost product per-
formance, and reduce costs,
Call Applied Process, Inc.,

734-464-2030 or visit

hitp://www.appliedprocess.com
CIRCLE READER SERVICE #169

(11]
frerima

| METROLOGY SYSTEMS

M&M metrology systems are
designed for universal applica-
tion and ease of operation-mak-
ing them ideal for a wide range
of inspection and process con-
trol tasks. This brochure
describes how they employ
generative motion via linear
interpolation for lead and invo-
lute measurement. M&M soft-
ware can be used on remote or
networked PC's for SPC study
or data entry. For a free copy,
call 937-859-8273 or fax
037-859-4452.

CIRCLE READER SERVICE #152
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LITERATURE MART
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NEW GEAR MACHINES
Basic has more than 70 models of
gear hobbers, shapers and
shavers, as well as bevel gear
generators, gear lesters, worm
millers and other gear machines.
Manual, automatic and CNC gear
machines are available.

Basic Incorporated Group
P.O. Box 36276

Los Angeles, CA 90036
Phone: (323) 933-7191

Fax: (323) 933-7487
wolf@basicmachinetools.com
www.basicmachinetools.com

CIRCLE READER SERVICE #157

STAR BRIDGE HOBS

Bridge Hobs are the latest inno-
vation from Star Cutter Co., the

world leader in carbide hobs.

These high precision tools close

the gap between solid carbide

and traditional high speed steel

and can be used in wet or dry

cutting operations.

Starcut Sales, Inc.

23461 Industrial Park Drive,

Farmington Hills,

MI 48335-2855

Phone (248) 474-8200

Fax (248) 474-9518

or visit www.starcutter.com,
CIRCLE READER SERVICE #146

INDUCTION FIXTURES
The LR-PAK data sheet de-
scribes induction lift rotate fix-
tures useful for heat treating
parts such as transmission O.D.
races, |.D. cams, hubs, spindles,
C.V. joints and gears. LR-PAKs
are completely assembled and
interconnected.
Ajax Magnethermic Corp.

1745 Overland Avenue
Warren, OH 44482
800-547-1527 » Fax: 330-372-8608
E-mail: gjaxsales @ajaxmag.com
wwwW.ajaxmag.com

CIRCLE READER SERVICE #182

SELL GEARS ONLINE
The Power Transmission Home
Page™ is the Web's leading
directory of power transmis-
sion manufacturers and suppli-
ers. Hundreds of buyers visit
www.powerfransmission.com
each day to find the right manu-
facturers for their jobs. Call
(847) 437-6604 to find out how
inexpensive and effective Inter-
net marketing can be. Mention
this ad and receive a FREE
bonus page of advertising with
your order!

CIRCLE READER SERVICE #360

atched
CAJRDITES:

Unmatched

eqfutions..

* DEM Gear Hobbers
* DEM Gear Grinders
* 0EM Hob Checkers
* Gear Manufacture
* Gear Seminars
* Gear Software

* Remanufacture/Retrofit/
Recondition/Repair of Your
Barber-Colman Hobber/Shaper/
Hob Sharpener/Hob Checker

* Parts/Field Service for
Barber-Colman, Ferguson
and Bourn & Koch Products

CIRCLE 183

GEAR TECHNOLOGY

The Journal of Gear Manufacturing 1

COMPLETE INDEX
OF PAST ARTICLES
1984 - 2000

AVAILABLE ONLINE

www.geartechnology.com
* SEARCH BY SUBJECT
* ORDER BACK ISSUES
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Manufacturing Technologies
Contribute Almost $1 Trillion to
Economic Progress, Study Says
The Association For Manufacturing

Technology released a new study which
concluded that machine tools and related
advanced manufacturing technologies
contributed nearly $1 trillion to the coun-
try's economic progress during the past
five years.

explains why the growth in durable
goods-producing industries is not the full
measure of the benefits associated with
advanced manufacturing technologies.

“Machine tools and technologies
other than computers and microproces-
sors receive inadequate credit for
America’s prosperity,” said the study's
author, Joel Popkin of Joel Popkin and
Company, Washington, D.C.-based eco-
nomic consultants.

“For the last several years, a puzzling
gap has existed between what traditional
economics was telling us about produc-
tivity and what the economy has actually
done,” said Association President Don F.
Carlson. “This study allows us to see the
light. Moreover, because it is focused on
only the manufacturing technology
industry, this study may well be only the
tip of the iceberg. It is likely that other
manufacturing industries have a similar
tale to tell.”

According to the study, productivity
gains in manufacturing fostered other
benefits:

* Gains in labor productivity in the
durable goods industry created an extra
$618 billion of output (in 1996 dollars)
during the 19921998 period.

* Those producers saved $25.3 billion in
carrying costs between 1992 and 1997
because of a decline in inventory require-
ments per dollar of sales attributable to
advanced manufacturing processes.

* Eight key industries—including metal
foundries, fabricated structural metal and
other industrial machinery—saved a

combined total of $24.3 billion in payroll |
costs in 1997 alone—and $80 billion '

INDUSTRY NEW'S |

between 1992 and 1997—because of ! increase. September's consumption was

productivity increases.
* The gains saved slightly more than

$100 billion in the cost of consumer |
. percent increase compared with the same

durable goods from 1996 to 1999,
* Consumers are saving billions from
product quality improvements, like cars
with higher fuel efficiency, which saved
$50 billion in 1999.

Also according to the study, many

The study, Producing Prosperity— people have benefited from the advances,

Manufacturing Technology's Unmeas- | including:

ured Role in Economic Expansion, | * Manufacturers, who make higher-qual-

ity products faster and at lower cost;
+ Consumers, who pay less for higher
quality goods that perform better and last
longer; and
* Workers in the manufacturing sector,
who acquire new skills and earn higher
real wages.

People can get a copy of the report by
downloading it from www.mfgtech.org.

Machine tool consumption goes
up 19 percent in September,
Associations Say

U.S. machine tool consumption
increased 19 percent in September, o an
estimated $581 million, according to the
American Machine Tool Distributors’
Association and The Association For
Manufacturing Technology.

That increase was compared with the

| revised estimate of $487 million for

August. September's estimated total was
also an increase of 9 percent compared
with the estimated $531 million for
September 1999. For the year-to-date,
consumption was an estimated $4.5 bil-
lion, up 3 percent compared with the
same period in 1999,

Those estimated figures were extrap-
olated from data submitted by companies
participating in the United States
Machine Tool Consumption report.

Also, U.S. machine tool consumption
was broken down into five regions, The
regional figures are based on actual data
from the report's participating companies
and are as follows:

Northeast Region—Consumption rose
from $49.4 million in August to $68.05
million in September, a 37.7 percent

up 10.5 percent compared with last
September. For the year-to-date, con-
sumption totaled $543.95 million, a 10.2

period in 1999,

Southern Region—Consumption rose
from $49.51 million in August to $52.93
million in September, a 6.9 percent
increase. But, September’s consumption
was down 11.2 percent compared with
last September. For the year-to-date, con-
sumption totaled $500.67 million, a drop
of 0.1 percent compared with the same
period in 1999,

Midwestern Region—Consumption
rose from $146.06 million in August to
$171.94 million in September, a 17.7
percent increase. But, September's con-
sumption was down 2.8 percent com-
pared with last September. For the year-
to-date, consumption totaled $1.26 bil-
lion, a drop of 10.1 percent compared
with the same period in 1999.

Central Region—Consumption rose
from $60.74 million in August to $76.19
million in September, a 254 percent
increase. September's consumption was
up 14.3 percent compared with last
September. For the year-to-date, con-
sumption totaled $558.69 million, a 5.2
percent increase compared with the same
period in 1999.

Western Region—Consumption rose
from $64.35 million in August to $§72.17
million in September, a 12.2 percent
increase. September’s consumption was
up 84.6 percent compared with last
September. For the year-to-date, con-
sumption totaled $516.68 million, a 50.9
percent increase compared with the same
period in 1999,

Philadelphia Gear Announces
Reorganization Plan

Philadelphia Gear Corp. announced
Nov. 10 that it is reorganizing ils manu-
facturing and service operations.

The reorganization is part of the com-
pany's nationwide strategic plan. Under
its plan, the company will be closing its
Philadelphia manufacturing plant, but it
will expand its four regional service
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centers to include engineering and |
manufacturing capabilities and will |

open a fifth center.

A manufacturer of large, high capacity |
precision gears, Philadelphia Gear has |
centers in Chicago, Houston, Los Angeles

and Newport, DE. The fifth center will
open in Birmingham, AL, in 2001. Also,

the company will move its Newport cen- |

Rooney said.
"Our strategic plan, which we've been

implementing over the past few years, is |

ter to nearby New Castle, DE.

designed to help reduce lifecycle costs
for power transmission equipment for
our customers,” said Gerry Rooney,
Philadelphia Gear's president and CEO.

"Qur facilities, which are in close prox- |

imity to most of our customers, will

allow us to maximize our levels of sup- |

port and service."
Philadelphia Gear also announced
that it will move its gear manufacturing

INDUSTRY NEWS

operation from King of Prussia, PA, toits |

Los Angeles operation. Key administra- :
i tion, MIS, sales, support and engineering

personnel will move to new offices in
Norristown, PA.

“Internet technology allows us to put |
our operations near the customer, yet |
i have real-time access to our world-class

engineering staff in Norristown,"

Timken Company to Sell UK.
Tool and Die Steel Operations

Timken Company announced Oct. 17 |

that it intended to sell the tool and die steel

. operations of Timken Latrobe Steel— |

Europe to a group of private local
investors. According to Timken, the buyers |
intended to continue the business, offering |

customers a full range of products.
Having signed a letter of intent to sell,
Timken said it has started consultations

for transferring the Sheffield, England-
based tool and die steel operations.
Timken added it would refocus its grow-
ing high-speed steel business in the
United Kingdom as part of Timken
Desford Steel's operations.

The sale of the tool and die steel
operations was expected to be complete
by the end of the year. §

Fassler Corporation
131 W. Layton Avenue, Suite 3
Milwaukee, WI 53207

Phone (414) 769-0072

Fax (414) 769-8610

E-mail: fassler@execpc.com

Fassler

www.faessler-ag.ch

\

www. powerfransmission.com »
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M&M Snlullnns .. Bevel, Spiral Bevel, Hypoid Gears

; fllk‘ ..

¥ ’

Talk with an Expert
Call: (937) 859-8273; fax: (937) 859-4452;
e-mail: info@mmprecision.com. Or visit
Wwww.mmprecision.com.

M Q‘E:;:ﬁgﬂlﬂ

“THE METROLOGY & MOTION PEOPLE™"

150
001 © 2007 M&M Pracision Systems Comorafion

M&M's Simple Solution to complex shapes  your inspection, analysis and process
means that cross-axis gear inspection just  control needs.

ot easy. Here’s fiow: Flexibllity: Quick-changeover 30 and LVDT
Process Simulation: “Virtual cutting® probes handle complex gears with

slashes development and setup time. You unmatched accuracy

see...and correct...machine tool setting
effects before you cut the first gear.

No Programming: Easy application-specific
software and correction modules meet all
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PRODUCT NEW S

Welcome to our Product News page. Here we feature new products of interest to the gear and gear products markets.

To get more information on these items, please circle the Reader Service Number shown. Send your new product releases
to: Gear Technology, 1401 Lunt Avenue, Elk Grove Village, IL 60007, Fax: 847-437-6618.

Inductoheat Announces New
Stationary Process for Hardening
Crankshafts

Inductoheat Inc. announced its new

stationary hardening process for crank-
shafts that doesn't involve crankshaft
rotation.

A manufacturer of induction heating

equipment, Inductoheat said the system |
hardens and tempers V8, V6 or 4-cylin- |
der crankshafts in one quarter of the floor
space of traditional systems—while pro- |
viding four times the tooling life. |
According to Inductoheat, the system’s |
other advantages include low cost, low |
part distortion, maintainability, modular |
tooling, offline part qualification, relia- |
| CMMs.
For more information, call 248-585- |

bility and simple operation.

9393 or visit Inductoheat's Website at
www.inductoheat.com.
Circle 335

Brown & Sharpe Has New CMMs
with Single-point Probing, High
Speed Scanning
Brown & Sharpe announced it has

(CMMs).
The CMMs can be equipped with dif-

range of measurement and inspection

set up, process control and storage.

www.powerlransmission.com =

| (800) 766-4673, Fax: (401) 886-2552,

| measuring ranges from X 900 millime- |
| Renishaw Inc., Phone: (847) 843-3666,

ters, Y 1200 millimeters, Z 800 millime- |
ters to X 1200 millimeters, Y 3000 mil- |
limeters, Z 800 millimeters.

For more information, contact Brown |
& Sharpe, 200 Frenchtown Road, North
Kingstown, RI 02852-1700, Phone:

Web: www.brownandsharpe.com.
Circle 336

Renishaw Offers New Universal
CMM Controller

Renishaw has a new UCC 1 universal |

CMM controller best suited for OEM |

and retrofit applications on a variety of

Renishaw said the new controller |

optimizes the CMM/probe interface for |
maximum part check speed and accura- |
cy and combines a super-fast scanning
capability with easy-to-install, easy-to- |
use operation to boost inspection effi- |
:: ciency and throughput. |

Using the controller, speeds greater |

| than 300 mm/sec. (12 inJ/sec.) can be .
| achieved. Also, in tests using a CMM |
combined single-point probing and high |
speed scanning in its new Global series |
of coordinate measuring machines |

with a Renishaw SP600M scanning
probe, a 100 mm (4 in.) ring gage was
scanned at 100 mm/sec. (4 in./sec.) with

. a resulting form deviation of less than 2
| pm (0.00008 in.).
ferent sensors and software for a wide |

The UCC 1 supports a range of CMM

| probe systems, like conventional touch-
tasks, including first piece inspection, lay- |
out inspection, reverse engineering, tool |

trigger; strain gage and laser probes;
manual and motorized probe heads;

probe and stylus changers; and the servo
Global CMMs are available in two |
configurations, status and image, with |

positioning systems,
For more information, contact Denis !

Zayia, CMM products manager, at

Fax: (847) 843-1744.
Circle 337

Heartech Precision Announces
Press Fit Tooling

Heartech Precision Inc. announced
Nikken Press Fit tooling. HPI said the
tooling allows for deep cavity, die/mold
and standard end mill fixturing that is less
expensive than conventional shrink fit
setups, with tooling changeovers possible
in as few as ten seconds.

With the Press Fit system, clearance is
uniform, runout accuracy is less than 3
microns and direct face contact is made
and maintained. Also, the system has
0.01 taper and bumper pin technology,
which HPI said provides unmatched grip-
ping torque. Heartech added that those
features create much greater cutting capa-

| bility, especially in deep cavity and

die/mold applications.
For more information on the Nikken
tooling system, contact Preben Hansen,

| national sales manager, at Heartech

Precision Inc., 1299 Lumt Ave., Elk

Grove Village, IL 60007-5617, Phone:
(847) 593-6000, Fax: (847) 593-6005,
Website: www.hpi-heartech.com, E-mail:
sales@hpi-heartech.com.

Circle 338
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Unite-A-Matic

TRUE DIMENSION GEAR INSPECTION

Provides actual over
ball/pin measurment
of any helical or spur
gear or spline without
the need of costly
setting masters.

Prowvides vital S.P.C.
information.

CAPACITY:
Gage Division 9" 0.D.

United Tool Supply 8"LD.

851 OHIO PIKE = CINCINNATI, OHIO 45245 = (513) 752-6000 « FAX (513) 752-5599

CIRCLE 103

COMING SOON: FOCUS ON HEAT TREATING

CALL PAT FLAM AT (847) 437-6604

or e-mail patricia@geartechnology.com
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CLASSIFIEDS

SERVICE

Induction Hardening
Specialists in Tooth by Tooth
Contour Hardening of Internal
Spur, helical and bevel gears

Our gear hardening equipment
includes 5 NATCO submerged
process machines and 5 AJAX
CNC-controlled gear scanning
machines. Tooth by tooth gear
hardening from .5DP-10DP, up to
15 tons, 200° diameter.

American Metal Treating Company
Cleveland, Ohio
Phone: (216) 431-4492 » Fax: (216) 431-1508
Web: www.americanmetaltreating.com
E-mail: mark@americanmetaltreating.com

Breakdown Service Available

MAAG PARTS AND SERVICE

Original MAAG Parts for all:
* Grinding Machines
» Shaping Machines (SH)
* [nspection Machines

Swiss Trained Service Engineers:
Repairs to Complete Rebuilds
« Calibration
« Certification
« Evaluations

Becker GearMeisters, Inc.
(800) 423-2537 = (631) 821-3967
«2s Fax: (631) 821-3870
A@¥: Chicago, lllinois

* BROACH SHARPENING
* HOB SHARPENING
* SHAVING CUTTER GRINDING
* THIN FILM COATING
* CUSTOM HEAT TREAT SERVICE

PICK UP AND DELIVERY IN MANY AREAS

Gleason Cutting Tools
CORPORATION

1351 Windsor Road, P.0. Box 2950
Loves Park, IL 61132-2950
Phone (815) 877-8900
Fax (815) 877-0264

CIRCLE 164

HOB SHARPENING

» State-of-the-art CNC sharpening
and inspection machines

* Wet grinding with free-cutting
CBN or diamond wheels

* Optional recoating and stripping

* Rush service available

CIRCLE 130 CIRCLE 151
K d
INTERSTATE TOOL CORP. PRECISION GROUND GEARS
CLEVELAND, OHIO * Bevel and Hypoid
* Spur and Helical
CUSTOM ENGINEERED & * Tapor Rack and Pinion
MANUFACTURED CUTTING TOOLS * Worms & Wormwheels
ESTABLISHED 1960 CURVIC® Couplings

FORM & MILLING CUTTERS
GEAR SHAPER CUTTERS
ALL CLASSES OF HOBS

GROUND & UNGROUND FORMS

(registered trademark ol The Gleason Works)

SUDA International Gear Works Ltd.
P.0. Box 4, Pittsford, NY 14534 USA
Fax: (716) 385-8537
E-Mail: Igknndy@att.net

Koepfer America, LLC WHETHER YOU NEED NEW TOOLS, www.sudagear.com
- ; MODIFICATIONS, RESHARPENING, 1S0-9002 CERTIFIED
B35 Schneider Drive REPAIRS, OR M & M INSPECTIONS,
South Elgin, IL 60177 CONTACT US FOR A QUOTE TODAY: s
Phone 847-931-4121
Fax: 847-931-4192 www.interstatetoolcor.com I i
Sales@koepferamerica.com | | Tel: 216-671-1077 « Fax: 216-671-5431 OF SOk, Jnpos
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Rates—Line Classified: 1" minimum, $310. Additional lines $45 per line (8 lines per inch). Display Classified: 3" minimum: 1X—$700,

3X—$650 per insertion, 6X—S$615 per insertion. Additional per inch: 1X—$240, 3X—S8225 per insertion, 6X—3$215 per insertion. Gear

Technology will set type to advertiser's layout or design a classified ad at no extra charge. Payment: Full payment must accompany classified

ads. Send check drawn in U.S. funds on a U.S. bank or Visa/MasterCard/American Express number and expiration date to Gear Technology,

P.O. Box 1426, Elk Grove Village, IL 60009. Agency Commission: No agency commission on classified ads. Materials Deadline: Ads must

be received by the 20th of the month, two months prior to publication. Acceptance: Publisher reserves the right to accept or reject advertise-
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SERVICE

HOB SHARPENING
(763) 425-5247

HSS & Carbide up to 5” Dia.
Straight Gash,
Sharpened & Inspected
Per AGMA STANDARDS
Quick Turnaround

RADIAL CUTTING{FACE SHOWN

KORO SHARPENING SERVICE
9530 - 85TH AVENUE ND.
MAPLE GROVE, MN 55369

GROUND GEARS

¢ Precision Ground Spur or Helical Gears up tof
12 inches in Diameter and Achieving up to
AGMA Class 12 Quality

#® Precision Hobbed Gears up 1o 16 inches in
Diameter

# Prototype to Medium Production Quantities

¢ Hofler ZP350 Analytical Gear Analyzer o
Insure Quality

GEAR & MACHINE CO.

4884 Stenstrom Road, Rockford, IL 61109
Phone: (815)874-3948, Fax: (815)874-3817
WWW raycargear com

HOB SHARPENING

INDEX TECHNOLOGIES

* AGMA

2 Class AA
0 Helical
« Skiving
 Carbide

-up to 1.25 N.D.P. capacity
-recoating & stripping of all
coating types

-tool performance analysis
-rapid turnaround

RAZL

|ndex

3190

Index Technologies Inc.
21135 Lorain Road, Fairview Park, Ohio 44126
Phone: 440-895-4627 (HOBS) Fax: 440-331-0516
Email: gallenco@msn.com
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GEAR TOOTH

GRINDING SERVICES

* Cost effective gear tooth grinding
specialists

® Gear manufacturers are our only
customers

® Prototype and production quantities

® Capacityto 27.5°P.D,,35D. P.

® Able to match delivery to your
requirements

® All service 1o AGMA standards with
Certified Gear Inspection Equipment

PRO-GEAR COMPANY, INC.

23 Dick Road, Depew, NY 14043
Toll Free: 877-684-3810 » Fax: 716-684-7717
E-mail; progearinc@aol.com
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GEAR TOOTH
GRINDING SERVICES

Spur - Helical - Double Helical

Capacity up to 605" 0.0, 1 D.P, 29"
Stroke. All ground gears certified up to
AGMA Class 14+ on Zeiss-Hofler 1602
CMM. Inventory of grinders includes
Hofler 800, Hofler 1000, Hofler 1253
Supra, Hofler 1500 and Hofler Nova
CNC 1000 (Fully CNC with on-board
CMM checker).

Kreiter Geartech
2530 Garrow St., Houston, TX 77003
Phone: 713-237-9793 Fax: 713-237-1209
Contact: Mr. Willie Whittington
Visit our Website at

GEAR TOOTH GRINDING

Spur * Helical
* Herringbone (with groove)
Capacity up to 63" 0.D.,
1D.P, 16" face

AGMA Certification Inspection
Delivery to Meet Your Requirements

Midwest Gear Corp.
2182 E. Aurora Rd.
Twinsburg, OH 44087
Phone 330-425-4419
Fax 330-425-8600

Direct your inquiries to
Ron Humphrey, General Manager
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HOB SHARPENING
SERVICE

: ; Since 1927
fa .
STAR CUTTER COMPANY
1S0-8001 CERTIFIED

* THIN FILM COATINGS

West Branch Industries
Subsidiary of Star Cutter Co.
2083 W, M-55, West Branch, MI 48661
1-888-Resharp « 1-888-737-4277
Phone: (517) 345-2865 » FAX: (517) 345-5660

www.kreiter-geartech.com ronh@mwgear.com
CIRCLE 141 CIRCLE 171
PRECISION GROUND GEARS
B Spur, Helical and Pump s TU ADVERT'SE

Gears to AGMA Class 15 o
W Featur I\;E the latest grinding
technology including:

. Heeshausr RZ300E Electronic
Gear Grinders

* Gleason TAG 400 CNC, 8-axis
High Production Gear Grinder

* Full CNC Multi-axis

CIRCLE 142
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HELP WANTED
REPS WANTED

World Class, Overseas Builders of CNC
Gear Hobbers and CNC Gear Inspection
Machines are expanding existing USA
operations.

Sales territories available throughout
the USA.

Companies or manufacturer’s reps with
knowledge of gear mfg. methods pre-
ferred, but not required.

If you or your company has a demon-
strated record of success, reply in con-
fidence, with relevant information to:
GT Gear Technology

P.0. Box 1426

Elk Grove Village, IL 60009

ESTIMATOR AND/OR
GEAR ENGINEER WANTED!

Griffin Gear is seeking an engineer with
a minimum of 5 years experience. In
addition, we are seeking an estimator
for job shop pricing. Qualified appli-
cants must be familiar with AGMA stan-
dards as well as possess knowledge in
open and enclosed hobbing, shaping,
and grinding in job lot quantities.

Griffin Gear

PO Box
Spartanburg, SC
29304-0890

Your resume will be held
in strict confidence.
Fax: 864-582-8617
Email: joe@griffingear.com

Gear Machine Repairman —

Experienced troubleshooter for mechanical
and hydraulic repairs. Knowledge of electri-
cal systems desirable. No travel.

Friendly work environment at our convenient
northwest suburban Chicago location.

Profit sharing, health insurance.

CADILLAC MACHINERY CO. INC.
1401 Lunt Avenue, Elk Grove, IL 60007
E-mail: sales@cadillacmachinery.com

Fax your resume to 847-437-6618.

THE GEAR INDUSTRY HOME PAGE

geartechnology.com
Your Cyberdirectory For Gear Industry Companies.
More Than 75 Companies Offering
Gear-making Machines, Gear Testing Machines,
Cutting Tools and Gear-making Services.
Find Them All On Our Website's Buyers Guide.

www.geartechnology.com
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Ajax Magnethermic Corporation Groat Taiwan Gear Lid. Ohio Broach & Machine, Co.

Amarican Matal Treating Co. Helsel, Inc. Optical Gaging Products, Inc.

Anderson-Cook, Ine. Hoglund Technology Corporation Parker Industries Inc.

ATA Gears inc. Interstate Tool Carporation Porformance Gear Systems Inc.

Axicon Technologles, Inc, Involute Simulation Softwares Inc. Pracipart Corporation

Barit international Corp. lonBond, Inc. Prasrite Corporation

Basic Machine Tools ITW Heartland Process Equipment Co,

Bodine Gear Manufacturing JRM Imtemational, Inc. Progressive Stwel Treating

Bourn & Koch Machine Tool Co. Kapp Toch LP. Pro-Gear Company, Inc.

Broach Masters / Universal Gear Co. Kluber Lubrication North America, LP.  Quality Transmission Components

Cameron Koepler Amarica, LLC. Redin Corporation

CIATEQ Krautkramer Inc. Regl Gear Mig, Inc,

Cole Manufacturing Systems, Inc.  LeCount Inc. RE. Smith & Co.. Inc.

Colonial Tool Group Inc Lees Bradner Division of Fayscort Co. Reishaver Corporation

Dura-Bar Liebherr Gear Technology Co. Rate-Technology, Inc.

Electronics Inc MB&M Pracision Systems Corp. Russell, Holbrook & Henderson

Emuge Corp. Madison Face Driver Seitz Corporation

Enginaerad Heat Trat, Inc. Manufacturers Technologies Inc. Spaedgrip Chuck, Inc

Estudio Ing. J.L Pine Mill Mox Tools Pvt. Ltd. Star Cutter Co.

Fissler Corporation Mitsubishi Heavy Industries America, Inc. SU America

Fellows Corporation MoldedGear.com Suda International Gear Works

Fluxtrol Manufacturing, Inc. Mr, Gears, Inc. Surtace Combustion

Gear Mations, Inc, Nachi Machining Technology Co. Taiga Enginearing Group

Gleason Corporation Niagara Gear Corporation Ticona

Gleason Cutting Tools Corporation  Nippon ITM, Inc. TSK America - Advanced Metralogy

GmiI Nye Lubricants, Inc. Universal Tachnical Systems, Inc.
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ADDENDUM

Special Gears Help Hatch a Summer Movie

hicken Run—the summer movie that used stop-
motion clay figures—is about a group of chickens
laying a plan to escape from their farm before
they're turned into chicken pies. Distributed by
Steven Spielberg's DreamWorks, Chicken Run is also about a
group of specially-made worms and wheels.

To make its movie, Aardman Animations
needed special wormgear sets to help create the
movie's special effect: chickens and people, made
of clay, who walk and talk—and look natural doing so.
The British movie company could create that effect by
moving the clay figures in small increments as it shot
a scene, but it needed a camera that could hold its
exact position and repeat its exact
motion in a scene as figures were
slightly adjusted, again and again
and again.

"That's what was critical," says
Tom Barnes, the movie's technical
director. "Because of the way we work,
just about everything is a special effect.”

“A simple shot may take weeks to film," he adds, explaining
that a camera might move only 3 degrees or 4 degrees in one
shot, but might move those few degrees over several weeks—
perhaps | degree a week. "It was very important for a camera to
hold a position accurately.”

To get such cameras, Aardman needed new camera mounts.
According to Barnes, the company's cameras were from the
1930s, with old, manual mounts that had been motorized.

"They were not particularly backlash free," he says. "They
were not very stable mechanically overall."

Aardman arranged to buy new mounts made by Eimeldingen
UK Lid. of Bath. Eimeldingen produces precision rotary tables.
Inside those mounts were specially-made wormgear sets from
Holroyd, key parts in the mounts and the success of the movie,

"If there had been backlash problems, then we would not have
been able to make the film the way that we wanted to,” says Alan
Gregory, Aardman's mechanical development engineer.

"The film is all about creating an illusion,” Barnes says.
"Anything that makes the film look awkward takes away from
the audience’s attention to the film."

Aardman needed gear sets that provided a gearbox ratio of
I81:1, based on the camera's weight and the weights of various
lenses that might be used. Holroyd provided those gear sets.
Based in Milnrow, England, Holroyd makes precision gears—

iy

including specialized wormgears.

The worm wheels were made of phosphor bronze, with
181 teeth, 13-millimeter face widths and 100-millimeter cen-
ter distances. They were precision ground to have practically
no eccentricity. The one-start worm shafts were case hardened
and ground to profiles of 5 microns,

The wormgear sets had backlashes of
0.002-0.004 inches, so the cameras wouldn't vibrate.
Eimeldingen reduced the backlash even more with a
spring mechanism in the camera mount 1o maintain the
gears' constant meshing and to compensate for wear.

Ray Butler, an Eimeldingen senior engineer, estimates the

backlash became about 10 times smaller, making it virtu-
= ally zero. "It becomes difficult to measure
at that level," he says, "but about 10
times.”

Bames says the new wormgear sets
improved the appearance of Chicken
Run in two ways: "Any camera moves

_ etV
'***iia--"#’-.cﬂ 1 Ak
were smoother than they would have been

Ginger the chicken of Chicken Aun
runs through a Holroyd worm wheel.

otherwise” and "The repetition was more
accurate and consistent.”

Each camera mount had two wormgear sets, one set for move-
ment on the horizontal axis and one set for movement on the vertical
axis. The sets provided 360 degrees of movement on both axes.

"We wanted the 360 degrees of movement to give us the
flexibility we required," Barnes says.

With new mounts, the cameras could be moved to almost
any angle and be remotely controlled by computer. The controls
permitted movement in fine increments and with precise posi-
tioning, providing the required camera angles and distances.

With cameras able to repeat their moves more accurately and
consistently, Aardman could reduce the number of scenes that
had to be corrected or reshot after production. The new mounts,
about 30, were used every day. Aardman needed a year and a half
to make Chicken Run, which was shot in Bristol, England.

"They performed faultlessly,” Barnes says of the gear sets, "I
couldn't have wished them to be better."
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Perry Technology Corporation - P.O. Box 21/29 Industrial Park Road - New Hartford, CT. 06057
PH: (860) 738-2525 - Fax: (860) 738-2455 - E-mail: sales@perrygear.com - Web: www.perrygear.com
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Looking for revolutionary ¢ POWER CUTTING™ ¢ On-site services, including
gear tool technologies to drive technology, which combines advanced coatings,
down your cost-per-piece? new HSS or carbide high-performance heat
Only Gleason Cutting Tools materials with advanced treat, factory regrinds and
has all the pieces in place: coatings, giving users the recoatings, metallurgical
ability to produce lab, grinding wheel plating,
¢ The industry’s most cylindrical and bevel gears and GCT EXPRESS
complete line of hobs, at speeds many times that (door-to-door pickup and
shaper cutters, saw mill of conventional HSS tools - delivery service for fast,
cutters, plated CBN wet or dry. efficient service).
wheels, plated diamond
rolls, and bevel cutter stick Now making The Right Choice
blades. has never been easier.

Gleason Cutting Tools

CORPORATION

| GearHobs | IS0

1351 Windsor Road Phone: 815-877-89(

9001  (oves Park, L6111 USA Fax. B15-877-02

Begisternd  Web Site: www.gleason.com E-Mail: Sales @ gieason.co

[ Bevel Gear Cutters | SOELE e
| POWER LUBE COATINGS | [CBN Grinding Wheels
Shaper Cutters
[ Shaving Cutters | | Shepe |
| Form-Relieved Milling Cutters |




