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in one machine
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___ 3300 Cross Creek
, Auburn Hills, MI 48326-2758

Looking for an easy, cost-effective way to check gears? Marposs has
the solution — the M62 bench gauge system. It's accurate, flexible
and right at home on the shop floor.

No more dedicated gauges
The modular M62 system is quickly re-toolable using ordinary hand
tools. You'll save time and the cost of dedicated gauges.

A single-source for all of your gear inspection needs
No one has a more complete line of gear checking equipment than
Marposs, so every component is guaranteed compatible. Forget
mixing and matching,

If you are looking for easier, more accurate gear checking plus
optional noise detection, take a look at the Marposs M62 bench
gauge system. It's geared just for you.

M62 Double Flank Gear Roller

Manual loading of gear wheels and gear shalfts

Measures:

m Radial composite deviation

m Radial runout

m Tooth to tooth radial composite deviation

m Tangential composite deviation

m Nicks

m Optional measurements include center
distance, bore diameter and perpendicularity
of bore to gear face

m Optional noise detection

All functional checks can be displayed on the

rugged E9066 industrial PC system which offers

a linear graphic display with full SPC functions

Gear Masters/Gauges

® Go-no go gauges

m Thread gauges

m Spline gauges

m Plain masters and master gears
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Shades

n America and most parts of the world, people are looking

for answers about what's going to happen next in the manu-

facturing economy. We're all looking for evidence that bet-
ter times are ahead, or at least that the worst is over. We crave a
clear indicator, something that shows us in black and white that
the situation is going to get better.

Unfortunately, there don’t seem to be any clear-cut signs.
Instead of a black-and-white indication of where we're headed,
all we get are many shades of gray.

In some cases, the news appears promising. For example, for
most of this year, the Purchasing Managers Index has hovered
around 50, the equilibrium point between growth and contrac-
tion. In January and February, the index was above 50, indicat
ing growth in the economy.

But in other cases, the news is not so good. Industrial capac-
ity utilization in the United States is at its lowest point in more
than 20 years. Unemployment remains high. Machine tool con-
sumption continues to decline.

Yet 1 continue to hear from people in industry that they're
getting some activity in the form of quotes on jobs—not as good
as sales, but activity nonetheless.

There's a lot of information out there, and sometimes it's
hard to figure out which bits are important and which bits can be
ignored. Often the statistics we see and hear—good news or
bad—are completely irrelevant to our companies’ business
Other bits of information may be extremely important.

This issue we're going to provide you with information
we've been collecting over the past year that may shed some
light on the state of the gear industry, For some time, we've
been tracking the level of activity on our websites. I've always
found that information to be both interesting and helpful. In
this issue, we've prepared several charts detailing those sta-
tistics on page 27, and we offer that data for your interpreta
tion and analysis.

The charts include traffic data to three websites, each with a
slightly different audience, but all related to the gear industry

powertransmission.com™ 1s home to our directory of power
transmission components, including gears, bearings, motors and
speed reducers. Activity on that website should be an indicator
of interest in the industry’s end products. The Gear Industry
Home Page™ is home 1o our directory of suppliers to the gear
industry, including machine tool and cutting tool manufacturers
and suppliers of services, such as heat treating and consulting.
Activity on that website indicates, in part, interest in planned
capital equipment and consumable supplies and services.
Finally, we've included statistics from the website of Cadillac
Machinery Co., Inc., my own used gear machinery business. The
used machinery market is more of a spot market, indicating the
need for machines today or in the near future.

The most interesting thing about these statistics is that traffic
has increased substantially on all three websites over the past six
months. Each of them has moved to a new level compared with

a year ago,

PUBLISHER'S PAGE

of Gray

Traific on powertrans-
mission.com™ has risen,
with page views steadily
increasing over the Jast four
months, reaching a high of
162,000 in April. Early in
2002, user sessions were
about 30,000 per month.
Now they are in the
35.000-40,000 range. More
people than ever before are
using the website to find
suppliers of gears, bearings,
motors, speed reducers and
other power transmission products.

During most of 2002, traffic on The Gear Industry Home
Page™ was flat, with user sessions in the 17,000-20,000 per
month range and page views in the 65,000-70,000 range. Over
the past four months, the numbers have gone up markedly, with
highs of 116,000 page views in March and nearly 26,0 user
sessions in April.

Cadillac’s website has seen perhaps the most steady and sig-
nificant growth. Although the overall numbers are much small-
er, traffic has nearly doubled over the past year.

A part of the growth in traffic on these websites is due to the
effectiveness of our marketing efforts. The monthly increase of
visitors tells us that we're doing a good job getting the word oul.

Also, part of the growth probably comes from increasing use
of the Internet as a tool for researching and buying industrial
equipment, components and services,

But part of the growth tells me that there is activity in our
industry.

We offer no black-and-white conclusions about what lies
ahead based on the information presented here. No matter how
you interpret the trends, though, the growth on all three of these
websites has to be taken as a good sign for our industry,

Michael Goldstein
Publisher & Editor-in-Chief

P.S.—-Please tell us if you find the information in
these charts interesting or useful. Also, please
tell us if you have any suggestions about other
information you'd like to see about the gear
industry. Call (847) 437-6604 or send e-mail to
people@geartechnology.com.

www.powertransmission.com » www.geartechnology.com » GEAR TECHNOLOGY « JULY/AUGUST 2003 7
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Welding Different Gear Materials

Friction welding has been thought of

as a solution for customers with lots of

volume to be welded and lots of capital
investment. Industry opinions are chang-
ing, though, and it's becoming an eco-
nomic option for small-volume batches.

The process has been around for
awhile but has never been as popular as
other conventional means of welding.
Unlike

welding can join both similar and dis-

traditional welding, friction
similar materials with different mechani-
cal and physical properties through rota-
tional forces and hydraulic pressure
without flux or filler material. Good can-
didate matenals for these combinations
are carbon and alloy steels.

Among the gear industry applications
are bi-metallic propeller shafts for the
marine industry, splined axle shafts and
flanged gear blanks.

In addition, friction welding takes
place in a narrow, heat-affected zone, so
it has minimal effect on adjacent
machine or heat treat charactenstics,
says Joel Donohue, general manager of
American Friction Welding.

The job shop, located in Brookfield,

WI, has offered this service for years,

An axle is being friction welded to a standard-
ized hub-like end. Photo courtesy of American
Friction Welding, Inc.
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tric motor shafts, drills, and hand tools,
as well as automotive and construction
equipment.

Whatever the product is, once it
arnives at American Friction Welding,
the welding process starts with the prod-

uct’s axis of symmetry. It's easiest when

the components have a natural axis of

symmetry. If a part is not already
equipped with this, then engineers devel-
op the tooling to create one.

After the axis of symmetry is deter-
mined, weld parameters are developed
which include rpm, axial load. time
frame, and amount of axial shortening.
After developing these parameters, parts
are then tested in a situation that mimics
its actual performance. Once those
parameters are established and proven,

they're loaded into the machine’s con

troller. Then they begin the process of

loading parameters and feeding compo-
nenis before commencing production.
The machine controller monitors those
set parameters and their limitations
throughout the production run. If any-
thing falls outside the parameters, the
machine sends out an alert,

One workpiece is held in a rotating
spindle and the other is held in a station-
ary clamp. Operators control the speed of
the motor-driven workpiece. Then, an
axial load is applied to the components
being welded. Interfaces of the two com-
ponents rub together, resulting in heat.

This is maintained until a predeter-
mined amount of time or axial shorten-
ing occurs, At this point, a braking force
is applied and the axial load is increased
in the final forge phase. This force is held
for a pre-set amount of time after the
rotation stops.

Many times, a post-weld test is done
on a sampling basis as the final step to
check for torsional, bend or hardness
properties of the heat affected zone. In
addition, ultrasonic inspection is used to
evaluate the weld integrity.

All of this, excluding the post run
testing, takes from five seconds to sever-

al minutes. When factoring in the testing,

Welcome to Revolutions, the col-
umn that brings you the latest, most
up-to-date and easy-to-read infor-
mation about the people and tech-
nology of the gear industry.
Revolutions welcomes your sub-
missions. Please send them to Gear
Technology, PO. Box 1426, Elk
Grove Village, IL 60009, fax (847)
437-6618 or e-mail people@geart-
echnology.com. If you'd like more
information about any of the arti-

cles that appear, please use Rapid
Reader Response at www.geartech-
nology.com/rre.htm.

the initial weld development process can
last from a few hours to a few weeks,
depending on part size, shape and con-
figuration.

As far as capabilities, American
Friction Welding has eight direct-drive
friction welding machines ranging from
four to 125 tons, which can weld solid
diameters from 1/8"—4 1/4".

*One machine has part orientation, Its
spindle has an end coder on the spindle
that keeps track of where the spindle
starts and stops,” says Donohue “The
advantage of this feature is that the com-
ponents can have umquely machined
features with a relationship to one anoth-
This

kind of control is a major benefit to the

er after welding within +/~1,5°"

direct-drive welding process.

However, there’s another type of fric-
tion welding called inertia welding.
Manufacturing Technology Inc. in South
Bend, IN, does both and points out dis-
tinctive aspects of each approach.

Inertia welding uses flywheels bolied
to a spindle chuck. The spindle acceler-
ates 1o a pre-determined speed, its motor
1s disengaged and the workpieces are
forced together under forge force. As the

spindle speed slows, the Kinetic energy
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stored in the rotating mass dissipates as
heat through friction at the weld inter-
face. The welding force continues to
push the two components together for a
short period of time after the rotation
ceases,

Though it offers the operator less
control, inertia welding generally has
faster cycle times, a narrower heat-

affected zone and fewer weld variables
(rpm and pressure) and does not require
clutches and brakes, says Kevin Grewe,
sales engineer for MTI Welding.

“For gears, there's not a definite
method that’s better than the other.
Sometimes there's the need to orientate
one gear onto another and, in that case,
the direct drive friction welding is best,”

TAKE A BITE OUT OF YOUR GEAR COSTS

SEE US AT GEAR EXPO 2003 BOOTH # 820
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he says. “We do slightly more inertia
welding, mainly because automakers
want such high cycle times.”

Friction welding, whether done by
inertia or direct drive, is not a solution
for every company or application. Many
times, the component configuration and
material type are good indicators of
whether the process is a good fit
Generally, free machining and resulfur-
ized materials, which contain high lev-
els of lead and sulfur, may have adverse
effects on the joint, says Donohue.

For Kuhn Knight Manufacturing Inc.
of Brodhead, WI, the friction welding
process was a perfect fit. Hugh Hosely,
hired
American Friction Welding several

a buyer for the company,
years ago to friction weld Kuhn's plug
assembly products.

“We've been very happy with the
service,” he says, “it's inexpensive and
produces a better product because two
pieces become one. Also, with a tradi-
tional weld, they're only held together by
a ring of weld, and this is far superior.”

No Pitch Cones, No Face
Cutters = Greater Gear
Freedom

David Dooner wants more freedom
for designers and manufacturers of spi-
ral bevel and hypoid gears. He wants to
give it to them by removing the gears’
restrictions on face width, spiral angle
and number of teeth.

He also wants them to be free to spec-
ify those gears with the same procedure
they use to specify cylindrical gears.

And Dooner has a way to achieve
this freedom: Eliminate pitch cones and

Variable
Diameter
Cutter

Hypoid

Pinion
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face cutters from the design and manu- |

facture of spiral bevels and hypoids.
Dooner has been working on this way

since the late 1980s, when he was a grad-

uate student at the University of Florida,

Gainesville. Studying for his doctorate, |

Dooner started to think about unifying
the design and manufacture of different
type of gears, using their Kinematic struc-
ture to create a single framework.

He discussed his idea with his doctor-
al advisor, Ali Seireg, and it became part
of his doctoral thesis. It also provided the
foundation of his method for spiral
bevels and hypoids.

After receiving his doctorate, Dooner |

continued to work on the method, collab-

orating with Seireg until Seireg’s death in |
September. Today, Dooner is an associate |
professor in the mechanical engineering |

department at the University of Puerto
Rico-Mayagiiez.

To this point, his method remains the-
oretical—"It hasn’t been developed.”

Dooner says it hasn't been because:
“First, the mathematical relationships are
not immediate.” and “Second, there is a
well-established art, with an enormous
base.”

He adds thai most people are focused
on improving the existing method—
“There’s been little effort 1o developing
new ways."”

Dooner, however, has been focused
on getting rid of pitch cones and face cut-
ters to create a new way.

He explains: Pitch cones are a design
tool for spiral bevel and hypoid gears.
While helpful, the cones restrict the face
widths of those gears.

With Dooner’s way, the gears would
be designed using mathematical formulas
that compare the spiral bevels and
hypoids with their theoretical ideals. That
contrasts with today's practice of com-
paring them with the ideals that can be
obtained through manufacture.

Dooner says using the theoretical
ideals gets rid of the restrictions on spiral
bevels and hypoids' spiral angle and
number of teeth and may get rid of their
limit pressure angles.

www.powertransmission.com » www.geartechnology.com » GEAR TECHNOLOGY = JULY/AUGUST 2003 11

During manufacture, face cutters of
spiral bevels and hypoids create teeth of
increasing thickness as they move across
a gear’s face,

Dooner’s cutters, though, would be
like variable diameter gears with cutting
teeth. They'd cut like variable diameter

hobs, so they'd compensate for varying
The

tooth thickness. compensating

would remove restrictions on face width

and spiral angle. Without face cutters,
number of teeth wouldn't be restricted,
either.

Dooner says cutting spiral bevels and
hypoids would become like hobbing
cylindrical gears, so specifying them
could become like specifying cylindrical
gears. Tooth profile, pressure angle, spi-

“
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ral or helix angle, face width—they
could all be used to design and manufac-
ture spiral bevels and hypoids.
According to Dooner, the cutters
could even be used to manufacture cylin-
drical gears. Different cutters would still
be needed to manufacture different
gears—coarser pitch cutters for coarser
pitch gears, finer for finer, bigger cutters
for bigger gears, smaller for smaller—

S s e et e e A T S

but the cutters would be the same type

and could be used in the same type of

machine,

Dooner says his machine and cutters
would streamline a gear manufacturer’s
machine tool facilities while making
them more flexible in the types of gears
they could create.

According to Dooner, his method
would provide several other benefits.

THE
CORPORATION

ISO 9002 CERTIFIED

PURDY

Aerospace
Manufacturing

Technologies

For The 21st
Century

AH-64
Longbow Apache
Attack Helicopter

Main Rotor
Transmission

586 Hilliard Street, P.O. Box 1898, Manchester, CT 06045-1898 U.S.A.

Telephone: 860 649-0000 = Fax: 860 645-6293
Home Page: http://www.purdytransmissions.com
E-Mail: sales@purdytransmissions.com

© 1998 THE PURDY CORPORATION

First, gear manufacturers would be able
to create lead, crown and profile relief in
their spiral bevel and hypoid gear sets at
the same time they're cutting them.

Second, they might not need to lap,
burnish or polish the sets. Dooner says if
lapping, burnishing or polishing wasn’t
needed, gears and pinions would be inter-
changeable. If one broke, a gear manufac-
turer could replace just that member of a
hypoid or spiral bevel gear set: he would-
n't have to make an entirely new set.

Third, his method would offer new
alternatives in gears through its greater
design flexibility. For example, spur
hypoidal gears—not possible in today's
manufacture—would be possible.
Dooner describes spur hypoidals as
non-intersecting, non-parallel gears
whose teeth go into and come out of
mesh all at once.

Moreover, Dooner simulated their
manufacture and saw his method could
even make spur hypoidals more effi-
cient by reducing their sliding contact.

Spur hypoidal gears could be used in
rear axles of automobiles.

Before benefits, there'd have to be
development and testing. Both are pos-
sible, though. Dooner’s work is at a
point where a machine and set of cut-
ting tools could be developed for test-
ing. He doesn’t know how much money
it would take to create them, but he
doubts it would be an unusual amount:
*How much would it take to develop an
existing machine?” £

Tell Us What You Think . . .
Visit www.geartechnology.comto

* Rate this column

* Request more information

* Contact the people or organization mentioned
* Make a

suggestion
mnrnmrimuwkumolum-
tors
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Crucible’s CPM high speed steels can give you m' |
the edge you’re looking for! |

If you want better performance from your broaches, hobs, milling cutters, end

The CPM (Crucible Particle Metallurgy) Process mills, shapers, shavers or other cutting tools, try our CPM high speed steels:
results in a homogeneous microstructure with a uniform
distribution of extremely fine carbides as shown below CPM M4HC A boost in wear resistance over M2 and M3, |
Cobalt grade for higher red hardness and |
7 CPM Rex 45 better wear resistance than M35 or M42. |
| . CPM Rex 54 M4 plus cobalt for added red hardness. ‘
CPM Rex 20 Cobal-free but pedorms ke CPM Rex 45.
| e High vanadium provides abrasion resistance
| CPM High Speed Conventional High Speed CPM Rex T15 for edge retention in cutting difficult materials.
CPM offers real advantages for: CPM Rex 76 Superior red hardness for high cutting speeds
Tool Users:  Suporior wear resistance and foughness. Longer ool e with abrasion resistance like T15.
- - :;m“é:‘::;:::m;i“f r:;:’;’:ﬂ‘:‘f:‘g_nw CPM Rex 121 The ultimate in wear resistance and red hardness
d sbia sz changs, Satis subsirsis for 0oativos HRC>70. Suitable for dry cutting. Alernative 1o carbide,
CPM grades are also avallable in the "HS" (High Sulfur)

modification for better machinability if desired.

Crucible... To find the Crucible Service Center &
» nearest you please call: 800-365-1185 ﬁ
me Too’ Stee’ Pms or visit: www.crucibleservice.com C M |
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Grinding Wheels Deburring Machines

kesel «

Rack Milling Machines

Hydraulic Locknuts Gear Inspection Machines

JRM International, I

5701 Ind
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Columbus Gear Expo-In the

GEAR EXPO 2003

Heart of Manufacturing World

oto courtesy of Randall Schiebo providud by GCCC).

October 5-8, 2003

-1 Greater Columbus Convention Center, Columbus, OH

Buyers and sellers of gears, machine tools, cutting tools, services
and other suppliers to the gear industry congregate in Columbus!

* 135 Exhibitors * 38,000 Square Feet * www.gearexpo.com

AGMA's Gear Expo 2003 is recognized as the worldwide gear event!

Hyatt Regency Columbus Convention
Center—8$130

350 N. High St, Columbus OH 43215
Telephone: (614) 463-1234

Fax: (614) 280-3034

Code: AGMA

The full-service, 600-room hotel is direct-
ly connected to the convention center.
For more information, visit
www.columbus.hyatt.com.

Crowne Plaza Downtown—$129

33 Nationwide Bivd., Columbus OH 43215
Telephone: (614) 461-4100

Fax: (614) 461-2679

Code: AGMA

Also connected to the convention center,
it has 400 rooms and suites. For more
info, visit
www.cmh-downtown.crowneplaza.com.

Hampton Inn & Suites—8115

501 N. High St., Columbus OH 43215
Telephone: (614) 559-2000, (800) 426-7866
Fax: (614) 559-2001

Code: AGM

Select-service hotel located directly
across the street from the convention
center. For more information, visit
www.hamptoninn.com/hi/columbus-
downtown.

HOTELS

Gear Expo exhibitors and attendees can take advantage of special AGMA rates, but
only by booking before September 9, 2003. Published rates are for single/double occu-
pancy. Mention reservation codes indicated below to take advantage of the discount!

Courtyard by Marriott Downtown—8110
35 W. Spring St., Columbus OH 43215
Telephone: (614) 228-3200, (800) 321-2211
Fax: (614) 228-3266

Code: AGMN

Located three blocks south of convention
center, but within walking distance of sev-
eral restaurants. For more info, visit
www.courtyard.com/emhey.

Red Roof Inn Downtown—S8100

111 E. Nationwide Blvd,, Columbus OH
43215

Telephone: (614) 224-6539, (800) 733-7663
Fax: (614) 228-4037

Code: AGMA

Situated across the street from the conven-
tion center. This select-service hotel has
150 sleeping rooms and suites. Visit
www.redroof.com for more information.

Drury Inn & Suites Convention Center—899
88 E. Nationwide Blvd., Columbus OH 43215
(614) 221-7008, (800) 378-7946

Code: 545068

Connected to the convention center, the
hotel has 180 rooms and suites. For more
information, visit the web site at
www.druryhotels.com.

AGMA officials hope to sell compa-
nies on attending Gear Expo based on
three factors—Ilocation, location, loca-
tion.

The bi-annual trade show will be held
Oct. 5-8, at the Greater Columbus
Convention Center in Columbus, OH.
Detroit, MI, has traditionally been the
guaranteed venue for half of the Gear
Expos because of its reputation as the
automotive capital of the world
Alternating shows rotate between other
Midwestern cities. Gear Expo '01 was
held in Detroit and Gear Expo 99 in
Nashville, TN.

According to AGMA vice president
Kurt Medert, the Columbus location
should prove to be an ideal choice
because of its centralized location. While
Nashville was too far south for many
companies to send representatives,
Columbus is within driving distance of
the world’s gear manufacturing centers.

“The city that constantly does well is
Detroit,” he says. “But with Columbus,
60% of our audience lives within 500
miles."

Numerous manufacturing companies
are located within the Columbus metro-
politan area itself and can make a day tnip
of Gear Expo. For example, Honda Motor
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TRANSMECANICA

440.331.0038

21135 Lorain Road
Fairview Park, OH 44126

http://www.gallenco.com
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Custom Bevel Gear Mfg.

Per vour Sample and/or Blueprint Specs

Machine and Gear Corporation —'

Sharon, TN

- Spiral Bevel Gears: 66" PD

- Straight Bevel Gears: 80" PD
- Spurs, Helicals, Spline Shafts
- Gearbox Repair

- Heat Treat Facility In-House

BREAKDOWN SERVICES

1-800-238-0651 - Fax 731-456-3073
email: inquirygt@brgear.com
website: www.brgear.com
CALL FOR BROCHURE
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Columbus by night skyline, as viewed from the highway. Courtesy of the
Greater Columbus Convention & Visitors Bureau. Photo by Rod Berry.

Co. Lud. has several plants in the area, and Columbus is close
enough for Kentucky companies to drive up for the day.

In the current economy, closeness can be an asset because it
would enable attendees who live in the Midwestern or some of
the Eastern states to drive to Gear Expo. Columbus is approx-
imately seven hours driving distance from Chicago, three
hours from Pittsburgh, and 12 from Des Moines. Show goers
who are in a greater hurry can take advantage of the summer
air fares or late booking rates. Cheaper airfares are expected
closer to the show date, and AGMA has set aside a block of
hotel rooms at special rates (see box). Hotels are all approxi-
mately a ten-minute drive from the airport and cab fare should
run less than $15,

Regardless of how they get there, Medert expects Gear Expo
attendees to be impressed with the show’s facilities.

The Greater Columbus Convention Center was recently
expanded with unlimited floor load restrictions, which is anoth-
er reason it was the site selected. (Because of the heavy equip-
ment normally brought to the show, Gear Expo cannot be held
at facilities with restrictions of less than 350 pounds per square
inch.)

Also, there are 30 restaurants within five to 10 minutes’
distance of the show.

Tell Us What You Think . . .
* Contact the companies mentioned
l“.’

Or call (847) 437-6604 to talk to one of our editors!
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GEAR EXPO 2003

Expo Exhibitors Look for
Economic Upswing

ompanies in the gear industry
are looking for signs of an eco-
nomic upswing as they prepare
for Gear Expo 2003, and sev-
eral are seeing such a sign.

The sign is quoting.

“Quoting activity has been heavier
starting in the first quarter,”
Melton,
manager for Gleason Corp. of Rochester,

says Dave

expositions/communications

NY. “We are seeing products are being
quoted, but because of the war [in Irag].
[purchases] are being pushed back.”
Quoting is also up at Contour
Hardening Inc. in Indianapolis, IN.
Quoting has increased for its contract
processing and heat treat systems.
“Which would be a pretty good indi-
cation that something’s getting ready to
bust loose,” says Contour’s vice presi-

A

Joseph L. Hazelton

dent, Michael R. Chaplin.

In Alexandria, VA, Kurt Medert, vice
president of the American Gear Man-
ufacturers Association (AGMA), adds
he's been hearing generally positive talk
about business among gear manufactur-
ers and suppliers through several recent
association meetings.

At American Metal Treating Co.,
though, Bruce Devney is talking to gear
manufacturers and isn’t hearing encour-
aging news. “Nobody is talking right

now aboul any rosy projections for the |

next six months.” says Devney, president
of the Cleveland, OH-based company.
David Goodfellow, president of SU

America Inc. of Hoffman Estates, IL, |

says, “We're hoping there will be some
kind of resurgence in the gear industry
by that time.”

That 5-8, the

when
AGMA will hold Gear Expo 2003 in
Ohio, at

Convention Center.

time 1s Oct.

the Greater Columbus

But, with the economic slowdown,
Melton expects expo attendance to be
down. Devney agrees: “l expect fewer

attendees, traffic should be slower

maybe even less exhibitors.”

Goodfellow notes, though, the expo
is in the heart of the Midwest—Illinois,
Indiana, lowa, Michigan, Ohio and
Wisconsin—which is a “fairly substan-
tial gear industry territory.”

For a sense about attendance, Gear
Technology surveyed people at 20 com-
panies who were potential expo atten-
dees. The survey was informal, so its

results aren’t representative. Still, of 20

companies, 11 replied they'd be sending

ST

The city of Columbus, OH, will be home to Gear Expo 2003, which will be held Oct. 5-8. (Photo courtesy of Nationwide Insurance.)
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INDUSTRIES, INC.

Process Gear has been a
leader in the custom gear
industry since 1942. Process
Gear is capable of producing
parts up to AGMA Class 12
with the documentation and
process control that comes
with M&M?® Precision Gear
analysis. Customer appli-
cations range from power
transmissions, construction
equipment, HVAC, hydraulic
pumps and printing trade
equipment.

Bengal Industries is a
precision custom injection
molder specializing in gears
and engineered plastic parts.
Bengal serves a wide variety
of markets including auto-
motive, medical, industrial,
HVAC and children's prod-
ucts.

-9000 Process Gear
Eu-u 3860-T North River Road

Kb Schiller Park, IL 60176
S (847) 671-1631

Fax (847) 671-6840
WWW.DOCESSear com

al Industries
11346 53rd Street North
Clearwater, FL 33760
(727) 572-4249
Fax (T27) 573-2428
www bzngalindustries com

contact: jherti@processgear.com

The f

Process Industries

f

1+800+860+3908

I GEAR EXPO 2003 | —

In Columbus, more than 130 gear-industry organizations will exhibit at Gear Expo 2003. (Photo cour-
tesy of Rod Berry.)

at least one person to the expo.

None of the people surveyed, though,
replied that he'd be looking at machin-
ery with the possibility of buying.

Still. Melton expects attendees to be a
more focused, serious crowd. “They'll
be looking hard at what new technolo-

gies are out there,” the Gleason manager |
says. “They’ll be more serious buyers |

than tire kickers.”

Serious buyers are what A/W
Systems Co. got at Gear Expo 2001 and
are what it's hoping for again. “We prob-
ably got 12 to 15 good solid leads that
turned into customers,” says Ross
Deneau, vice president of manufacturing
for A/W, located in Royal Oak, MI.

A/W is one of what seems to be the

industry’s “fortunate few.” The slowing |

economy hasn’t touched the cutting-tool

company—"Our particular case, it's |

never slowed down,” Deneau says.
He explains A/W's repair work
increased a lot—"When the economy

slows down, people look to repair

[more] than to replace.” More recently,
Deneau’s seen increased buying of new
tooling. After all, products eventually
wear out.

And Gear Expo is a chance to look at
new products.

Star Cutter Co. of Farmington Hills,
MI, and SU America will feature their

lines of gear-related products, consoli-
dated through Star-SU Inc. and dis-
played in their shared expo space. The
space will also feature Star-SU’s line of
Fellows gear shaper cutting tools, as
well as a Fellows gear shaping machine
from Bourn & Koch Machine Tool Co.
of Rockford, IL.

In its space, Gleason will exhibit its
245 TWG, a threaded wheel grinding
machine, and the GMX 275, an analyti-
cal gear tester. The GMX is first in a new
series of analytical gear testers jointly
developed by Gleason and Mahr GmbH
of Gottingen, Germany.

A/W will display blades (both car-
bide and high speed steel), cutter bodies,
hobs, shaper cutters and other products.
A/W expects to feature its alliance with
Klingelnberg Oerlikon Technology
Center (KOTC) of Saline, MI. The two
companies will keep separale spaces at
the expo, though.

American Metal Treating Co. will
display an induction hardening process
for internal gears. The CNC process can
treat internal gears with outside diame-
ters up to 30 inches and diametral pitch-
es from 2 to 6.

Contour Hardening will exhibit a
dual-frequency hardening process that
can send low and medium frequencies
and radio frequencies through one coil.
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New Business Allies Combine

Expo Spaces

Like the companies of Sigma Pool, several newly allied busi-
nesses will have combined spaces at Gear Expo 2003.

The allied businesses are: Star Cutter Co. and SU America Inc.,
Bourn & Koch Machine Tool Co. and SU America, and Gleason Corp.
and Mahr GmbH.

At Gear Expo 2001, Bourn & Koch of Rockford, IL; Star Cutter of
Farmington Hills, MI; and SU America of Hoffman Estates, IL, occu-
pied their own spaces. At Gear Expo 2003, they'll occupy one 3,200-
square-foot space.

This combining comes from two alliances. The first consolidat-
ed the gear-related product lines of Star Cutter and SU America.
Created in early 2002, the alliance resulted in a joint company, Star-
SU Inc., for selling the consolidated lines.

The second alliance was between Bourn & Koch and SU
America via the gear-related product lines of defunct Fellows Corp.

Founded in 1896, Fellows manufactured gear shaping machines
and cutting tools from its headquarters in North Springfield, VT. On
Feb. 13, 2002, Fellows ceased operations as its parent company,
Goldman Industrial Group, filed for Chapter 11 bankruptcy.

By summer 2002, Fellows' manufacturing assets had been sold
and split between Bourn & Koch, which acquired the assets relat-
ed to gear shaper machines, and Star-SU, which acquired the
assets related to gear shaper cutting tools.

The two companies also agreed Star-SU would be responsible
for promoting, representing and selling Bourn & Koch-built Fellows
gear shapers through Star-SU and Bourn & Koch distribution chan-
nels.

David Goodfellow, SU America’s president, says this expo will
be a chance for previous Fellows customers to be reintroduced to
Fellows products, which have been partly redesigned and re-engi-
neered.

Reflecting another alliance, Gleason of Rochester, NY, will
share its 2,500-square-foot space with Mahr of Gottingen, Germany.
In 2001, Mahr arranged with Gleason to use Gleason's G-AGE soft-
ware on Mahr's PRIMAR form and gear measuring machine.

Their partnership soon became much more extensive. At the
start of 2002, Gleason became the sales and support agent for
Mahr’s gear metrology products around the world. The products
included the gear-specific version of Mahr's PRIMAR machine.

Gleason and Mahr also started to jointly develop new gear
metrology products, which would be sold under the brand name
“Gleason Mahr.” Later in 2002, the two companies introduced the
GMNX 275, the first in a new series of analytical gear testers from the
joint arrangement. O

GEAR EXPO 2003 EEG————
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Besides new products, Gear Expo is a
chance to talk.

Not surprisingly, exhibitors expect

talk in the aisles to be about the econo-
my.

Devney expects the “aisle talk” to |
include the continuing movement of |

gear manufacturing overseas to eastern
Europe, mainland China and India.

my too, but he adds people will also be
talking about quoting activity in their
own companies and what it means,
Goodfellow says he expects talk to
include gear manufacturers themselves
having more chances to quote gear jobs
for the automotive and truck industry as

it continues to outsource more of its |

and finishing cutters and bodies.
We also can manufacture new spiral

at present.

cutters for most 5"-12" diameter bodies.

and bodies.
You'll be in for a pleasant surprise.

NEW! Hob and Shaper Cutter Resharpening
is now available at A/W Systems Company

NOW
U HAVE

THER CHOICE....

and it's made in AMERICA!

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

cutter bodies in diameters of 5 through 12°
A/W can also supply roughing and finishing

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

B

Royal Oak, Michigan 48067
Tel: (248) 544-3852 » Fax: (248) 544-3922

SEE US AT GEAR EXPO 2003 BOOTH # 111
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Chaplin expects talk about the econo- |

manufacturing.

As of June 3, the AGMA had 135
exhibitors set to occupy more than
38,000 square feet of space in
Columbus' convention center. In 2001,
Gear Expo had 192 exhibitors who occu-
pied 57,000 square feet.

Medert, however, says many compa-
nies are waiting until the last minute
before deciding whether to exhibit. He

| adds they're waiting in the hope that

there’ll be an economic upswing.

Despite them, Medert says: “Overall,
I expect the same high-quality show
we've always had.”

Besides U.S. companies. the expo
will host exhibitor companies from
Australia, Canada, the Czech Republic,
Finland, Germany, India, the People’s
Republic of China, Spain, Switzerland
and Taiwan. Other non-U.S. companies
will be represented through their
American operations, such as Mitsubishi

i Gear Technology Center of Wixom, MI,
| and SU America.

In three months, these and other

- exhibitors will gather for the gear indus-

try's trade show. By then, the possible
upswing that several see may be an actu-
al upswing.

As Goodfellow says: “We're hoping
that there's some sense of recovery by
then."
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JRM International, Inc.
Booth Number: 538

ADVERTISING SECTION

Russell, Holbrook
& Henderson

Booth Number: 313

Product Line

JRM International, Inc. has been a distributor of German and American machine tools and acces-
sories since 1984, Burka-Kosmos supplies grinding wheels for all makes and models of thread-
type, profile and generative gear grinders. James Engineering is a builder of gear deburring,
chamfering and washing machines. Schrem hydraulic locknuts are designed for clamping all
types of tools and workpieces. WEKO Gear Technology is a supplier of CNC inspection machines,
machine service and rebuild/retrofit You can also talk to the people from Kesel about their rack

Product Line

As a leader in the fine-pitch gear tooling mar-
ket, our line of TRU-VOLUTE hobs, shaper cut-
ters and gear metrology products are recog-
nized for the highest quality and precision in
the industry

Our products provide the superior quality and
accuracy you demand. Our focus continues to
be on the importance of quality tools, inspec-
tion methods and gear technologies, which are
essential to first-class gear manufacturing.

Company Profile

Established in 1915, Russell, Holbrook &
Henderson, Inc. has since been providing
innovative products and solutions to the gear
tooling industry.

Our parent company, Ogasawara Precision
Laboratory Ltd., Japan, is a world leader in
fine-pitch gear tool manufacturing and related
products.

Contact

Rassell, Holbrook & Henderson, Inc.

For the latest in our TRU-VOLUTE product
updates, related articles and events calendar,
please visit our online website at
http://www.tru-volute.com

| Our sales and technical service can be
reached at the following location
| Russell, Holbrook & Henderson, Inc.
A Member of Dgasawara Group
17-17 Route 208 North, Fair Lawn, NJ 07410
Telephone: (201) 796-5445
Fax: (201) 796-5664
http//www.tru-volute.com

“Gear Tool Solutions”

milling machines. Visit us at booth number 538.

JRM International, Inc.

JRM International, Inc.

5701 Industrial Avenue

Rockford, IL 61111

Phone: (815) 282-9330

Fax: (815) 282-9150

E-Mail: jrmsales@jrminternational.com
Web Site: www.jrminternational.com

Marposs Corp.

Booth Number: 1115
Need to Check Gears?

Looking for an easy, cost-effective way to check

gears? The Marposs M62 bench gauge system with

optional noise detection is accurate, easy to use and

quickly re-toolable using ordinary hand tools. You'll

save time and the cost of dedicated gauges. With the

M62 you can measure:

* Radial composite deviation

= Radial runout

= Tooth to tooth radial composite deviation

* Tangential composite deviation

* Nicks

* Optional measurements include center distance, bore
diameter and perpendicularity of bore to gear face.

All functional checks can be displayed on the rugged
Marposs E9066 industrial PC system that offers a linear
graphic display with full SPC functions

MARPOSS

3300 Cross Creek Parkway
Auburn Hills, Ml 48326-2758
1-888-627-7677 = 1-248-370-0404
Fax: 248-370-0621

E-mail: marposs@us.marposs.com
WWW.marposs.com
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A/W Systems

Booth Number: 111

Description:

We will have on display a selection of cutter bodies and blades. We will have
straight bevel cutters, coniflex cutters and stick blades. (HSS & carbide) We will
have bore gages and height gages. We will have hobs. We will have an assortment
of diamond tools for hard turning and dressing. We will have keyseat cutters and
dove tails on display. We will have CBN and diamond plated wheels. We will also Contact:

have an assortment of hardware. A/W Systems

612 E. Harrison

Royal Oak, MI 48067
Phone: (248) 544-3852
Fax: (248) 544-3922

D r- Ka iser Diamond Dressing Tools

Booth Number: 218

Product Line

Dr. Kaiser Diamantwerkzeuge, located in Celle, Germany, specializes in the design and manufac-
ture of precision rotary diamond dressers for the gear industry. Dr. Kaiser precision diamond prod-
ucts are unsurpassed in quality, accuracy, and innovative design,

Company Profile Contact

Dr. Kaiser provides dressing solutions for continuous generating, single tooth, spiral, bevel, gear, S.L. Munson & Company
and plunge grinding applications in both natural and polycrystalline diamond versions. Dr. Kaiser 401 Huger Street

PCD reinforced dressers significantly extend dresser life when compared with standard non-rein- Columbia, SC 29201
forced direct plated dressers, especially in fine-pitch applications. Dr. Kaiser offers quick delivery Phone: 800-775-1390
and the highest accuracy at competitive prices. Relapping and replating services are available. Fax: 803-929-0507

E-mail: info@drkaiser.com
S.L Munson & Company is the exclusive distributor for Dr. Kaiser products in North America.

Arrow Gear Company

Booth Number: 933

Arrow Gear to Exhibit at Gear Expo

Arrow Gear Company of Downers Grove, lllinois will be an exhibitor at this year's Gear Expo.

Arrow's booth will contain several points of interest for visitors to the show. A variety of gold plated
gears will be on display to illustrate the depth of the company’'s machining capabilities. To communi-
cate the full scope of Arrow's operation, an orientation video will be presented. In addition, printed
materials and interactive CD-ROM programs will be distributed

Arrow Gear produces high precision gears and gearboxes for aerospace and commercial markets. They
have also introduced advanced computer techniques for the design and development of bevel gears.

Arrow Gear will be located at booth #933.
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ADVERTISING SECTION

Dura-Bar

Presrite Corporation

Booth Number; 927

Reduce Your Machining Costs With

Dura-Bar

P / PLus!

Lontinuous Cast lron

Product Line

Dura-Bar is the only manufacturer of
continuous cast iron bar stock in North
America, and is the largest in the world.
Rounds, squares, rectangles, tubes and
special shapes are supplied through a
nationwide distribution network. Inherent
properties include noise and vibration
damping, machinability, strength, and
wear resistance, making our bar stock an
alternative to steel and other metals in
fluid power, gear and other applications.
New Dura-Bar Plus is an engineered iron
that machines better than carbon and
alloy steels and other grades of continu-
ous cast iron. A material of uncompro-
mising consistency, it allows metal com-
ponent manufacturers to machine more
parts per hour, thereby decreasing cycle
time, increasing productivity, and boost-
ing profitability.

Dura-Bar

1-800-BAR-MILL (227-6455)
www.dura-bar.com
sales@dura-bar.com

Booth Number: 820

Product Line

Presrite Corporation’s eight-page color brochure pro-
vides an overview of the company’s forging capabilities,
and information on its equipment and its three forging
plants. It also identifies industries served and customer
benefits. Presrite is equipped with a total of 16 forging
presses, ranging in size from 1,300 tons to 6,000 tons
The company also has a state-of-the-art gear lab and
sophisticated machining equipment. Presrite produces
minimum-draft, net- and near-net-shape forgings up to
3,000 Ibs. and 18 inches in diameter, and provides induc-
tion heating capacity for ferrous materials of 28,000
pounds per hour

Presrite Corporation

3665 East 78th Street
Cleveland, OH 44105-2048
216.441.5990 FAX: 216.441.2644
E-Mail: info@presrite.com
Web Site: www.presrite.com

Chamfermatic Inc.

Booth Number: 1125

Company Profile

Chamfermatic Inc. was started in 1996 with the goal of
building the best, easy-to-set-up gear deburring
machines on the market. We have, by listening to our
customers’ needs, accomplished this goal

Product Line
Chamfermatic Inc. offers a complete line of gear debur-
ring machines with capacities up 1o 36 inches in diame-

ter, from manual to fully automated systems. We also ( Cha,"]fe Inc
l\ -

Contact

incorporate parts washing along with deburring opera- at"c
tions to remove oil, lapping compound and chips from A
your parts, while adding a rust preventative. All of our

equipment has as standard: automatic air-operated 7842 Burden Road

door, operator interface, PLC. and a filtration system.  Machesney Park, IL 61115

Also, they are all portable Mike Magee, President

Phone: {815) 636-5082
Fax: (815) 636-0075
E-mail: chamfer9%@aol.com

Our customer service response time is second to none,
We also offer contract deburring of your gears, along
with rebuilding all makes and models of gear deburring
machines, making Chamfermatic a full-service supplier
to the industry.
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ISHOWSTO

Star-SU

Barit International Corporation

Booth Number: 1134

4

Star-SU offers a comprehensive line of gear
cutting tools of all types, including services for:
Hobs

Shaper cutters

Milling cutters

Rack cutters

Band saw cutters

Profile grinding wheels, electroplated CBN
and diamond-plated

Shaving cutters

Chamfering and deburring tools
Chamfer-roller tools

Rolling and deburring tools for sprocket
gears

Master gears

Screw compressor rotors

Resharpening and recoating of hobs, milling
cutters and shaper cutters

Resharpening of shaving cutters

Stripping and replating of electroplated CBN
and diamond-plated grinding wheels
Complete Commodity Management Services
(CMS)

Pickup and delivery services are available in
certain areas

Visit our website to download our complete
program of products and find the match for
your particular need.

www.star-su.com

sales@star-su.com

Our partners SU America, Star Cutter and
Bourn & Koch offer a complete line of
machine tools for gear roughing, finishing and
tool sharpening applications.
www.suamerica.com

www.starcutter.com

www.bourn-koch.com

See us at AGMA Gear Expo 2003,
Columbus, OH, in Booth 1134.

Booth Number: 917

Company:

Barit International Corporation is a one-
stop solution provider for all gear cutting
tool needs, supplying the world’s indus-
tries with top quality gear cutting tools
since 1989. We excel in cost efficiency,
quality and precision.

Product Line:

* Gear hobs

* Worm gear hobs

* Involute and parallel spline hobs

» Shaper cutters

* Broaches

* Form relieved milling cutters

« Shaving cutters

* Rack type cutters

= Straight bevel cutters

Please visit our booth for more details!

Contact

O

BARIT INTERNATIONAL CORPORATION
3384 Commercial Ave.

Northbrook, IL USA

Tel: B47-272-8128

Fax: 847-272-8210

Website: www.barit.com

E-mail: people@barit.com

ADVERTISING SECTION

Nachi Machining Technology Co.

Booth Number: 500

Nachi Machining Technology Co. represents global technical innovation and leadership in the
machine building and tooling industry. Nachi supplies high technology machining solutions
through the Nachi-Red Ring brand of machines and tools

Nachi Machining Technology Co.’s. goal is to facilitate processes which optimize productivity
while maintaining and improving quality.

The exhibit includes a display of tools, process examples, and video presentations. Broaching,
Roll Forming, Hobbing and Shaving Machines/Tools are employed to demonstrate manufacturing
processes for typical work pieces. Work pieces and manufacturing equipment will be available
for inspection at the show,

Contact

NACHI ==

NACHI MACHINING TECHNOLOGY CO.
17500 Twenty-Three Mile Road, Macomb, M| 48044-1103
Phone: (586) 263-0100

Fax: (586) 263-4571

www.nachimtc.com
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SU America

@’SAMPU'I'ENSII.I

Booth Number: 1134

SU America offers a comprehensive line of gear roughing, finishing and sharpening

equipment including machine tools for Visit our website to download our complete program of
_ products and find the match for your particular need.

Hobbing for dry and wet machining We're closer than you may think

Spiral bevel gear cutting for dry and wet machining www.samputensili.com

Profile grinding of external and internal gears sales@suamerica.com

Continuous generating gear grinding

Shave grinding/honing Our partner Star-SU Inc. offers a complete line of gear

Rotor, worm and broach grinding cutting and finishing tools complementing our range of

Shaving cutter and master gear grinding machine tools,

Chamfering and deburring www.star-su.com

sales@star-su.com
With a long history of manufacturing gear cutting tools Samputensili has gained a
significant competency in applying its own machine tools to its manufacturing See us at AGMA Expo 2003, Columbus, OH, in Booth 1134,
processes

Options that include on-the-machine inspection, automatic dressing or robotic
automation are available. We offer economical single purpose or multiple purpose
package solutions depending on the application need.

Greg Allen Company

Booth Number: 732

Greg Allen Company is dedicated to providing gear tools to the finest gear manufacturers in the U.S., Mexico & Canada. Our product line includes HOBS,
GEAR SHAPER CUTTERS, SHAVING CUTTERS, MAAG CUTTERS, & GEAR MILLING CUTTERS, and OUR SHARPENING FACILITY services & supports all
the above. Every tool that we provide is 100% guaranteed to meet or surpass your spacified requirements. Every tool we furnish bears our name, prov-
ing to you that we will stand behind our tools. We are featuring two of the finest gear tool producers in world at this year's AGMA Show in Columbus:
DRAGON CUTTING TOOLS LTD. & TRANSMECANICA S.A.C.1. Both firms are recognized as World Class Producers of gear cutting tools, which are sold
& serviced in Fairview Park, Ohio, by a staff averaging 25 years' experience in the gear tool field. If your firm has yet to realize the advantage of Dragon
& Transmecanica........... we need to be introduced. Our booth is #732. Stop by and find out why our customers are happy and why they will agree that
Greg Allen Gear Tools "GENERATE PROFIT.

Contact

Jan Thomas

Greg Allen Company / Index Technologies
21135 Lorain Road

Fairview Park, Ohio 44126

440-331-0038 , fax- 440-331-0516

AGMA

Booth Number: 800

GEAR EXPO is the worldwide gear industry event, and the only trade show devoted
exclusively to gearing. This year the Show will be held October 5-8, 2003 at the
Columbus Convention Center in Columbus, Ohio. The Show is international in scope
and provides a biennial forum for the exchange of information on the broad range of
machinery, supplies and services available for the gear manufacturing process. From
software to hardware, from initial design through testing, exhibitors will be available
to discuss solutions to problems associsted with gear manufacturing.

For more information, visit www.gearexpo.com or e-mail gearexpo@agma.org.
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INDUSTRY NEWS

News in the Gear Industry

Company Revitalizes Lees Bradner
Gear Hobbers

Industrial Actuation Group of
Limerick. ME. which recently pur-
chased Fayscout Co., has revitalized
two product lines: Lees Bradner gear
hobbers and Reid precision grinders,

According to its press release, the
company will focus on rebuilding, re-
manufacturing and CNC retrofitting the
existing Lees Bradner hobbers. A line
of CNC hobbers based on the 7-VH is
in the works as well.

Among the product offerings are
machines that have been rebuilt to spe-
cific standards and CNC hobbers with
options to fit specific customer needs.

For more information on Fayscott,
look online at www.fayscott.com. For
more information on Lees Bradner hob-
bers or Reid precision grinders, e-mail
Fayscott@kynd.net.

New Sales Manager at Lepel

Richard Detty was appointed sales
manager of the induction heating divi-
sion of Lepel Corp. Detty has more than
20 years” experience in induction heat-
ing, most recently at Pillar Industries as
the northeast territory’s regional man-
ager. Prior to that, he worked for
Ameritherm as a lab manager and
senior applications engineer.

Lepel. headquartered in New York,
NY, has been delivering induction heat-
ing solutions for 70 years.

BMPTA Tracks Industry's
Production and Trade

A first-of-its-kind report tracking
each European country’s mechanical
power transmission production and
trade data on a comparable basis, inter-
country and over time, was released by
the British Mechanical Power
Transmission Association (BMPTA).

The report lists which products dif-

ferent countries included or excluded |
under headings of chains, gears, gear- |

boxes and transmissions.
Previously called the “Current
Market Outlook,” this report was updat-

ed to provide more consistency, accord-
ing to the association’s press release. |
Use of the euro provided an opportuni- |
ty to generate data on the European
market based on official EU sources, |

such as Eurostat.
The statistical profile is available on

a CD-ROM for free to current BMPTA | coatings in North America. Each facili-

members. For ordering information,
contact the BMPTA of Burton-on-Trent,
U.K., by e-mail at admin@bga.org.uk.

New Department at Renold Gear
Renold Gear developed a service
and repair department that accepts all
types of worm, helical and bevel gear
units, regardless of age or original man-
ufacturer.
Based out of the company's facility at

Milnrow, Lancashire, UK., the depart-
ment also provides opportunities for on- |

site. maintenance and in-site repairs,
plant surveys for planned maintenance

and technical design expertise for all |

applications and design requirements.

According to the company’s press |

release, service/repair gearboxes under-
go exactly

processes as new units, and a compre- |

hensive running test and leak check is
carried out before pass off. A twelve-
month warranty is standard for serv-
ice/repair units.

Baldor Electric Launches
Information Service
ProSpec, a service from Baldor
Electric of Fort Smith, AR, provides up-
to-date information and education about
electric motors, drives. motion control
and gear products. The web site can be
accessed at www.BaldorProSPEC.com.

the same engineering |

Six New Facilities Acquired by
Metal Improvement Co.

Metal Improvement Co., a sub-
sidiary of Curtiss-Wright Corp.,
acquired the assets of six USA EM
Engineered Coating Solutions facilities.
They will operate under the name E/M
Coating Services Division of the Metal
Improvement Co., headquartered in
Paramus, NJ.

Located throughout the country, the
company provides solid film lubricant

ty can apply more than 1,100 different
coatings to impart lubrication, corro-
sion resistance, and certain cosmetic
and dielectric properties to certain com-
ponents,

Industries served by these facilities
include aerospace, automotive, electron-
ics and the general industrial markets.

Philadelphia Gear's Technical
Drawings Available Online
Customers of Philadelphia Gear can
request free technical gearbox drawings

| through a new page on the company's

Internet site.

Available requests include outline
dimension, layout and mass-elastic
drawings. According to the company's
press release, all requests are processed
within 48 hours.

Customers must provide the unit’s
serial number as well as the order num-
ber located on the nameplate of each

| enclosed drive.

Available technical drawings con-

tain information such as dimensions for
input and output shafts and other tech-
nical information enabling engineers to
ensure proper alignment and to resolve
unit footprint issues on-site.
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INDUSTRY NEWS I

Gear Industry Web Traffic

The following charts reflect traffic to three gear industry websites, each representing

activity in a different part of the marketplace.
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Now you can fulfill your
gear rack requirements

with one of two
Innovative solutions—

Contact us to manufacture your
Custom and Stock Gear Racks

» Various Rack Shapes, Sizes & Materials
« Unique Tooth Configurations

Heat Treating
Complete
Machining

* 1DP~
120DP

25 module -
0.25 module
Up to 1687
face width
Up to B2° lengths—longer through resetling
Accuracy tolerances up to AGMA Q11

Spur, Helical, Relleved, Tapered, Crowned
Prototype and Production Quantities

* Breakdown Service Available

« Reverse Enginearing Capability

We use:

» Latest Salkuni CNC Rack Milling Technology
* Precision Rack Shapers

» (Gear Hobbers & Shapers

* Horizontal & Vertical Machining Centers

= CNC Vertical Machining Centers

* Inspection Equipment

o\
\%)

Contact us to sell you
highly-capable machines to
manufacture Gear Racks.

Saikuni CNC Spur & Helical
Gear Rack Milling Machines
= Saikuni's NR series with a long proven track record

« High Power!! High Quality!!

* Various CNC Cutting Functions—variable pitch,
plunge, relief, crown, taper, etc

* |n addition to the standard rack milling machine,
Saikuni manufactures special steering rack and
broach cutter milhng machines, rack grinding
machines, and other machines related to gearing

= Visit Salkuni's website at www.saikuni.co jp

Call Zen & Jerry to get to know Innovative
Rack & Gear Company (IRGCo.) better and
allow us to answer your questions about
us or Saikuni. We look forward to your
requests for quotes on your requirements.

INNOVATIVE RACHK
& GEAR COMPANY

Racks

Custom Gears and Gean

797 Eagle Drive

Bensenville, IL 60106

630.766.2652

Fax 630.766.3245
www.gearacks.com
SEE US AT GEAR EXPO BOOTH #628
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Vegetable-Based Oil as a

Gear Lubricant

Boris Krzan and JozZef ViZintin

Summary

Universal tractor transmission oil (UTTO) is
multifunctional tractor oil formulated for use in
transmissions, final drives, differentials, wet brakes,
and hydraulic systems of farm tractors employing a
common oil reservoir. In the present work, the gear
protection properties of two formulated vegetable-
based UTTO oils, one synthetic ester-based UTTO
oil, one synthetic ester gear oil. and one mineral-
based UTTO oil are investigated.

The data, presented in this paper, have demon-
strated that the formulated vegetable-based
UTTO oils have high lubricity, high viscosity
indexes and provide equivalent or—in some
aspects—superior gear protection performance
compared with the mineral-based UTTO oil. The
high-oleic sunflower oil formulation derived
from the genetically modified plant has shown
better results than the rapeseed-based (canola-
based) oil formulation,

Introduction

It is generally recognized that mineral oil lubri-
cants represent a potential danger in many applica-
tions because they are not readily biodegradable
and are toxic. The need for biodegradable and non-
toxic lubricants has been recognized especially in
the areas where they can come in contact with soil,
ground water, and crops.

Biodegradability is the ability of a substance

Table 1—Test Qils.
Viscosity (mm2/s)
Base stock 0il type Vg Vige Vi il code
Rapeseed oil biodegradable UTTO 48.8 104 209 i
High-oleic sunflower oil | biodegradable UTTO | 514 106 jeam |
Synthetic ester biodegradable gearoil | 101 17.8 195 G
Synthetic ester biodegradable UTTO 51.3 10.9 21 H
Mineral oil uTTo 55.1 92 150 M
Table 2—Fatty Acid Content In Test Vegetable Base Stocks.
Fatty acid content (%)
Base stock Palmitic | Stearic Oleic Linoleic | Linolenic | Other
C16:0 C 18:0 C 181 €182 C18:3

High-oleic sunflower oil | 4.7 37 126 17.0 / 20
Rapeseed oil 6.1 25 49.1 322 6.9 32

carbon-chain fatty acid with three double bonds.

C XY .... fatty acid chain of length X and containing Y double bonds; e.g. C 18:3is an 18
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to be decomposed by the action of bacteria into
CO2, water, mineral compounds and bacterial
bodies. Biodegradability is influenced by numer-
ous factors, of which the main are the molecular
structure and the chemical properties of organic
compounds and the environmental conditions of
biodegradability, such as the presence of oxygen,
the possible level of nutrition and the pH (Ref. 1).

Vegetable oils and synthetic esters are the most
common base stocks for biodegradable lubricants.
Synthetic oils represent a fairly recent development
in the lubrication market. They can be made by
reacting alcohols with fatty acids. Synthetic oils
offer improved performance compared with all
other lubricants, but at a price. Both vegetable oils
and synthetic esters are highly biodegradable and
readily available, but vegetable oils occur naturally,
have a “greener” image, and are, in general, three
times cheaper. Properly balanced additives can
compensate for low temperature performance and
oxidative stability of the vegetable oils and favor
them as the base stock of choice (Refs. 2-3),

A comparison of the simplified chemical struc-
tures of mineral and vegetable oils shows great
similarities. The major difference is that vegetable
oil is an ester, while mineral oil is a hydrocarbon.
The presence of the polar ester group impacts sev-
eral properties, making vegetable oil better than
mineral oil in reducing friction and wear. The
polar group also makes vegetable oil a better sol-
vent for sludge and dirt, which would be other-
wise deposited on the surfaces being lubricated.
Because of these properties, it may be possible to
reduce the amount of friction modifiers, antiwear
agents, and dispersants required to formulate veg-
etable oil-based lubricants.

The agricultural equipment is ideally suited to
use vegetable oil-based lubricants, because the
equipment operates close to the environment. The
opportunity exists to create a continuous cycle in
which the agricultural equipment is lubricated by
the oil from a plant growing in the field being cul-
tivated by that same equipment (Ref. 2).

Universal tractor transmission oil (UTTO) is
multipurpose oil widely used for agricultural, con-
struction and other off-road vehicles. UTTO oil is
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specially designed for lubricating the transmis-
sions, final drives, wet brakes and hydraulic sys-
tems employing a common oil reservoir. UTTO
oil has to meet some specific requirements to
operate in agricultural and construction equip-
ment. The oil must provide the correct frictional
balance to prevent wet brake chatter and to allow
smooth transmission clutch engagement,

At the same time, the oil must provide enough
clutch capacity for efficient power transmission and
enough brake capacity to stop the tractor in a reason-
able time and distance. UTTO oil must also provide
sufficient antiwear (AW) and extreme pressure (EP)
properties for the whole transmission system, espe-
cially for the spiral bevel ring and pinion gears in the
axles. The AW/EP additives must not be so active as
to cause corrosion in the tractor’s hydraulic system,
where pumps containing alloys of copper can be
present (Refs. 2 and 4).

Rapeseed and sunflower oils are currently
used in Europe for the formulation of the
biodegradable lubricants. In the present work, the
antiwear and extreme pressure properties of for-
mulated rapeseed and high-oleic sunflower-based
UTTO oils, synthetic ester-based UTTO oil, syn-
thetic ester gear oil, and mineral-based UTTO oil
are investigated on FZG test equipment. The
selected formulated vegetable-based UTTO oil
was further tested on the helical gear test rig.

Sample Preparation

Qil samples. We have formulated two differ-
ent vegetable-based UTTO oils for the investiga-
tions, The first formulation is based on the rape-
seed base stock, while the second base stock is
derived from a genetically modified sunflower
plant with a high oleic content. The same additive
system is used for both formulations. The proper-
ties of these two fully formulated vegetable-based
UTTO oils were compared with a commercially
available mineral-based UTTO oil, a fast
biodegradable synthetic-based UTTO oil and a
synthetic ester-based gear oil (see Table 1).

The test UTTO oils have a kinematic viscosi-
ty between 9 mm?®/s and 11 mm?/s at 100°C. This
viscosity offers sufficient thickness to promote
good gear protection and is still suitable for the
hydraulic system. The synthetic ester G has a vis-
cosity two 1SO grades higher than other test oils
and is suitable as a gear oil only.

The main difference between the vegetable
base stocks for R and S formulation lies in fatty
acids content (see Table 2). The high-oleic sun-
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Figure 1—Elemental analysis of oils.
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Figure 2—Friction coefficient mean values.

content of oleic acid than rapeseed oil. Due to the
higher saturation, the high-oleic sunflower oil has
better oxidation stability than the rapeseed oil.

Elemental analysis of additives. Spectrometry
via ED-XRF (energy disperse X-ray fluores-
cence) has been used to obtain the elemental
composition of additives for the test oils (see
Figure 1). The elemental composition of additives
is quite similar for the formulated vegetable-
based UTTO oils R and S and the reference syn-
thetic ester-based UTTO oil labeled H. The min-
eral UTTO oil labeled M contains a significantly
higher level of calcium and sulfur than any other
test oil. The synthetic ester-based gear oil labeled
G shows a low amount of additive concentration
compared with the UTTO test oils,

Preselection Experiments and Test Results

SRV test results. The coefficient of friction
measurements have been performed on an SRV
high frequency test device. SRV stands for the
German words “Schwingung” (oscillation),
“Reibung” (friction) and “Verschleiss” (wear).
The device produces linear oscillating motion of
a ball on a flat specimen under boundary lubri-
cating conditions. A thin layer of lubricant is

flower base stock is derived from a genetically | spread over the flat specimen before each test. On
altered plant and possesses a significantly higher i the SRV test rig, just the friction coefficient at
www.powertransmission.com » www.geartechnoelogy.com » GEAR TECHNOLOGY » JULY/AUGUST 2003 29

Boris Krzan

is an assistant researcher in
the mechanical engineering
faculty at the University of
Ljubljana, Slovenia. He also
works in the universiry'’s
Centre for Tribology and
Technical Diagnostics. His
research involves lubrication,
with special interest in used
oil analysis, ferrography and
biodegradable, vegetable-
based lubricants.

Dr. Jozef Vizintin

is a professor in the
University of Liubljana's
mechanical engineering fac-
ulry and is head of the Centre
Jor Tribology and Technical
Diagnostics. His major
research interests are veg-
etable-based lubricants, wear

! ¢ of advanced mate-
rials, and diagnostics and
prediction of wear failures in
mechanical systems. For his
doctorate, ViZintin studied
power losses in gears.



http://www.geIT.tednology

14
E 12
E
E 1
E 08
L]
=
= 06
@
3
g 1|

0 | :
Oleic - Stearic Palmitic Linoleic Linolenic
Fatty Acids
Hertzian Pr , 3.17 GPa; Frequency, 50 Hz; Amplitude, 1,000 um; Speed, 0.1 m/s;
Temperature, 80°C; Duration, 120 min.

Figure 3—Antiwear properties of fatty acids.

{1) test pinion
(2) test gear
(3) slave gearbox

(4) brace coupling (7) torque measuring coupling {10} shaft 1
(5) locking pin (8) temperature sensor {11) shaft 2
(6) load lever and weights  (9) test gearbox (12) electric motor

Figure 4—Schematic section of the FZG gear test rig.

sliding motion was measured. The test rig config-
uration and the test specimens are described in
DIN 51 834 T2 (Ref. 5).

Figure 2 shows the results of friction coeffi-
cient measurement of the test oils. The mineral-
based UTTO oil M shows the highest value of
average friction coefficient. The biodegradable
oils exhibit less friction, especially the test oil G.
Biodegradable UTTO oils with similar elemental
compositions of additives—R, S, and H—aobtain
almost the same value for friction coefficient.

Five different fatty acids contained in the veg-
etable oils were tested on the SRV test device to
demonstrate their antiwear properties (see Fig. 3).
The oleic fatty acid proved to have the best anti-
wear properties at the selected parameters.
Antiwear properties and good oxidation stability
make the oleic fatty acid the most desired fatty
acid in the vegetable lubricant oil formulation.

FZG test results. The FZG gear test rig is
commonly used to evaluate scuffing load capaci-
ty, pitting resistance and slow-speed, high-load
wear resistance. Experiments are based on a fail-
ure of a standard gear set, lubricated with the test
oil under specific test conditions, using the test
rig illustrated in Figure 4 (Refs. 6-7).

i’ The load-carrying capacity of lubricants was
i investigated by using the standard FZG A/8.3/90
test procedure. The test oil is subjected to a load,
increasing by stages, until the scuffing failure cri-
terion has been reached. Twenty millimeters of
tooth scuffing indicate a test failure. The failure
load stage is reported as a result (Ref. 6-7).

Investigations of the pitting resistance were
performed on the FZG gear test rig in the standard
pitting test C/8.3/90. After a two-hour run-in at
load stage 6 (135.3 Nm), the test is run at load
stage 9 (302 Nm) until the failure criterion is
recorded. The number of pinion load cycles when
the critical damage of the tooth flanks occur is
reported as a result (Ref. 8),

UTTO oils are intended to lubricate transmis-
sions and gearboxes of the tractors. In such sys-
tems, high temperatures, high loads and low
speeds are very common conditions. The primary
mode of failure observed with the spiral bevel
gearing is scuffing, while the planetary units
encounter normal abrasive wear. There are a num-
ber of methods to evaluate scuffing. but the pri-
mary concern of this investigation is to simulate
normal rubbing wear of the planetary gears. In the
slow-speed, high-load wear test, the C-type gears
were used to reduce the sliding velocity and con-
sequently the probability of scuffing. The test pro-
cedure is divided into two stages. The test gears
are weighed before and after each stage and the
weight loss associated with wear is recorded as a
result which indicates the lubricant antiwear per-
formance (Ref, 9-10).

The main FZG test conditions are summarized
in Table 3.

The results of the FZG tests are summarized in
Table 4. The best results on the FZG test rig were
obtained with the synthetic ester-based oil G,
which has a viscosity that’s two ISO grades high-
er than other oils.

The results of scuffing load capacity for UTTO
oils show better scuffing resistance for the formu-
lated high-oleic sunflower-based oil S, which
passed the 1lth load stage while the other veg-
etable-based formulation R and reference UTTO
oils passed the 10th load stage. Generally, UTTO
oils exhibit a scuffing load stage between 9 and
11; therefore all tested oils meet these require-
ments (Ref. 11).

The results of pitting investigations show supe-
rior pitting resistance of the vegetable- and the
| synthetic esters-based oils, compared with the
i mineral-based UTTO oil. The high-oleic sun-
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flower oil S showed very good pitting performance
among the formulated UTTO oils.

The results of slow-speed, high-load wear inves-
tigations indicate no significant difference in wear
rates among the UTTO oils. All test oils show low
wear rates in a slow-speed, high-load FZG test.

On the basis of the FZG test results, we select-
ed the formulated high-oleic sunflower-based for-
mulation S for further investigations,

Helical Gear Test

Helical gear test rig. A helical gear test rig was
used in order to demonstrate viscosity stability, anti-
wear properties, oxidation resistance and seal compat-
ibility of the formulated high-oleic sunflower-based
UTTO oil labeled S in controlled laboratory condi-
tions. Through periodic sampling of the lubricant and

Table 3—FZG Test Conditions.

Parameters

Unit Scuffing Pitting

Wear

Stage | [ Stage Il

Test gears type

A C

C

Load stage - 9

10

Gear torque

Nm . 302

Circumferential speed

m/s

83

83

Pinion rotational speed

rpm

2,170

2,170

Running time

hour | '/e-one

3726
0.35
93
20

stage | until failure

3726
0.20
53
30

Sump temperature

°C

90, at start

121

.. incrementally increased load.

Table 4—FZG Test Results.

0il Scuffing
A/B.3/90

(FZG load stage)

Pitting
C/8.3/90
{cycles of pinion)

Slow speed wear
C/0.35-0.25/120
(weight loss in mg)

10 13.96 10°

114"

11 26.75 10°

]ml}

30.00* 10%
10 15.66 10
M 10 7.70 108

* ... pitting test was stopped, but critical failure did not occur.
1) ... Stage I/Stage II.

>12

IT|@|w|>o

used oil analysis, the condition of the test oil and parts
of the gearbox were determined.

The helical gear test rig is schematically shown
on Figure 5. The AC drive motor with frequency
regulation runs a test gear-unit which is lubricated
with the formulated high-oleic sunflower-based
UTTO oil S. For load simulation, as a brake, the
DC generator and electric heaters are used. The
DIN CK60 pinion and DIN CK45 gear, case hard-
ened to 60-62 HRC and not undercut, were used
during the test. These helical gears had face widths
of 30 mm, normal modules of 2.5 mm, and the
drive pinion had 31 teeth meshing in a 1:1.5 ratio.
The test rig was run continuously 12 hours per day
at a constant load of approximately 60 Nm of
torque. The oil temperature was maintained in the
range of 78-82°C. A pair of helical gears was
rotated until the lubricant deteriorated.

Oxidation of lubricants is normally measured
by total acid number (TAN) and viscosity increase.
New oils have an initial TAN, therefore the
increase over the initial value measures oxidation.
If the TAN exceeds 2.0 mg KOH/g over the origi- |
nal value, the oil should be changed. (The unit “mg :
KOH/g" is the quantity in milligrams of potassium :
hydroxide (KOH) needed to neutralize the acid |
constituents in one gram of lubrication oil.) A :
strong indicator of oil degradation is also its :
increase in viscosity. Normally a 20% increase in |
viscosity is a warning that the oil is reaching the |

:
i
!
1
!
1
i
I
!
!
|
!
I

13/13"

.

!

®

-

electromotor

®

>

generator

>y

electric
brake

test gearbox

Figure 5—Schematic diagram of the helical gear test rig.

sui i _._._,_..%v—i
€

| Kinematic viscosity }

|

| 2
gt RNy
10 (“_ U | Ll 4

TAN [mg KOH/gl

Kinematic viscosity @40°C [mm?¥/s]

- .24 |

450 600 750
Operating hours
Figure 6—Trend values for viscosity and TAN.
by a stable value until the sudden rise at 650 oper-
ating hours, which indicates the oil deterioration.
Gearbox condition. Oil in the gearbox could be
a very useful condition monitoring media. If we
can separate the debris from the oil, we can iden-
tify and track an abnormal wear condition without
tearing down the equipment. Wear particles con-
tained in the lubricating oil carry detailed and
important information about the condition of the
oil-wetted components in the gearbox. If no exces-

end of its useful life.
0il condition. The top line on the graph in
Figure 6 represents kinematic viscosity of the
high-oleic sunflower-based UTTO oil S, measured
at 40°C. After initial shear-down, the viscosity is
stable until 600 working hours, when a slight
increase is observed. The bottom TAN line shows ! sive wear is observed, then this indicates that the
three distinct sections: initial increase is followed i effective lubrication in the gearbox is maintained
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Figure 7—Quantitative ferrography readings.
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Figure 8~Trend values for WPC and PLP.

during the operation,

The method used for the quantitative evalua-
tion of the wear particle concentration was direct
reading (DR) ferrography. DR ferrography mag-
netically separates wear particles from lubricants
and optically measures the relative concentration
of ferrous particles present in the oil sample. The
instrument is able to detect particles in the length
range of 1-300 microns. The output of the DR fer-
rography consists of two digital readings, a DL
(density large) for large particles (> 5 pm) and a
DS (density small) for small particles (1-2 pm)
(Ref. 12).

Figure 7 shows the measured values for DL
and DS for high-oleic sunflower-based oil S as a
function of operating time. These readings can be
processed in several ways to allow easier identifi-
cation of an abnormal wear mode. Two such ways
are briefly described (Ref. 12):

Total Wear Particle Concentration (WPC)
WPC = DL + DS
Percentage of Large Particles (PLP)
PLP = [(DL - DS)/WPC]*100 (2)

Although the magnitude of the WPC is impor-
tant, the change from historical values is the indi-
cator of machine wear condition. Quantitative fer-
rography is a trending tool and not a particle

(1

count. In normal operating conditions, a baseline
of normal wear may be established and the aver-
age of WPC values can be calculated.

The average of Wear Particle Concentration
value (WPC, )

WPC, .. = |ImEZWPC* (3)
where WPC* means that only normal wear data
are summed (outliers are excluded).

The WPC value should not exceed the value
of an alarm limit—the critical wear particle con-
centration that is based on the WPC,_ value and
standard deviation of the normal samples (out-
liers are excluded).

The critical Wear Particle Concentration (WPC )
WPC_ =WPC,, . +20 (4)
where o is a population’s standard deviation.

The most informative method for DR results
representation is a plot of WPC and PLP in the
same graph, because an increase in both WPC
and PLP is the best indication of an abnormal
wear condition. Figure 8 shows the calculated
values for WPC and PLP, which are plotted over
time. The WPC value shows an initial sharp rise
through a running-in process, during which the
quantity of wear particles quickly increases and
then settles to a lower value after 350 operating
hours, when a normal wear period is beginning.
The WPC and PLP values remain relatively con-
stant in the normal running operation period,
because the gearbox wear reaches a state of equi-
librium in which the particle loss rate equals the
particle production rate.

An alarm limit for severe wear WPC_ can be
calculated for the last six samples, because at
least three data in the normal wear period are nec-
essary to determine WPC, _ and a population’s
standard deviation ¢ before the WPC__ for the
first point can be calculated. All WPC values are
beyond the alarm limit, therefore the gearbox
operates in the normal wear mode. The test was
ended when the test oil started to deteriorate and
before the gear failures occurred.

To avoid leakage problems, seals used in a
gearbox should be compatible with the test oil.
Fluoroelastomer (Viton®) was used as a seal mate-
rial for the test. The seals were inspected after the
test and no change in the geometry was found.

Discussion

Two formulated vegetable-based UTTO oils,
two synthetic esters, and a mineral UTTO oil
were investigated with respect to their gear pro-
tection properties. The study has shown that the
gear protection properties of the formulated veg-
etable-based oils are comparable with the corre-
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sponding mineral-based oil. However, the FZG
investigations show significantly better results
for pitting resistance for the vegetable-based oils
and synthetic esters.

The vegetable-based oils and synthetic esters
exhibit very good lubricity in boundary lubrica-
tion conditions, because the synthetic esters con-
tain organic straight chain compounds with polar
end groups—fatty acids (see Table 2). The polar
nature of the biodegradable oils gives them a
greater affinity for metal surfaces than nonpolar
mineral oils. The need for antiwear additives is
reduced. Therefore, with lower concentration of
the additives, both the vegetable- and synthetic-
based oils show lower friction coefficients than
the mineral test oil (see Figs. 1-2).

The FZG test results indicate that oil viscosity
has a strong influence on scuffing performance
and pitting resistance (Ref. 13). The best results
are obtained with the synthetic-based gear oil,
which has a viscosity two ISO grades higher than
the UTTO test oils. At the same time, this syn-
thetic ester has the lowest concentration of addi-
tives. The gear oils are generally of higher vis-
cosity than hydraulic oils, but UTTO oil is a mul-
tipurpose lubricant that has to meet both the gear
protection and hydraulic system requirements.

Vegetable- and synthetic-based oils have
excellent viscosity properties. Their viscosity
indexes (VI) exceed 195, while the VI for miner-
al UTTO oil equals 150 (see Table 1). The high-
er VI allows for the formation of the thicker
lubrication film and for better separation of the
contact surfaces at working temperatures (Ref.
14-15). The UTTO oils are of the same ISO
grade viscosity, but tests—especially for pitting
resistance—show a great differentiation in the
results. Besides the lubricant viscosity, the lubri-
cant base stock has a great influence on pitting
resistance, while the additive type and concentra-
tion have only a minor influence. The FZG pit-
ting test conditions correspond to a Hertzian con-
tact point pressure of 1.65 GPa, while contact
pressure at the SRV test is 2.0 GPa. The pitting
test results closely follow the SRV investigations.
Measured friction coefficient (Figure 2), the fatty
acid content (Table 2), and antiwear properties of
fatty acids (Figure 3) determine the pitting per-
formance. The higher number of cycles until fail-
ure is thus a function of the lower sliding friction
at the point of contact and, consequently, lower
tangential stresses on the surface, which can effi-
ciently prevent fatigue failure associated with
surface-initiated cracks (Ref. 16).

Summary

The vegetable-based UTTO oil formulations have
the advantages of having a green source of oil and
lower cost than a biodegradable synthetic UTTO oils.
Agricultural equipment is ideally suited 1o use veg-
etable-based oil because the tractor is lubricated by oil
derived from a plant growing in the field that has been
cultivated by the same equipment.

The vegetable-based oil formulations exhibit
low changes of viscosity with temperature. The
viscosity index improvers can be used to enhance
the viscosity index of mineral-based oils, but it is
advantageous to have a high viscosity index “built
into” the base oil molecule itself.

The tests show that the pitting resistance of
vegetable- and synthetic ester-based UTTO oil
formulations is significantly better compared with
the mineral UTTO oil.

The investigations on the helical gear test rig
have shown that the test high-oleic sunflower-
based UTTO oil formulation derived from the
genetically modified plant provides sufficient
gearbox lubrication for 600 operation hours at a
maintained oil temperature in the range of
78-82°C. O
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Design of High Contact Ratio
Spur Gears Cut With
Standard Tools

Evgueni Podzharov and Almantas Mozuras

Abstract

In high precision and heavily loaded spur
gears, the effect of gear error is negligible, so the
periodic variation of tooth stiffness is the princi-
pal cause of noise and vibration. High contact
ratio spur gears can be used to exclude or reduce
the variation of tooth stiffness.

A simple method of designing high contact
ratio spur gears cut with standard tools of 20° pro-
file angle is presented in this paper. It consists of
increasing the number of teeth on mating gears
and simultaneously introducing negative profile
shift in order to provide the same center distance.

Computer programs to calculate static and
dynamic transmission error of gears under load
have been developed to evaluate dynamic proper-
ties of gears. The analysis of gears using these
programs showed that gears with high contact
ratio of 1.96 have much less static and dynamic
transmission error than standard gears.

Introduction

The periodic change of tooth stiffness, gear
errors and friction force impulse at the pitch point
are the principal causes of vibration and noise in
gears. In high precision and heavily loaded gears,
the effect of gear errors is insignificant, so the
periodic variation of tooth stiffness and friction
force impulse are the most significant causes of
noise and vibration.

1.8
196
184
198
12
19

18
18

W 4 5 60 T B0 0 100

Tooth number z1

Figure 1—Contact ratios of HCR gears cut with a standard rack tool of 20°

pressure angle,

High contact ratio spur gears can be used to
exclude or reduce the variation of tooth stiffness.
Kasuba (Ref. 1) established experimentally that
the dynamic loads decrease with increasing con-
tact ratio in spur gearing. Sato, Umezawa, and
Ishikawa (Ref. 2) demonstrated experimentally
that the minimum dynamic factor corresponds to
gears with a contact ratio slightly less than 2.00
(1.95). The same result was found experimentally
by Kahraman and Blankenship (Ref. 3) and theo-
retically by Lin, Wang, Oswald, and Coy (Ref. 4).

The increase in contact ratio can be implement-
ed by decreasing pressure angle and increasing
tooth height. In the previous works (Refs. 2-4), the
increase in the tooth contact ratio was implemented
by increasing tooth height. Vulgakov (Ref. 5) pro-
posed a method of designing nonstandard gears in
generalized parameters and found that spur gears
with a contact ratio of more than 2.0 and a pressure
angle more than 20° worked considerably quieter.
Rouverol and Watanabe (Ref. 6) proposed maxi-
mum-conjugacy gearing, which has a low pressure
angle at pitch point and increases slowly at the tip
and at the root. The measurements also showed a
considerable reduction in the noise level compared
to standard gears.

Nevertheless, the use of standard pressure
angle and standard tool is preferable. In the
author's previous work (Ref. 7), a simple method
of designing high contact ratio spur gears with a
standard basic rack of 20° profile angle was pre-
sented. This method allows us to design gears
with a contact ratio of nearly 1.95. In this paper,
an analysis of static and dynamic transmission
error in standard gears with 20° pressure angle
and high contact ratio gears is given,

Method of Design of High Contact Ratio Spur
Gears Cut with a Standard Tool

An increase of the contact ratio can be carried
out by the method (Ref. 7) in the existent gears by
incrementing the sum of numbers of teeth in the
gears by two and then simultaneously introducing
a negative displacement of the gear tooth profile
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in the following way. The operating transverse
pressure angle is equal.
a,, =arccos(a-cosa, /a,) (1)
where o is the operating transverse
pressure angle;
@, is the transverse pressure angle;
a=0.5m, +(z, +z,) is the standard center
distance;
a,_ is the operating center distance;
m is the module;
Zy(2,15 the tooth number of pinion (gear).

Then, the sum of profile shift coefficients is

determined by
Tx =(z, + 2, + 2)(imva, —inva, )/ 2gu, (2)
where
inv() is the involute function of the angle;
@, is the normal pressure angle.

The profile shift coefficients of the pinion
x,and gear x, can be selected, balancing specific
sliding (Ref. 8). The conditions of interference
absence must also be checked.

Contact ratio of a spur gear:

Bu‘:z;ph (3)

where Z is the active length of the line of contact;

p, = T m cose. — base pitch 4)

The calculated values of contact ratio for the
range of tooth numbers from 30-100 for both
gears are presented in Figure 1. These values vary
from 1.89 to 1.95.

The real value of contact ratio is slightly higher
due to the consequence of the tooth deformation
under load and edge contacts at the beginning and
the end of contact. The absence of tooth undercut
gives the range of values of tooth numbers (approx-
imately z > 26) for these high contact ratio gears cut
by a rack-type tool of 20° profile angle.

The pressure angle in HCR gears is lower than
in standard gears. The lower pressure angle leads to
greater sliding velocity and increases the risk of
scuffing. The negative shift coefficient which must
be introducted in this type of gear decreases the
bending resistance of a pair of gear, but because of
better load distribution between two pairs of teeth,
this can be partly compensated. So, the HCR gears
must be checked for bending and scuffing resis-
tance of teeth.

Figure 2—Gear dynamic model: (a) model of tooth engagement, (b) dynamic

model,

Determination of Static Transmission Error
in Spur Gears

The tooth engagement model presented in
Figure 2a shows the influence of load distribution
between teeth on effective gear errors, Following
Yelle and Burns (Ref. 9) and Remmers (Ref. 10),
the tooth profile is represented as a slide and the
teeth as springs with rollers. The pitch error is
modeled as a step base for spring and profile
error, and base pitch error is displayed as an
undulated inclined slide surface. From the analy-
sis of this model, it is evident that having finish
tooth errors, tooth edge contact designed as
slopes AB and CD on the slide, the tooth load is
not distributed uniformly between teeth.

Here C,; is the stiffness of the i-th pair of teeth;

S, is the kinematic error of the i-th pair,
composed by base pitch error and pro-
file error;
is the circular pitch error difference of
the i-th pair of teeth;

X, is the static transmission error under
load;

is the local kinematic error of the i-th
pair of teeth;

is the base pitch error; and

€, is the contact ratio.

In Figure 2a, the positive error is directed out-
ward from the slide and the negative error is
directed into the slide. As a consequence, a posi-
tive error corresponds to spring compressions.
With these definitions, the tooth deflection, which
appears as the result of the action of positive
tooth error, is also positive. Then, the transmis-
sion error x,, can be expressed by current errors
of several pairs of teeth and its deflections x,; in
the following way:

f pri

Xy =X+ iy )

where
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Iei =8+ Iy (6)

The kinematic error during tooth edge contact
at the beginning and the end of tooth mesh (the
sections AB and CD on the slide, see Fig. 2a) can
be evaluated using the method exposed by Seireg
and Houser (Ref. 11). The error in the section BC
of the slide can be determined as a sum of cosine
and linear functions.

The normal force between teeth is equal.

F.= Z(‘,,xh = Z(.",Ltj +1) )]
=l il
Transforming Equation 7, we have
x,=(F, ﬁic'h ;;')Iich (8)
=l =1

Using formulas in Equations 5-8, one can find

2_
Ei 147
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Figure 3—Static transmission error in gears: I-standard gear, 2-high contact
ratio gear with standard tooth height, 3-high contact ratio gear with increased
tooth height.
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Figure 4—Tooth addendum corresponding to contact ratio of 1.96.

Table 1
No.| m,mm | a,,mm Z, z a,, X, X, h}
1 3.0 135 40 | 52 20° 0.000 0.000 1.000
2 3.0 135 41 | 53 16.24° | -0.393 | -0.520 | 1.000
3 3.0 135 4 | 53 16.24° | -0.393 | -0.521 1.018
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the kinematic error of tooth engagement under
load at any moment in time, which is static trans-
mission error. At first, the calculation is done with

n=1, assuming that f’, , = f, " is the maximum
tooth error in the tooth engagement. Then, if x, +
[, >0, we accept n = 2 and continue the calcula-
tion. The method developed by Weber and
Bonaschek (Ref. 12) is used to determine the tooth
stiffness at any position. Calculation of static
transmission error can be used in designing a gear
with the purpose of selecting geometric and preci-
sion parameters, which assures a minimum exci-
tation of vibration in gear engagement.

Analysis of Static Transmission Error of
Standard and High Contact Ratio Spur Gears

The geometric parameters of gears analyzed
here are shown in Table 1.

Here m is the module of gears:

a_ is the center distance;

Z)3) 18 the tooth number of pinion (gear);

@, is the operating transverse pressure angle;

X, .2, is the profile shift coefficient of pinion

(gear);

h¥=h,/mis the addendum coefficient; and

h, is the addendum, pinion (gear).

The results of the calculations of static trans-
mission error for the gears with parameters shown
in Table 1, without tooth errors, are presented in
Figure 3. In the graphics of Figure 3, the values of
transmission error are presented in dimensionless
form, where x% = x, /x,, where x,, = F /C,, mean
tooth deflection, and C,, = mean tooth stiffness of
gear mesh.

It can be seen from the figure that the variation of
transmission error of the gear with standard pressure
angle and standard tooth height {without tooth errors)
has a stepped form (curve 1), The stepped form of
transmission error is due to a change in tooth stiffness
between one-pair tooth contact zone and two-pair
tooth contact zone. The static transmission error of
this form can excite high-level vibration. The gear
pair with high contact ratio and standard tooth height
(Equation 2) has an increased tooth contact ratio (€, =
1.93). This contact ratio was obtained by increasing
the number of teeth of the pinion and the gear each by
one, and introducing negative profile tooth shifts (x,
=-0.393 y x, =-0.52), according to the method pro-
posed (Ref. 7).

The static transmission error here is not large, but
it has a peak that can cause vibration excitation. To
further reduce the transmission error, we must
increase tooth addendum by 0.018 of its value (h " =
1.018). The contact ratio of this gear is 1.96. In this
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case, the static transmission error almost completely
disappears (curve 3 in Figure 3).

The increments of tooth addendum which cor-
respond to a contact ratio of 1.96 were calculated
by iteration and presented in Figure 4. For the
range of tooth numbers from 30100, the required
increments of addendum vary from 1.005-1.035
of its value, and these increments can be made
using standard tooth tools.

Dynamic Transmission Error

The dynamic model of a gear pair is presented
in Figure 2b. Here, C, , is stiffness of support of a
pinion (gear), C,(1) is stiffness of tooth mesh, m,,,
is mass of pinion (gear), J, ,, is moment of inertia
of pinion (gear). These parameters have the fol-
lowing values C, = 45.5 MN/m, C, = 81 MN/m,
Cyy=363 MN/m, m =338 kg, my=45kg. J, =
0.297 « 10 kg m* , J, = 0.835 » 10~ kg m?. The
dissipative coefficient was expected to be 0.05. In
this dynamic model, the tooth engagement is rep-
resented by the structural model shown in Figure
2a. The whole dynamic model is described by
three differential equations with periodic functions
that were solved by a program based on the use of
the Runge-Kutta method (Ref. 13).

The results of the solution of the equations for
three types of gears without errors are shown in
Figure 5, for one period of stationary vibrations,
and for tooth mesh frequencies from 0-3,000 Hz.
The dynamic transmission error is also represent-
ed here in dimensionless form.

It can be concluded from the figures that:

1. Standard gears have very high amplitudes of

vibrations (Figure 5a).

2. Amplitudes of vibrations diminish in high contact

ratio gears with standard tooth height (Fig. 5b).

3. Vibrations completely disappear in the case of high

contact matio gears with slightly increased tooth

height and contact ratio equal to 1.96 (Fig. 5¢).

4. Curves at zero frequency are identical to the sta-

tic transmission error curves in Figure 3.
Conclusions

Methods and programs have been developed to
calculate static and dynamic transmission errors
under load in spur gears. A tooth mesh of periodic
structure, which takes into account deflection and
errors of each pair of teeth in the enagement, is used.

The analysis of static and dynamic transmission
errors in high-precision, heavy-loaded standard
gears, high contact ratio gears of standard tooth
height and high contact ratio gears with slightly
increased tooth addendum showed that, in the last
type of gears, the static and dynamic transmission
errors can be almost completely excluded. O
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I TECHNICAL CALENDAR I

July 17-18—12" Annual Gear Failure Analysis Seminar.
Big Sky Resort, Big Sky, MT. Sponsored by the AGMA, this
30-participant seminar examines macropitting, micropitting,
scuffing, tooth wear and breakage. $625 for AGMA members,
$795 for non-members. For more information, contact the
AGMA by telephone at (703) 684-0211 or by e-mail at
tech@agma.org.

September 2-6—ASME/AGMA 2003 International Power
Transmission and Gearing Conference. Marriott Chicago
Downtown, Chicago, IL. Held once every four years, this event
is sponsored in conjunction with the ASME International
Design Engineering Technical Conferences, along with seven
other conferences. $390-$680, depending on the level of mem-
bership and the number of conferences attended. For more
information, contact ASME via the Internet at
www.asmegear.eng.ohio-state.eduw/home.hrml.

September 15-19—AGMA Training School for Gear
Manufacturing. Richard J. Daley College, Chicago, IL. Offers
classroom and hands-on training in gearing and nomenclature,
principles of inspection, gear manufacturing methods, and hob-
bing and shaping. Designed for employees with six months’
experience in setup or machine operation. $650 for AGMA
members, $775 for non-members. For more information, con-
tact the AGMA by telephone at (703) 684-0211 or by e-mail at
Sfentress@agma.org.

September 15-17—ASM Heat Treat 2003. Indiana
Convention Center, Indianapolis, IN. Showcasing the latest fur-
naces, controls and testing equipment, the show is co-located
with the ASM International Surface Engineering Expo.
Attendees are welcome to take part in the Heat Treat U semi-
nars. Prices range from $125-$650, depending on ASM mem-
bership as well as the level of conference participation. For
more information, contact ASM International on the Internet at
www.asminternational.org/heattreat/expo.htm.

September 16—-18—Accurate Diagnosis of Gear Problems.
49'er & Suites, Jackson Hole, WY. The course includes: How
Each Cycle of Gearmesh Frequency is Generated; Gear
Vibration Theory: Problems that Generate Harmonics of
Gearmesh Frequency; Bent Shaft; Defective Teeth & Broken
Gears, and more. $1,195 includes The Gear Analysis Handbook
by James I. Taylor. For more information, contact Vibration
Consultants Inc. by telephone at (813) 839-2826 or on the
Internet at www,vibcons.com.
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IN MEMORIAM

Prominent Gear Engineer
Darle Dudley: 1917-2003

Dudley, an
known gear engineer, of San Diego, CA,
died April 11 of heart problems and a
serious infection. He was 86 years old.
Mr. Dudley was known for his two
gear handbooks, which were translated
into French, German and Spanish. He

Darle internationally

was also known for his 19-year chair-
manship of the AGMA Aerospace |
Gearing Committee,

Born April 8, 1917, in Salem, OR,
Mr. Dudley started his career in 1940.
That year, he graduated from Oregon |
State University with a bachelor of sci-
ence degree in mechanical engineering
and joined General Electric Co. in Lynn,
MA.

In 1952, Mr. Dudley met Martin
Hartman, starting a 51-year friendship
and association. Over the years, the two
men worked on several gear projects
together, including work on the Apollo
space program.

“Darle worked on just about every kind |
of gear you can think of,” Hartman says.

In 1964, Mr. Dudley left GE as man-
ager of advanced gear engineering and
went to Mechanical Technology Inc. of
Schenectady, NY, as
mechanical transmissions. In 1967, he
left MTI to serve as chief of gear tech-
nology at Solar Turbines Inc. of San
Diego, CA.

In 1978, he retired early and founded
the consultancy Dudley
Engineering  Co. Dudley
Engineering consulted with companies
involved in mining, turbine, aerospace
and industrial production.

“We consulted in the gear business on E

manager of

gear

Inc.

everything from sewage plants to satel-
lites,” says Danny F. Smith, a 15-vear |
associate and friend.

Smith met Mr. Dudley in 1988, |
through the Yellow Pages. Smith was

finishing college and looking for a job—
“It was a cold call.” He worked for Mr.
Dudley for 9 years.

“He was a brilliant man.” Smith says, |

“but he was also kind and funny.”
Today, Smith is senior principal
design engineer at Solar Turbines Inc.

Mr. Dudley recommended

Turbines, one of his former employers, to |

Smith.
In 1991, Mr. Dudley created a second
consultancy, Dudley Technical Group

Inc. of San Diego and transferred most of |

Dudley Engineering’s assets to it. In

1997, he suffered a stroke, forcing his |

retirement from the gear industry.

Dudley Technical continues today in |
Doylestown, PA, under its new owner |
and president, Mr. Dudley’s 25-year |

associate and friend, Mike Broglie.

Broglie credits Mr. Dudley with gear-
ing knowledge as thorough as anyone
he's ever met.

“It’s extremely broad based in the dif-
ferent types of gearing that he worked
on,” Broglie says, “and he worked on all
types of gears and all types of gear appli-
cations.”

Broglie most remembers
Mr. Dudley could convey complex ideas
in simple, straightforward language.

As for Mr. Dudley’s writing style: "It
was identical.” Broglie knows: he's read
all of Mr. Dudley’s books and con-
tributed to Dudley’s Gear Handbook.

Gear Books
Over 40 years, Mr. Dudley created

i four gear books.

His first book was Pracrical Gear
Design. Published in 1954, the handbook
was translated into French in 1958 and
into German in 1961.

He then edited Gear Handbook,
which was published in 1962. It was

Solar

Mr. |
Dudley's speaking style, though. He says |

Darle Dudley: 1917-2003
“As a human,
he was a gentleman;
as a gear engineer,

there was no peer.”
—Martin Hartman,
51-year friend & associate

later translated into Spanish and pub-
lished in Mexico in 1973. His next
book was The Evolution of the Gear
Art, published in 1969.

Mr. Dudley later expanded and
revised his Practical Gear Design,
which was published in 1984 with the
title Handbook of Practical Gear
Design. In 1994, it was republished.

In 1991,
published as a revised second edition and
retitled Dudley’s Gear Handbook. The
1991 edition was edited by Dennis P.
Townsend,

his Gear Handbook was

president of Townsend
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Engineering of Westlake, OH.

Townsend views Mr. Dudley’s writ-
ings as his greatest contribution to the |
gear industry, particularly Mr. Dudley’s !
two handbooks: “They're used by just |

about everyone in the gear industry,”
Awards
Mr. Dudley received six awards dur-
ing his gear career, including three
awards from European organizations.
In 1958, he received the AGMA's

Power Transmission Design for out-

standing contributions to the gear art.

In 1977, Mr. Dudley received the |
Medaille D'Argent from the French |
Gear

Institute of Gears and

Transmissions for America’s contribu- |

tions to the global advancement of the
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Edward P. Connell Award., given to peo-
ple who have provided outstanding serv-
ice to the gear industry. In 1966, he |
received the Golden Gear Award from |

gear art. In 1979, he was awarded the
Worcester Reed Warner Medal from
ASME for his engineering contributions
1o gears.

In 1986, he received a second award,
the Medaille D'Or, from the French
Institute of Gears and Gear
Transmissions. In 1994, he received the
Ernst Blickle Award from SEW-
Eurodrive-Siftung of  Bruchsal,
Germany.

Chairmanships

Besides the aerospace gearing com-
mittee, Mr. Dudley was a founder and
the first chairman of the AGMA Vehicle
Gearing Committee. He founded and
was first chairman of the Gear Technical
Committee of the
Federation for the Theory of Machines
and Mechanisms (IFToMM). He also
was chairman of the ASME Research
Needs Task Force for Gearing and was a
member of the ASME Gear Research
Institute.,

Association Memberships

Mr. Dudley was a member of the
American Gear Manufacturers Associa-
tion (AGMA), the American Society of
Mechanical Engineers (ASME, now
ASME International), the ASME Gear
Research Institute and of IFToMM.

He also was an honorary member of

International

Verein Deutscher Ingenieure (VDI), an
association of German engineers.

Mr. Dudley is survived by his wife,
Dorothy; daughter, Cheryl Davis; son
Curtis Dudley; stepson Robert Burson;
sister, Dorine Wenger: nine grandchil-
dren; and two great-grandchildren.

“As a human, he was gentleman; as a
gear engineer, there was no peer,”
Hartman says. “I don't think we're going
to replace him.” {3

Tell Us What You Think ...
VSl e
* Request more information
zﬂunm 604 to talk to one of our edi-
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James J. Cervinka and Frank E. Pielsticker must’'ve known
the future when they named their new business Arrow Gear Co.
in 1947. They started out to manufacture gears for hand tools
and machine tools, but their business has taken off since then.

“Armow"” suggests flight, speed and weaponry. Today, Arrow
Gear of Downers Grove, IL, is a leading manufacturer of gears
for acrospace. The company specializes in high-tech, high-qual-
ity spiral bevel gears, and its products fly in commercial air-
craft, military aircraft, helicopters, rockets and cruise missiles.
About 70 percent of Arrow’s sales are to aerospace customers.

Arrow’s other gears transmit power in ground applications—
in robotics, printing presses and off-road equipment, as exam-
ples. But, even on the ground, some Arrow gears are used for
“flying”"—like the ones they made for an Indy race car.

Arrow's course, though, started with a teenager and a sum-
mer job. Cervinka has had gears in his blood since high school,
when he worked for Chicago gear manufacturer D.O. James
Corp. “I'm a hands-on mechanic,” he says.

Cervinka also studied engineering in college, but his educa-
tion was first used in service to his
country. During World War II, he

served as an engineering officer in the
Pacific Ocean, aboard the heavy cruis-
er U.S.S. Bremerton.

After the war, Cervinka went home
to Riverside, IL, just west of Chicago.
He was thinking about getting a mas-

ter’s degree, but he had to wait before

James J. Cervinka, Arrow's
chairman and CEO, worked
for & gear manufacturer in
high school and served in the
U.S. Navy in World War Il
Both experiences were vital
to starting Arrow

he could get back into college. So the
engineer took a job with American
Gear in Clearing, IL, just outside
Chicago.

Cervinka expected to be with
American about six months, just *til it
was time to go back to college. On the
job, he met fellow engineer Pielsticker,
who was involved in calculations for
spiral bevel gears for American.

Besides a
Cervinka was thinking about some-

master’s  degree,

thing his father encouraged him to do:

» o

- Start your own business. “My father
Joseph Arvin joined Arrow in =

1972 as manufacturing man-
ager. Four promotions later,
he became Arrow’s president
in 1987. Aher 31 years, his
professional anthusiasm

had a business before The Depression.”
He and Pielsticker got along well,
and they had complementing talents:

remains: “It's exciting to me
to work with gears.”

Pielsticker was good at business
administration and gear calculations,

— COMPANY PROF ! LE: | —
Arrow Gear: Spiral Bevel Specialist

Joseph L. Hazelton

Arrow Gear Co.
Established: 1947
No. of Employees: 175
Size of Factory: More than 145,000 sq, feet
Industries Served: Aerospace, Robotics, Printing, Off-Road Equipment
Major Products: Spiral bevel gears, Straight bevel gears, Spur gears,
Helical gears, Gear drives
Quality Registrations: ANSI-RAB QMS, AS9100, 1S09001-2000, and
NADCAP
Industry Affiliations: AGMA, ASM International, ASME International
Website: www.arrowgear.com

Arrow Gear Co. occupies more than 145,000 square feet in Downers
Grove, a western suburb of Chicago, IL.

Cervinka at maintaining machinery and manufacturing gears. If
they combined their talents, they could even run a business—so
they did.

And they decided that business would manufacture spiral
bevel gears. Cervinka explains that those gears were highly
technical and: “We wanted to get paid for our brain work."”

To equip Arrow, Cervinka and Pielsticker used a valuable
currency—Cervinka's veteran status.

During World War 11, the U.S. government used a lot of man-
ufacturing machinery. Afterward, it no longer needed the
machines, so it started 1o sell them,

Cervinka’s veteran status meant great advantages: veterans
were treated as first in line for the machines, which they could
buy at very low prices, with just a down payment. They had five
years o pay the balance, but they also could each receive a 10-
year loan of $25,000.

Thus, Arrow acquired several Gleason Works machines and
opened shop in a small industrial building in Worth, just south-
west of Chicago.

Arrow then faced the problem of new businesses—finding
customers.

“We knew where they were,” Cervinka says candidly, “they
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Spiral Bevel Contact Patterns—Right the First Time

What's the key piece of Arrow's highly accurate, closed-loop sys-
tem for making spiral bevel gears?

"All the software,” gear engineer Tom Mifflin says. "All that soft-
ware is what makes everything work.”

Mifflin should know; he manufactures spiral bevel gear teeth
C OAUInt S % using the system, which can create aerospace-quality spiral bevel
gears with contact patterns that are right the first time.

A 31-year employee, Mifflin is in charge of gear-tooth manufac-
turing and contact pattern design for Arrow.

The system itself consists of two Gleason Corp. machines, a
Phoenix® gear cutter and a Phoenix gear grinder, and a Zeiss/Hofler

PAULO provides superior quality coordinate measuring system. These blue and gray machines are

= - scattered throughout the factory, sitting among green gear genera-
heat treating, brazmg, B tors and gear checkers.

metal finishing services Also, the system uses Gleason's CAGE, T-300 finite element analy-
that will help your parts perform sis (FEA), and G-AGE inspection analysis software.
at their best! The software brings the scattered machines together off the fac-
tory's cement floor, to computer screens in Mifflin's carpeted office.

Arrow bought the system's pieces over about 10 years. The last
hol
geg UQ at GQHI“EX 0. BOOTh gld_ piece, the FEA software, was bought in 2001, Before then, the system

w‘he‘uqu ality=

www.paulo.com ¢ sales@paulo.com had been operational for years, using loaded tooth contact analysis
B L D A N L e N S | (TCA) software to design contact pattemns.

C'B‘fe'aﬂd w Kansas Citv Even without the FEA software, though, Arrow twice manufac-

Murfreesboro v Nashville v St. Louis tured spiral bevel gears with first-time, right-on contact patterns for a

jet engine project in the late 1990s.

The project started in 1398. Arrow had to manufacture two spiral
bevel gear sets for the commercial aircraft jet engine. One set was for
the tower shaft, the other for the accessory gearbox,

“The bevel gears manufactured by Arrow Gear performed excel-

lently,” Roger Levine says. “The contact pattern was excellent, right
YO U R G U I D E TO where it was supposed to be.”
During the project, Levine was a staff engineer on mechanical
systems at Pratt & Whitney Aircraft in East Hartford, CT, He was also
leader of the team for the project’s tower shaft and main gearbox and
was mainly involved in designing the spiral bevel gears.
Levine says the contact pattern was “right on the money with the

first set of gears.” He adds that getting the pattern right the first time
isn't a normal thing in his experience. Levine has helped design and

SEE US AT GEAR EXPO 2003 BOOTH # 814

* Gear Machines

e Cutti ng Tools build five spiral bevel gear sets for aircraft jet engine projects during
< his 30-year career.

e Materials Arrow also manufactured the spiral hevel gears for the accesso-

° Ma c h | ne TO 0 I S ry gearbox. That gearbox was being provided by Sundstrand Corp.

Mike Blewett, then a

e Services Sundstrand design engi-

neer, was on the team that
e Software designed the accessory
° TOOIi“g gearbox,

“We found that the pat-
terns were pretty much
exactly where Arrow predict-

* Supplies

From his office computers, gear engineer Tom
Mifflin manufactures spiral bevel gear teeth ed they would be,” he says.

FIND WHAT YOU NEED AT using Artows closed-oop system for mani W never had to adjust the

facturing spiral bevel gears. Mifflin sees the :
saftware as the key to the system: “All that CONACt pattern ever since

www.geartechnology.com [REEeirsatt g
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P COMPANY PROFILE

just weren't going to put their eggs in our basket.”

At that point, Cervinka went looking for a gear order—at
D.O. James. The company remembered him and was willing to
take a chance on his new business.

Arrow started making spiral bevel gears for D.O. James’
speed reducers. Cervinka recalls he and Pielsticker could pro-
vide their gears on-time and at a reasonable price—and they
were better than what D.O. James had been getting.

The company stayed with Arrow for more than nine years.
And Cervinka admits its gear orders really helped Arrow during
its first years, giving it time to grow—"“When you start, any-
thing is blessed.”

Today, Arrow occupies a building with more than 145,000
square feet, in Downers Grove, one of Chicago’s western sub-
urbs. A medium-sized gear manufacturer, Arrow employs 175

people; is equipped to design, manufacture, heat treat and
inspect gears and to manufacture gearboxes; and has more than
500 customers.

At 56 years old, Arrow remains a Cervinka/Pielsticker busi-
ness. Pielsticker died in 1987, but Cervinka, now 83, continues
as Arrow's CEO and chairman of its board of directors.

Pielsticker’s sons, James and Frank J., work at Arrow as
executive vice president and materials director, respectively.
Likewise, Cervinka has two sons, Mike and John, at Arrow,
Mike is director of facilities and human resources, and John is
assigned to special projects.

Arrow's president, however, is Joseph Arvin. Nearly 6 feet 3
inches tall, Arvin has the friendly reserve of a country gentle-
man. Raised in Indianapolis, IN, the industrial engineer has
been with Arrow since 1972 and has been its president since
1987. He still retains the barest trace of a Southern accent—
“You get that in Indianapolis,” he says. “It was a lot worse
before I came up here.”

Today, Arrow is home to a highly accurate closed-loop sys-
tem for manufacturing spiral bevel gears. The system can create
aerospace-quality spiral bevel gears with contact patterns that
are right the first time, saving development time for Arrow and
its customers.

Also, the system has been on a streak. It's manufactured a
spiral bevel gear set for five different projects: four aerospace
and one automotive racing—the Indy car. In these consecutive
projects, each of Arrow’s gear sets had the right contact pattern
the first time.

“That’s what we're striving for,” Cervinka says.Q

GROUND GEARS - Ten or Ten Thousand

For small to medium quantities of spurs or helicals that have to
meet close-tolerance AGMA or DIN specs, our Reishauer grinders
and M&M gear analysis systems are the perfect combination

For Long runs, we offer the unique Liebherr CBN grinding
process with full SPC quality control and documentation.

So whether your needs are for ten or tens of thousands, we
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On a Possible Way of Size and Weight

Reduction of a Car Transmission
Stephen P. Radzevich

This study is focused on some features of the
geometry and kinematics of gear hobbing opera-
tions. The principal goal is to determine the min-
imal hob idle distance that is required for com-
plete generation of the gear teeth. This task is
important in many aspects, especially for reduc-
ing the axial size of a hobbed shoulder-gear.
Reduction of the axial size of a hobbed shoulder-
gear leads to reduction of size and weight of the
shoulder-gear itself and of the gear train housing.
Developed by E. Buckingham, methods of analyt-
ical mechanics of gears are applied to determine
an exact minimal allowed length of the gear hob
idle distance. The results reported in the paper
are applicable for manufacturing of spur and
helical involute gears. Applving the results allows
one to reduce the axial size and weight of a gear
train and its housing. The consideration below is
focused on hobbing of involute gears. Slightly
modified results obtained are applicable for hob-
bing of splines, sprockets, ratchets and other form

Figure 2—Fixed differential gear arrangement of
Type D.
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tooth profiles. The results obrained are important
for the application of multi-start hobs of small
diameter

Introduction

Almost any external tooth form that is uni-
formly spaced around a center can be hobbed.
Hobbing is recognized as an economical means of
producing spur and helical gears with involute
tooth profiles. Although the hobbing process is
often associated with manufacturing of gears and
splines, many other forms can be cut. Due to its
versatility, hobbing is also recognized as an eco-
nomic means of producing ratchets, sprockets and
other special forms.

But a problem appears in mass production of
cluster gears (Fig. 1), for example, in manufactur-
ing transmissions in the automotive industry. For
economic reasons, both gears in a cluster gear
need to be hobbed and not machined with a gear
shaper cutter. Productivity of gear hobbing opera-
tions significantly exceeds that of gear shaping
operations. Moreover, hobbing of a cluster gear
can be performed on the same hobbing machine
and in the same set-up without work resetting,
Therefore, hobbing of cluster gears does not waste
time: a) for unloading the gear hobbing machine,
b) for transporting gear blanks to a gear shaping
machine, ¢) for installing gear blanks again on the
gear shaper, and d) for solving a specific problem
of gear facing. This last issue is important for
manufacturing a multi-flow gear train, for exam-
ple, in manufacturing planetary reducers, where
torque to be transmitted is splitting on two or
more flows,

However, the principal disadvantage of gear
hobbing operations is that usually only cluster
gears with long enough necks can be hobbed.
Increasing length / of a neck increases a cluster
gear's axial size, and thus increases the weight of
the gear cluster itself. It also increases the weight
of gear shafts and gear housings. In the case of
I=l,. size L could be significantly reduced to
L, (Fig. 2). This size reduction corresponds to a
reduction of size and weight in a car transmission.
The example above (Fig. 2.1) is taken from
References 3, 5, and 11. The example discussed
above clearly indicates the necessity of develop-
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ing methods of hobbing cluster gears with the
shortest neck, i.e., cluster gears with I=/,__ .

In the paper, notation of parameters recom-

mended by ANSI/AGMA (Ref. 1) is used.
Literary Survey

A few directions of hob feed are recognized.
Downward feed direction (in conventional gear
hobbing) and upward feed direction (in climb
gear hobbing) are mostly used.

The reduction of total hob travel distance
leads to a reduction of total gear hobbing time
and is widely recognized. The parameters of a
gear to be machined are given and a gear manu-
facturer cannot change them. Gear manufacturers
cannot reduce gear face width, A total hob travel
distance can be reduced if one gets 1o know the
shortest allowed length of approach distance and
the shortest allowed hob idle distance. In this
paper, the shortest allowed hob idle distance is
considered.

A hob rotates about its axis (Fig. 3), with a
constant angular velocity ®,. Simultaneously, the
hob moves along the work axis in the feed direc-
tion (or in the opposite direction in a convention-
al gear hobbing operation).

Cutter total travel distance AD (Fig. 3) is
equal to the sum of the hob approach distance
AB, face width BC, and hob idle distance (or hob
overrun) CD.

The hob approach is the distance that the hob
has to travel parallel to the gear axis, from the
point of initial contact between the hob and the
point where center distance reaches the first gear
face (at the point B). The hob approach distance
can be computed by knowing the appropriate for-
mula, which is available in Reference 4.

The gear face width is indicated on the part
print. Its length cannot be changed by gear man-
ufacturers.

The hob idle distance, a distance required to
complete generating of the entire set of gear teeth,
is the linear hob carriage travel beyond the sec-
ond gear face C.

There is no complete understanding of what
the hob idle distance exactly is and how to compute
it minimally, allowing length for hobbing a given
cluster gear. For example, in accordance with rec-
ommendations given by hob manufacturer FETTE
GmbH: “No idle distance, except for a safety
allowance, is required for straight teeth” (Ref. 4).
Impact of the Hob Idle Distance on Axial Size

of a Hobbed Cluster Gear

The length of the hob idle distance is not equal
1o the length of the hob approach distance (Fig. 4).

Giear o be Machined
i #é
r 1 _!
\ £l =iy
FU Y RL G L T
R :: :
i EIrmnm il i Eg
¥ - | 8 B
' i e

i

Figure 3—Kinematics of climb hobbing of an
involute gear.

4
Gear Hob

Ciear o be Machined

Figure 4—Comparison of length of the hob
approach distance E and of the hob idle distance U.

Length of the hob approach distance is equal

i to the height of the highest point, B,, on the pen-
| etration curve above the horizontal plane through

the center distance—through the intersection of
the cutter and gear axes (Fig. 4). When the hob is
away from the upper face of the gear, the pene-
tration curve intersects the upper face at points C,
and C,. This makes it evident that the length of
the hob idle distance U is always shorter than the
length of the hob approach distance E. In order to
reduce axial size, hobbing cluster gears usually
starts from the open end, where there is enough
room for hob approach distance, and finishes at
the opposite end, where there is a lack of space
for the hob.

The hob idle distance U affects the axial size
of a hobbed cluster gear and a hobbed shoulder-
gear as well. When a longer idle distance U is
required, a longer cluster gear neck [, is neces-
sary, and the axial size of the cluster gear
becomes larger and vice versa (Fig. 4). As is evi-
dent in Figure 4, the minimal length of a cluster
gearneck [, depends on the hob idle distance U,
ie. i'nm'i'l‘: [I'IIJH (U-)

To cut gear hobbing time and minimize the
axial length of a cluster gear, the hob idle distance
must be as short as possible. At the same time, the
length of the hob idle distance must be sufficient
for completing generation of the entire gear tooth
surface. As mentioned above, in gear hobbing

Dr. Stephen P.
Radzevich

is a professor of mechanical
engineering, formerly with
Kiev Polvtechnic Institute in
Ukraine. He received a
Master of Science in 1976, a
Ph.D. in 1982 and a Doctor
of Engineering Sciences in
1991-all in mechanical engi-
neering. Radzevich developed
numerous software packages
dealing with CAD and CAM
of precise gear finishing for a
variety of industrial sponsors.
His main research interest is
kinematical geometry of
sculptured surface machin-
ing, particularly with a focus
on design and machining
(finishing) of precise gears.
He has written 28 books,
aver 250 scientific papers,
and received over 150
patents in the field.
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Figure 5—The auxiliary phantom rack R as an
enveloping surface to consecutive mﬁtinm of the
tooth surface of the gear to be machined.

Figure 6—Deviation of an actual gear tooth sur-
face from the desired gear tooth surface caused by
lack of the hob idle distance.

operations, the gear blank is rotating around its
axis O, with a constant angular velocity ®,. The
auxiliary phantom rack R is traveling with a con-
stant speed V,. The velocities @, and V, are syn-
chronized in the manner that the auxiliary rack R
pitch surface W_is rolling without sliding over
the gear pitch cylinder of radius R, . For machin-
ing the entire length of the gear, it is required that
the gear hob generates the auxiliary rack R of
width F, that is equal to or exceeds width F, of
the gear to be machined (Fig. 5).

A lack of length of the hob idle distance AU
causes deviation of the actual tooth surface from
its desirable shape (Fig. 6). The length of AU
depends only on the relative location of the gear
hob in the axial direction of the gear to be
machined. It does not depend on hob diameter,
while maximal deviation 8* of the actual gear
tooth surface from the nominal gear tooth surface
does.

The initial solution to the problem is

!
!
!
I
|
|
|
|
!

enhanced and developed here. A numerical exam-
ple is also provided.
Impact of a Gear Hob-Setting Angle on the
Hob Idle Distance

It is convenient to evaluate the impact of a
gear hob-setting angle on the hob idle distance by
considering a simple degenerated case, like when
the hob-setting angle , is equal to zero ({, = 0°).
In machining a spur gear, this occurs when {, = 07,
the crossed-axes angle Z, i.e. the angle that makes
axes of the gear O, and of the hob 0, is equal to
a right angle (£ = 90°).

For climb hobbing (Fig. 7.1), the hob idle
distance U is measured from the upper face of the
gear to be machined. Generating the gear tooth
profile with the hob begins the instant that straight
generatrix E,”) of the recessing flank of the hob
tooth profile in its horizontal position reaches the
lower face of the work (Fig. 7.2). When the hob
travel distance exceeds the length /, = d, , (here
d, ,, is the hob base diameter), the opposite flank
of the hob tooth profile enters the gear profile. In
this case, both flanks of the gear tooth are gener-
ated simultaneously. Generating the gear tooth
profile accomplishes this in an instant, when the
straight generatrix E,@ of the opposite flank (of
the approaching flank) of the hob tooth in its hor-
izontal position reaches the upper face of the work
(Fig. 7.2). In the case under consideration, the
length of the hob idle distance U is equal to half a
base diameter of the hob, i.e U = 0.5d, , . This is
the shortest allowed hob idle distance. To accom-
plish the generation of the gear tooth profile, it is
required that the cutter travel distance is equal to
or exceeds L > F, +d, , . It is important to point
out here that the shortest allowed hob idle distance
could not be less than 0.5d, , .

The above approach (Fig. 7.2) can be utilized
when the gear hob-setting angle is not equal to
zero and this angle is positive. In this case, the
straight generatrices E,'” and E,” (Fig. 7.3) are
similar to the straight generatrices £, and E,"
in Figure 7.2, additionally shifted on the distance
d relative to each other along the gear axis. The
value of the parameter & depends on the length of
the gear tooth profile-generating zone and on the
gear hob-setting angle. This question is explained
in more detail below. Distance & increases the
length of the hob idle distance U and the total hob
travel distance, which is necessary for accom-
plishing the generation of the gear tooth profile.

It is evident that, in general, Figure 7.3 pro-
vides us only with qualitative results. It cannot be
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applied for computing the length of the hob idle
distance in quantities.

When reducing the axial length of a cluster
gear or hobbing an involute gear with any given
value of pitch helix angle y_ it is preferable to
design something that enables a crossed-axes
angle £ = 90° with a gear hob. To continue the
analysis, it is required to clearly understand the
gear hob-setting angle C,.

While generating the machining surface of a
gear hob, the auxiliary rack R performs a screw
motion with the hob axis as the axis of the screw
motion. First of all, the axis of rotation of a cylin-
drical hob is parallel to the auxiliary rack pitch sur-
face W_. Secondly, orientation of the hob axis of

rotation may vary relative to the pitch plane W_

(Fig. 8).

The idea of the gear hob-setting angle {, can
be traced back to a publication by E. Buckingham
(Ref. 2).

The auxiliary rack tooth makes an angle y_
with the gear axis O, . Very often, this angle is
called the auxiliary rack pitch helix angle (Ref. 1).
The gear hob axis of rotation intersects the center
distance C. In Figure 8, the center distance is depict-
ed as a point C of intersection of the center distance
and of the auxiliary rack pitch surface W, .

The straight line “0, (parallel to the plane sur-
face W) through the point C is orthogonal to the
auxiliary rack tooth. For a spur gear, it is parallel
to the gear face. The gear hob axis of rotation
makes a certain angle with the straight line °0, .
The gear hob axis of rotation *O, makes a positive
angle +&, > 0° with the straight line °O,, . The gear
hob axis "0, makes a negative angle -, < 0° with
the same straight line "0, .

We suggest naming the angle {, the gear hob-
setting angle (Ref. 7). It is necessary to stress here
that the gear hob-setting angle {, is a parameter of
a hob design. Its value does not have to equal the
value of the gear hob lead angle A, = 90° -y, .
However, due to the restriction explained below, the
difference between the angles {, and A, cannot be
significant. The equality {, = A, may or may not
take place. For example (Fig. 9), the same spur
gear with a given parameter of its design can be
machined with a few gear hobs of various hob-set-
ting angles {,, but with the same hand of hob lead
angles.

Usually, the gear hob-setting angle is positive
(§, > 0°) and is approximately equal to the hob
lead angle A,. In this case, crossed-axis angle £ =
90° — G, is less than 90° (Fig. 9.1).

The method of spur gear hobbing with right
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Figure 7—The impact of gear hob-setting angle on
the length of the hob idle distance in climb hobbing
of involute gears.

Figure 8—Front view on the auxiliary phantom
rack R of an involute hob (see Fig. 5).

crossed-axis angle £ = 90° is known. In this case,
the gear hob-setting angle is equal to zero (Fig.
9.2). The same method can be applied to hobbing a
helical gear. In the last case, the value of the
crossed-axis angle can be computed by the formula
I=90°- v,

Finally, an involute gear can be machined
with a hob with negative hob-setting angle: {, <0°
(Fig. 9.3). In this case, crossed-axis angle = 90°
+ £, exceeds 90°. It is important to stress that such
an opportunity for gear hobbing operations exists
mostly theoretically. The top cutting edge of a gear
hob tooth with negative hob-setting angle C,
becomes too short or has negative length. For this
reason, the gear hob with {, < 0° does not have a
wide application in contemporary manufacturing
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Figure 9—Relative orientation of the spur gear to be machined and of the gear
hob with the gear hob-setting angle §,

48

I-positive, 2-equal to zero, and 3-negative.

Gear Hob OD D, ,

i Gear Hob Base
.J Diameter o,

Figure 10—Computing minimal cluster gear axial
length,

Figure 11—Unfolded section of the gear in Figure 6
by the pitch cylinder of diameter d is co-axial to
the gear. Letters “a”, “c” and “d" in Figure 6 cor-
respond to the same points in Figure 11.

of gears.
For machining a spur gear. it is required to

very small, y, approaching 0°. However, the
angle y, remains positive (y, > 0°).

For machining a helical gear with a certain
helix angle Ve it is required to maintain the gear
hob-setting angle {, = ~¥,. In both cases, this
yields the cross-axis angle £ = 90°. The difference
(W, ~ ) is equal to 0°. The hand of the gear hob
start is opposite to the hand of the gear start.

Figure 9 clearly illustrates that the hob lead
angle A, and the gear hob-setting angle {, have to

be considered as two completely different param-
eters of the design of the gear hob. In some cases,
the parameters of a gear hob design, A, and §,
can be equal (or almost equal) to each other. In
general, this requirement is not mandatory. In the
example above (Fig. 9) the hand of the gear hob
lead angle A, remains the same for all three cases,
and for all of these cases it is positive (A, > 0°).
However, the value of the lead angle A, for each
of the three cases does not remain the same. The
hob-setting angle C, also can vary. It can be pos-
itive (Fig. 9.1), equal to zero (Fig. 9.2), or even
negative (Fig. 9.3) as well. Under such a varia-
tion, the value of the lead angle A, also varies, but
its hand remains the same. The sign of the lead
angle A, does not change.

Determining Parameters of a Gear Hob for
Machining the Shortest Cluster Gear
Gear hob outside diameter is the most critical

issue in machining a cluster gear with the hob when
the crossed-axes angle X =90°, Usually, a gear hob
outside diameter D, , can be expressed as: D, =2
(AB + BC + CO, ) (Fig. 10). This formula yields an
expression for D_, which is explained further in
Equation | in the box on page 49.

In Equation 1, whole tooth depth is desig-
nated as A (Ref. 1).

Aiming for a reduction of size and weight of
a car transmission, the portion BC of the hob
outside diameter has to be eliminated. It is
required that BC = 0. Under such an assumption,
Equation 1 reduces to a formula shown as
Equation 2 in the box.

Hob base diameter d,, can be computed
from the formula (Refs. 7, 9 and 10) shown in
Equation 3 in the box; note that:

m is the gear hob modulus;
Z, is the number of the gear hob starts;
0, is the gear hob normal pressure angle.

Further reduction of the hob outside diame-

ter D, is restricted with the necessity of satisfy-

i ing the first condition of part surface generation
maintain the gear hob-setting angle (, = 0° (Fig. :
9). In this case, the gear hob helix angle becomes |

(Ref. 8). In cases, D, <2h +d, , , first necessary
condition of proper part surface generation is not
satisfied, and thus, the gear tooth cannot be
machined in accordance to the gear drawing.

Figure 10 reveals that for the cases of right
crossed-axis angle = 90°, length [ of the cluster
gear neck can be calculated from the formula in
Equation 4.

In Equation 4:

D, is the outside diameter of the cluster gear's
larger gear, i.e. of the shoulder (see Fig. 10);
d, is the form diameter of the cluster gear's
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smaller gear, i.e. of the pinion (see Fig. 10).
In all cases whend, + D, , <D, . length/

of the cluster gear neck is equal to | = 0.5(d, , +

EQUATIONS

D, ). D,,=2h+2BC+d,, (1)
The results yield the resultant formula for /,

shown in Equaulon ) D,,=2h +d,, @)
To ensure right crossed-axes angle X = 90°,

the gear hob-setting angle is assigned equal to the

gear helix angle, but with the opposite sign, i.e. d, m-Z, -cosg, (3)

C,=— W, For computing the minimal length / iy Jl —cos’ ¢, -cos’ g,

min
of the gear cluster, it is required to resolve the set

of two equations with two unknowns:

1=052-D,,(D,,~d, )~(D,, ~d,,) )
i =0 and _a.L. =0
oz, %,
Equation 5 yields both of these equations. 1= |D,, -4, p)‘[h,"' m-Z,-cosg, =D, 4, ] (5)
The number of gear hob starts Z,, calculated from 2. .Jl -cos’ ¢, -cos’C, :
the above set of two equations, usually is a frac-
tion. It is required to approximate it to the nearest
integer number, and afterwards to recalculate the i cond, -tamy *J]ﬁ R 1’--151%[_&]}-2.& =
final value of the corresponding hob normal pres- At} ; 3 | cosy, & | ()
sure angle ¢,. In cases where the calculated value cosy,
of Z, is close to mid-interval of two consequent
integer numbers, it is required to recalculate the
value of the corresponding hob pressure angle for AU®B) = ____m s
both cases. Afterwards, it is necessary to select cosy ,

that value which ensures a longer gear hob top
cutting edge.

Another way for computing [, could be
developed. The number of starts Z, of a gear hob
could be assigned several consequent integer val-
ues: Z, = 1, Z, = 2, and so on. Furthermore, it is

required to resolve the equation

[1_ 5 5= )
_uu_cm _i_‘Lm (8)

5 2siny , sing, AT 2siny, sind,

\fsin’ o, +tan’s, ©)

af tan .
~ -0 Yo cosd,
for each integer value of Z, . Finally, it is required
to select the smallest possible Z, . It is also d 3-5-cosl4.5 =44.623 mm (10)

strongly preferred that the difference between the e V1-cos’ 14.5 cos’ 12.4°
gear hob normal pressure angle ¢, and the hob
normal pressure angle would be the smallest pos-
sible. This results in the longest top cutting edge
of the hob.
Impact of Tolerance on Length of the Hob
Idle Distance

Figure 11 shows the unfolded section of the
gear (Fig. 6) by the pitch cylinder of diameter d,
which is co-axial to the gear. Points A, C, and D
in Figure 6 correspond to the same points A, C,
and D as in Figure 11.

In order to complete the generation of a per-
fect gear tooth in its longitudinal direction, it is
required that the gear hob overrun would be

equal to or would exceed the hob idle distance U. |
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J:.—: E "
tany,, = sin” 14.5 +tan” 12.4 —0.344 w&k___mn 1(0-344)=13.992 (ll)
cosl4,5°

4 d J 70 :
W, =tan {—'m“‘l’“] =1lan [m‘0.3“)=28.365 (12)

70° —44.623°
B e 0.344 = 78.025
» = A = N 28.365 sin14.5" WP N8
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The hob overrun must not be less than the hob !

idle distance U. In cases where the actual hob idle
distance is shorter than or equal to U, the actual
longitudinal profile AD of the gear tooth deviates
from its desirable longitudinal profile AC
(Fig. 11). Maximal deviation occurs at the point
D, at which deviation is equal to 8. It is required
that the maximal deviation 8 does not exceed tol-
erance [8] on the gear tooth accuracy. The length
AU depends on the relative location of the work
and on the involute hob in axial direction of the
work.

Incorporating a tolerance on gear tooth lon-
gitudinal profile yields a significant reduction of
the length of the required gear hob idle distance.
Analysis of Figure 11 yields a formula for com-
putation of the allowed shortening of the hob idle
distance that is shown in Equation 6.

For engineering computation, a simplified
approximate formula is valid and presented in
Equation 7.

In that equation, R, = R, , is the first princi-
ple radius of curvature of the machining surface
of the involute hob.

value of the first principle radius of the machining

surface of the involute hob can be computed. The i

computation method is explained in Equation 8.
Base helix angle , ; can be calculated from
the formula laid out in Equation 9.
For example, for the left-hand involute gear

= 70 mm, normal profile angle a, = 14.30°, num-
ber of starts Z, = 5, and hob-setting angle {, =
12.4%, one can compute the hob base diameter by
using the formula in Equation 10.

The hob base helix angle is equal to two for-
mulas listed in Equation 11.

The hob helix angle (Ref. 6) can be found in
Equation 12.

The above results yield a final calculation
shown in Equation 13.

That result yields U/ = 28.471 mm. In the case,
with the tolerance equal to 8 = 0.1 mm, one can
compute that AU = 4.561 mm, and therefore the
actual hob idle distance required for perfect invo-
lute gear tooth profile generating is equal to U* =

28.471-3.949 = 23,910 mm. Hob idle distance U*

= 23.910 mm is 19.1% shorter than the hob idle
distance U = 28.471 mm. This reduces the length
of the hob idle distance that leads to corresponding
reduction of the size and weight of a cluster gear
and of the gear train housing as well.

Conclusions

Methods of analytical mechanics of gears are
applied to determine the exact minimal axial
length of a cluster gear for conventional and
climb hobbing of spur and helical gears. The
results reported in the paper allow users to cut
hobbing time and to reduce the size and weight of
a gear train and its housing. The approach is espe-
cially important for applying the multi-start hob
of small diameter. A similar approach can be util-
ized for hobbing of a non-involute profile, for
instance, while machining splines, sprockets,
ratchets, etc. The results presented might be
incorporated as a part into software for CNC hob-
bing machines. O
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Products for the Gear Industry

New Harmonic Drive Gearing

Components from HD Systems

The CSD Series Size 40 from HD
Systems delivers low backlash, 1 are-

minute positional accuracy and +/-5
arc second repeatability.

With outer diameters of 135 mm, the
gearing components are 27 mm in
length. The rated torque is 1,825 in.-1bs.
and maximum torque is 6,160 in.-lbs,

This series 1s available in gear ratios of

50, 100 and 160:1

For more information, contact HD

Systems of Hauppauge, NY. by tele-
phone at (800) 321-4374 or on the
Internet at www. HDSIner.

New Right Angle Gearmotors

from Bison

The right angle, hollow shaft gear-
motor Bison Gear &
Engineering has several mounting con-
figurations, including base, end, side
flange. shaft mount and pilot.

Shaft options include a 3-4" hollow,
along with double and single extension
3/4", 5/8" and 172" diameter shafts with
keys.

line from

According to the company's press
release, the gearmotors all have ball
bearings and are lubricated with syn-
thetic oil for maximum efficiency.

Three AC motor options and four DC |
motor options span a horsepower range |
from 1/8-1/4 horsepower. Gear ratios |

range from 5:1-60:1.

The motors run at 1,800 rpm for low |

noise and low temperature rise.

For more information, contact Bison |
Gear & Engineering of St. Charles, IL, |

by telephone at (800) 282-4766 or on

the Internet at www.bisongear.com.

New Planetary Gearheads from
ZF Great Britain

The PGE planetary gearheads from

ZF Great Britain are compatible with
any machine equipped with AC or DC
servomotor applications, according to
the company's press release,

The gearheads offer low weight and |

noise, a small size, and up to 97% effi-
ciency. Positioning accuracy and relia-
bility are a result of the 10 arc-minute
backlash design and even load distri-
bution between three planetary gears.
The design includes hardened and
optimized gearing geometry and bear-
ings. Nominal service life is typically
10,000 hours. Grease is used as a lubri-

cant instead of oil, and therefore the |

gearheads can be mounted flexibly in |

any orientation on a machine.

For more information. contact ZF
Great Britain of Nottingham, UK., by
e-mail at rob.pearson@ zf-group.co.uk
or online at www.gf~group.co.uk.

Spur Pinions from Trogetec

The minimal-sized epitrochoid
(epicycloid) spur pinions from Trogetec
are designed for partial conjugacy inter-
nal mesh with roller wheels.

Adaptable to many gearing applica-
tions, the pinions are used in parallel
shaft drives, planetaries, star gearing,
and cyclos.

According to the company’s press
release, blanks are CNC cut in seven-
gage stock to +/-0.003" tolerances rela-
tive to the applicable nominal contour.

For more information,
Trogetec Inc, of Riverton, WY, by tele-
phone at (307) 856-0579 or by e-mail at

sales @trogetec.com.

contact

Servo Gearheads from
Neugart USA

The PLS series of in-line planetary
servo gearheads from Neugart USA is
designed for low backlash and opti-
mized with gearing machined to high
precision, hardened and honed.

According to the company’s press
release, the low backlash will not
increase during the unit's lifetime and
the gearheads have the highest torque
density in the industry. The company
adds the gearheads are suitable for all
mounting positions without modifica-
tion. The gearheads’ high stiffness
reduces the chances of lost motion.

Additional options include a solid free
output shaft, foot mounting plate, hous-
ing mount option and spline output shaft,

For more information, contact
Neugart USA of Bethel Park, PA, by
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PRODUCT NEWS N

telephone at (412) 835-4154 or by e-

mail at sales@neugartusa.com.

Surface Roughness Tester from
Mitutoyo

The Surftest SJ-301 from Mitutoyo
integrates features from bench-top sur-
face roughness testers into a portable
instrument.

The tester uses memory cards to store
measuring conditions, measured data and
statistical results. With a differential induc-
tance detection, a dedicated processor
including statistical process control (SPC)
functions, plus a large display and built-in
high speed thermal printer, the tester
makes it possible to conduct comprehen-
sive measurements anywhere in the plant.

With a detector/drive unit and dis-
play unit, the tester can measure 36 sur-
face roughness parameters, according to
the company’s press release.

For more information, contact
Mitutoyo America Corp. of Aurora, IL,
by telephone at (630) 978-5385 or by e-

mail at info@mitutoyo.com,

Updated CNC Hobbing Machines
from Bourn & Koch
The 200 H and 400 H model CNC
hobbing machines from Bourn & Koch
Machine Tool Co. have been updated.
According to the company's press
release, new features include a 7-axis
CNC control, an added hob swivel and
tailstock, a standard full enclosure, a
flat-screen CNC control panel and a
redesigned hob swivel and slide assem-
bly. The standard version requires no
hydraulics.
For more information, contact Bourn
& Koch of Rockford, IL, by telephone
at (815) 965-4013 or on the Internet at

www.bourn-koch.com

Tell Us What You Think . ..

Visit www.geartechnology.comto

* Rate this column

* Make a suggestion

Or call (847) 437-6604 to talk to one of our editors!
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A Leader in the Gear Tool Business for over o

Master Gears ] HOB Resharpening
> Service

Gear Rolling Tester

CNC HOB Sharpening
Machine

Ultra Precise Hobs IRUSSELL.

Accuracy Class: AAA, AA, A

Materials: Carbide/Bridge/HSS HOLB ROOK &
Technology: Dry/High Speed /Hard Hobbing
Range: 10~500 Diametral Pitch H ENDERSON. 'Nc-
17-17 Route 208 North, Fair Lawn, New Jersey 07410

STOCK AVAILABLE Telephone: 201-796-5445 Fax; 201-796-5664

A MEMEEE OF OCASVVARA LAOLP

Visit our website at: http://www.tru-volute.com
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or fill out the card bound in this magazine.
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WEBSITES

GLEASON CUTTING TOOLS
CORPDRATION

m Cutting  Tool

SERVICE

GEAR CUTTING

« precision * affordability * value

Precision gear cutting services available
as per customer's drawings & specifica-
tions at competitive rates per AGMA
STANDARDS.

TYPE DP DIA (in)
Straight Bevel 72-2 0.25-21
Spiral Bevel 72-3 0.25-21
Helical Bevel 50-6 0.25-5
Spur & Helical 50-3 0.25-32
Worm Wheel 50-3 0.5-20
Micron 76-25 0.25-2
contact us for a detailed product brochure
ACCUSPIRALS

Call our local representative:

Contact: Mr. Amar Pai

Ph: 925-285-3926 Fax: 425-952-9914

Email: amar.pai @ agileitpartners.com
www.accuspirals.com

PRECISION GROUND GEARS

B Spur, Helical and Pump Lot
Gears to AGMA Class 15 »
W Fealuring the latest grinding
and CNC technology including:
» Reishauer RZ300E Electronic
Gear Grinders
* Gleason TAG 400 CNC, 8-axis
High Production Gear Grinder
* Full CNC Multi-axis Cylindrical
Grinding (Internal and External)
* High Performance CNC Hobbing
B Continuous Process Improvement
Utilizing SPC and Quality Planning
B JIT Delivery using Innovative
Stocking Programs nr“”

800-44 5
Fu-m-;;ﬁgo%s ri- R,

.,J

GLEASON CDRPORATIUN

Gileason is the world’s most comprehy
resounce

v, We ofl

machine program for

millimg and grindin
drical and bevel e learn more aboul
or o hind key

our products and s .
our Web site

vontact inlormation, s

www.gleason.com

GEAR MOTIONS, INC.

www.gearmotions.com

fellows Barber-Coiman

0.E.M.

Gear Hobbers, Fellows Shapers, Grinders,
HOB Checkers, Shaper Cutter Checkers,
Inspection Systems and Lead
& Involute Masters

REMANUFACTURING/RETROFITTING
Barber-Colman Hobbers, Fellows Shapers
and Roto-Technology Inspection Systems

PARTS/SERVICE
» Bourn & Koch, Fellows, Barber-Colman,
Roto-Technology, Ferguson, J & L
= Recalibration of Your Gear Inspection
System, Lead & Involute Masters
= Gear Inspection & Hob Sharpening

TN

2500 Kishwaukee Street  Rockford, IL 61104
phone B15965-4013 tax B16/965-0019
www.bourn-koch.com  bourmnkoch @ workdnet.atlnet

Allen Adams Shaper Services, Inc
Servicing Fellows Gear Shapers

* On-Site Service: Emergency & Scheduled

* Technical Support via: Telephone, Fax, or E-mail
* Parts: New and/or used

* Hydrostatic Guides: New and Repair Service

« Retrofits: Counters, Servos, CNC axis(axes)

* Training: Operator, Set Up & Maintenance

* Preventive Maintenance Plans: Customized to
Your Needs

Allen Adams Shaper Services Inc. is comprised
of all former Fellows employees. Between us,
we have the knowledge and capability to support
all models of Fellows shapers from the oldest, to
the newest CNC and Hydrostroke machines.
Please consider us for all of your Shaper needs.

Telephone: 802-259-2937
Fax: 802-259-3937
E-mail: adams@vermontel.net

CONTRACT METROLOGY SERVICES

CURVIC COUPLING GRINDING
& INSPECTION

BEVEL & CYLINDRICAL

DEVELOPMENTS & PROTOTYPES

APPLICATION ENGINEERING
SUPPORT & DESIGN SERVICES

HEAT TREATMENT
SPECIALIZED GEAR SERVICES

The Gleason Works

1000 University Ave., P.O. Box 22970
Rochester, NY 14692-2970 U.S.A.
Phone: 585/473-1000
Fax: 585/461-4348
E-mail: sales@gleason.com

www.gleason.com

NACHI MACHINING TECHNOLOGY CO.

Now offering the following services for:
Broaching Machines
Gear Shaving Machines
Rack Rolling Machines

+ Repair Services in-plant

+ Redesign & Retool

+ Replacement Parts for Red Ring,
National Broach and Nachl Products

+ Repair Services for most gear and
spline-making machines

Contact:
service@nachimtc.com
ph: 586.263.0100
fx: 586.263.4571
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SERVICE

HOB SHARPENING
(763) 425-5247

% THIN FILM COATINGS %
HSS & Carbide up to 5" Dia,
Straight Gash,

Sharpened & Inspected
Per AGMA STANDARDS
Quick Turnaround

T/

KORO SHARPENING SERVICE
9530 - 85TH AVENUE NO.
MAPLE GROVE, MN 55369

info@koroind.com

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-100DP, 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: bruce@americanmetaltreating.com

Breakdown Service Available

¥ Gear cutting from raw
material to finished parts

® Ground tooth gears and
pinions to 1 D.P. and up to
N A.G.M.A. quality class 12

From 1" Dismetes, 64 0.F

ta mas e sires foted Max. Face | Max Sise | Max Puch
Spur Gears W | &R0 | 10P
Haical Goars w g 10P
Spur & Helical Gears

Crown Habbed o RO 10P
tntornal Gears & Sphnes L 0 eD. | LMOP
Grownd Gears. Crowned ar Straight w D 10r
Herringhone Gears, Conter Grove w ¥ PD 0P

JV MIDWEST GEAR CORP,
Dwvemn tf Purr Macturs Compary
2182 E. Aurora Rd., Dept MG, Twinsburg OH 44087
Phone: (330) 425-4419 » Fax: (330) 425-8600
www.mwgear.com * E-mail: sales@mwgear.com

HicH PropucTION

Gear BLANKING

* SoLip FORGED

* Ring GEARS

* FoRGeED GEAR SHAFTS
n .
MIiOSEY
MANUFACTURING

[COMPANY. INC.

ISO 8002:94/QS
9000+98 Registered

262 Fort Wayne Ave » Richmond, IN 47374
Phone: 765-983-8800 » Fax: 765-983-8736
www.moseymanufacturing.com
Email: samosey @aol.com

* 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
Loves Park, IL 61111 USA
Phone: 815-877-8900
Fax: 815-877-0264
Website: www.gleason.com
E-Mail: gctc@gleason.com

Sharpening Service

for hobs, milling cutters
shaper cutters, shaving cutters

@5

Y GOLD STAR COATINGS

Tel.: (847) 649-1450 - Fax: (847) 649-0112

Tel.: (989) 345 -2865 - Fax: (989) 345-5660

5200 Prairie Stone Parkway, Suite 100
Hoffman Estates, IL 60192

2083 W.M-55, West Branch, Ml 48661
1-888-Resharp 1-888-737-4277

1580 Progress Dr,, Richmond, IN 47374
Tel.: (765) 935-T424 - Fax: (T65) 935.7631

GROUND GEARS

< HOFLER HELIX 400 CNC GEAR GRINDER

GEAR & MACHINE CO.

4884 Stenstrom Road, Rockford, IL 61109
Phone: (B15)874-3948, Fax: (815)874-3817
www.raycargear.com

WHEN IT HAS TO BE RIGHT

* Gear Grinding to 94"

* Industrial Gears to 250" THE

* Turbo Compressor Gears Sl ¢ .1+
* Custom Drives Wi

* Spline Broaching ORKS
* Gear Metrology

* Stock Planetary Speed Reducers
GEARS0X AEPAIR
l Custom Gear Services Since 1946 I
ISO-8001

www.thegearworks.com

The Gear Works—Seatlle, Inc.
500 S. Portland Street
Seattle, WA 98108-0886

Phone: (206) 762-3333
Fax: (206) 762-3704
E-mail: sales@thegearworks.com

i,
INTERSTATE TOOL CORP.
CLEVELAND, OHIO

N/

CUSTOM ENGINEERED &
MANUFACTURED CUTTING TOOLS
ESTABLISHED 1960

FORM RELIEVED & PROFILE GROUND
MILLING CUTTERS
GEAR SHAPER & SHAVING CUTTERS
ALL CLASSES OF HOBS
HSS. SOLID CARBIDE & CARBIDE TIPPED

WHETHER YOU NEED NEW TOOLS,
MODIFICATIONS, RESHARPENING,
REPAIRS OR M&M INSPECTIONS,

CONTACT US FOR A QUOTE TODAY!

www.interstatetoolcor.com
Tel: 216-671-1077 « Fax: 216-671-5431
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ADDENDUM

To Climb A Mountain,

A Railroad Needs Gears

ecently, the Addendum team
has taken a keen interest in a
Swiss mountain. Being the
Addendum team, we haven't
been interested in this rocky, fissured
mountain for its natural majesty.
We've been interested in its geared
railway, its very steep geared railway.
The mountain is Mount Pilatus, in
central Switzerland, near Lake Lucerne.
The railway is the Pilatusbahn, It climbs
1,689 vertical meters at an average grade

of 42 percent and a maximum grade of |

48 percent. At the higher grade, the rail-
way's cars rise almost one meter for
cvery Iwo meters run.

For cars to make the climb, the rail-

way uses a specially designed rack and |

cogwheel assembly. The design was so
special ASME International designated
the Pilatusbahn a historic mechanical

engineering landmark in September |

2001,

The design came from engineer |

Eduard Locher of Ziirich in the late 19th
century. His design consisted of a honi-
zontal double rack.

The rack is centered between the
rails, with a set of rack teeth facing each
rail. Each set is engaged by a cog-
wheel—a gear. A pair of these wheels is
mounted horizontally under each of the
railway's cars.

Also, each cogwheel has a flange on
its lower side. A horizontal disc, each
flange extends under the rack itself, lock-
ing it to the rack.

Locher's design was special because |

it solved problems that had kept a rail-
way from being built on Mount Pilatus.
In honoring the Pilatusbahn as a land-
mark, ASME International researched
the history of the railway.

In that history, a railway was pro-
posed in 1873 using a rack and cogwheel
design that had proven successful on

other mountains, The design also located
the rack between the rails, but its cog-
wheel was mounted vertically under the
railway car. Driven by the car’s locomo-
tive, the cogwheel rotated, in effect
climbing the rack.

The proposed railway wasn’t possi-
ble. lts track gauge, maximum grade (25
percent), and passenger cars with sepa-
rate locomotives would've resulted in a
railway some 8,000 meters long, with
curves (oo large for Pilatus’ terrain and
with rolling stock that was too heavy.

Also, Swiss authorities wouldn't per-
mit a steeper grade because they worried
high winds on Mount Pilatus would cause
the cogwheel to “climb out™ of engage-
ment with the rack.

Locher’s design solved those prob-
lems.

Mounted horizontally, his cogwheels
wouldn’t climb out of their rack, even on

very steep grades. The cogwheel flanges |

also helped prevent climb out, even in
high cross winds.

Other design differences lightened the
railway's rolling stock and made the moun-
tain route half as long as the 1873 route.

Construction of the railway started in
April 1886. Operations started June 4,
1889,

More 100 later, the

than years

Pilatusbahn is still running. The railway is |

owned by PILATUS BAHNEN, a Swiss
tourism company located in Kriens.

The railway transports an estimated
156,000 people every year up and down
Pilatus” south side.

The people visit the top of Mount
Pilatus, where two hotels are located. 1o
view art exhibitions, take guided hiking

tours, or sunbathe on the hotels’ patios in

summer and winter. They come to hold |
conferences and seminars in one of the |

hotels, the Hotel Kulm.

They also come for the experience of

The Pilatusbohn is o cogwheel railway in Switzerland
and dimbs 1,689 vertical meters to the top of Mount
Pilatus. The steep dimb has o maximum grade of 48
percent, or 21.6 degrees.

A segment of the Piatusbohn's rack ond cogwheel
assembly is disployed os on owtdoor sculpture of
Alpniachstod, the railway's station at the foot of Mount
Pilatus. (Photo courtesy of ASME Infernational.)
riding the railway,

To cover 1,689 vertical meters, the

cars actually travel 4,594 meters of rail-
way. The ride up takes 30 minutes; the
ride down takes 40. Cars climb at 7-12
kilometers per hour and, for safety rea-
sons, descend at a maximum of 9 kilo-
meters per hour.

Besides the
Locher’s design solved the problem of

mountain's  grade,
Pilatus’ winds. Those winds don’t always
blow, but when they do: “They can go
easily over 100 Kkilometers an hour,”
says André Zimmermann, PILATUS
BAHNEN's chief executive officer. Even
at such speeds, the railway can continue
to run—"The system is that safe.” ©

Tell Us What You Think . . .
Visit

* Rate this column

. a w.

Or call (847) 437-6604 to talk to one of our
editors! ' ] '
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Experts

e can helb with all your gearing requit ments.
\arge inventory of standard and non-sta wdard cutting tools
Nears of experie manu%ac*u;%g aircraft parts complete
Exiremely short lead-times on prototype and custom jobs
Dozens of processing fiduses within driving distance
Auto-\oaded CNC hobbing and turning @guipment
CNC gear and spline shaping up Sdiameter
CNC furning up to 30" diameterl 120" long
NG four-axis milling up to 36"y 88" long
Expert gear and spline engineering statf
Many aircraft O.E.M. Quality approvals
Hofler CNC gear ingpection equipment
\any experienced gear machinist

IR PO 2003 BOOTH # 1009}
Perry Technology Corporation,,

P.O. Box 21 / 29 Industrial Park Road
New Hartford, CT. 06057
Phone: (860) 738-2525
Fax: (860) 738-2455

E-mail: sales@perrygear.co
website: www.perrygear.com
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Grin
with the
experts

Star-SU offers a comprehensive line of gear
finishing, grinding, and tool resharpening
technology for a variety of applications.

Options that include on-the-machine inspection,
automatic dressing or robotic automation are
available. Star-SU offers economical single
purpose or multiple purpose package solutions
depending on the application need.

With a long history of manufacturing gear
cutting tools Star-SU has gained significant
competency in applying its own machine tools to
its manufacturing processes which include gear
cutting tools of all types, master gears and
screw compressor rotors.

- Profile and continuous generating gear
grinding/honing

- Rotor, thread and broach grinding

- Universal tool grinding

-~ Hob grinding and resharpening

— Shaper cutter grinding

— Shaving cutter and master gear grinding

- Carbide tool grinding

-~ CBN and diamond plated profile grinding
wheels

Visit our website to
download our complete
program of products and
find out the match for your
particular need. We're
closer than you may think.

e See us at AGMA Expo
q;m 2003, Columbus, OH,
=&~ in Booth 1134,

SEE US AT GEAR EXPO 2003 BOOTH # 1134

lar

Star-SU Inc.

5200 Prairie Stone Parkway
Suite 100

Hoffman Estates, IL 60192
Tel.: (847) 649-1450

Fax: (847) 649-0112

sales @star-su.com
www.star-su.com




