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Announcing the most significant
advance in bevel and hypoid gear

manufacturing ever...
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magine what you could do with a bevel and | performance benefits of the Gleason PHOENIX"
hypoid gear-cutting machine with five times | 6-axis CNC cutting machine. When equipped
the surface speed of conventional cutting. . . | with the advanced new tooling and an

innovative new chip removal system, the
.A machine that slashes PHOENIX machines raise the productivity, quality
production times to as little

_ y and efficiency of your
as 20% of what they

a ) gear-cutting
operation to levels

unimaginable just a

were, and lowers the cost
per piece accordingly.

: few years ago.
...A machine that does ) &
face hobbing and face But perhaps what

milling on gears and these machines cut

pinions without the use Y best is vour cost.
And isn't that a great
way to start the

new century?’

of coolant, so chips are
dry and easy to recycle,
parts are clean, and your work
area’s dry and safe.

| For more information on this
Introducing Power Dry Cutting, a revolutionary

remarkable new technology, including tooling,
process breakthrough combined with all the ‘

machines, and resharpening services, contact:

Gleason PEAUTER HURTHM

The Gleason Works, 1000 University Ave., Rochester, NY 14692
Phone: 716/473-1000 Fax: 716/461-4348 Web site: www.gleasoncorp.com

American Plauter Limited Parmership, 1351 Windsor Rd., Loves Park, IL61111
Phone: 815/282-3000 Fax: 815/282-3075 Web site: www.plauter.com E-Mail: Sales@ pfauter.com
Pfauter-Maag Cutting Tools Limited Partership, 1351 Windsor Rd., Loves Park, IL61111
Phone: 815/877-89(00 Fax: 815/877-0264 Web site: www.pmet.com E-Mail: Sales@pmct.com

“DIMTS 98 BOOTH NO. B1-7150
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STAR PRECISION HOBS...

BECAUSE NOT ALL GEARS ARE CREATED EQUAL
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The only way fo get top quality gears, is o mu(hmehwmh precision hobs.
At Star Cutter, we ufilize the most advanced technology ovailable fo insure that
each of our precision hobs will deliver the exact performance you need — cut after
cut, day after day.

Take odvantage of our experienced engineering department to design and
develop the most economical hob to meet your individual special unique gear
manufacturing requirements. These hobs are available with Gold Star fitanium
nitride, fitanium corbo-nitride and other odvanced Gold Star coatings.

If faster-running, quieter and more accurate gears are your objective, you
con't do better than Stor. Coll, write or fox for more information.
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STARCUT SALES, INC
Subsidiory of Star Cutter (ompany

P0. Box 376

Farmington, MI 48332-0376
248/474-8200  FAX 248/474.9518
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Now You Can Meet ISO 9001 Gear Inspection
Demands With A Simple Mouse Click

Yes, it's that easy to get accept/reject test results to IS0, AGMA and DIN standards with Mahr's
new DF1 890 series double flank gear roll testers. Easy-to-use, Windows® ‘95-compatible
WinGear® test and evaluation software lets you determine Total Composite, Tooth-to-Tooth and
Radial Runout errors with a single mouse click.

There's much more, of course, including Mahr's field-proven modular mechanical design and,
on the model 896, a highly sensitive leaf spring transmission which allows measuring force
adjustments to 0 ounces - an especially critical feature for testing plastic and powdered metal gears.

For FREE FACTS, contact the Mahr gear measurement specialists:
1-800-969-1331 Fax: 513/489-2020.

The Measure of Your Quality
Mahr Corporation
11435 Williamson Road * Cincinnati, OH 45241 * Phone: 1-800-969-1331 » Fax: 513/489-2020
Get In Gear With Mahr's M
Faclory-proven. hand-held gear measuring tools + PC controlled, double flank mﬂmrm CNC analytical gear and
form testers + Swrface finush lest equipment for gear looth profiles

SEE US AT IMTS BOOTH #D24437
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I IFMANUFACTURING

In the approximately 15 years that | have been writing edi-
torials for Gear Technology, 1" ve purposely avoided certain top-
ics. Sex, religion and my own used gear machinery business are
among the subjects that have always been off limits. But with
this issue, I'm going to break one of my long-standing taboos
by talking politics.

It's not politics in the usual sense of partisan debate between
Republican and Democrat. It's not about my stance on govern-
ment regulation, health care reform or environmental legisla-
tion. This is politics on a more general level.

For a long time I've felt that Americans don’t have enough
exposure to or understanding of the importance of manufactur-
ing and industry to the overall well-being of our country. Fifty
years ago, people lived and worked around factories. People
lived in towns where things were made. Today many of us live
in suburbs and work in offices. The only time most of us inter-
act with manufactured goods is when we buy them.

Part of the problem is image. The media has portrayed fac-
tory work as dirty, boring and dead-end. But the fact remains
that industry is as important to our economy today as it was 50
years ago. Unfortunately, many Americans are too far removed
from actual manufacturing to understand that much of our
country's strength comes from our ability to create wealth out
of raw materials.

The manufacturing perspective is even less well represented
among our clected officials. Since Congressional Quartlerly
began tracking the previous occupations of members of
Congress in the 1950s, lawyers have always been the biggest
group. In today's Congress, they make up 42% of the total.
Businessmen and bankers make up the next big chunk, with
40% of the total, But people with a manufacturing background
are only a small, unidentified portion of this 40%. Most of the
rest are from banking, finance and major corporations.

At some point we have to ask ourselves whether the right mix
of people are making the rules, whether the right experiences,
backgrounds and mindsets go into the decision-making process-
es that affect all of our lives. After that, we have to ask ourselves
if there's anything we could or should be doing about it?

This brings us to politics on a more personal level. A young
man that I've known for the last couple of years has decided to
run for the U.S. House of Representatives in the upcoming
November election from his district in the Niagara Falls area of
New York. Chris Collins, who was president and majority
owner of Nuttall Gear, recently sold his company and has
decided that the best use of his experience and talent is to try to
help influence the direction of our country and our society by
running for Congress.

Collins began his career in the gear industry with
Westinghouse Electric, where he worked his way up to manag-
er of gear products for their Electric Motor & Gear Division in
Cheektowaga, NY. He served in that post from 1979 until 1982,

when he arranged the leveraged buyout of the gear division and
moved the operations to Wheatfield, NY.

The new company was named Nuttall Gear, after the origi-
nal company founded in 1887 by R.D. Nuttall in Pittsburgh, PA.
Westinghouse had bought the original Nuttall Gear in 1928,

While few of you will be in a position to actually vote for
Collins, I hope that you see the worth of having a businessman,
a gearman, and most importantly for me, someone from indus-
try, representing a perspective in Congress that is seldom voiced
among a population of lawyers and professional politicians.
Collins has had to find ways to make a payroll, keep customers
happy, be sensitive to his employees and grow a business all at
the same time,

There has always been a great fear of turning over the reins of
government to wealthy special interest groups. Thoughts of rob-
ber barons and the “military industrial complex™ come to mind.
Selling his gear company has certainly afforded Collins some
measure of personal wealth. He has even backed his campaign
with some of his own
But the mid-
sized business repre-
130-
employee  operation
Collins left behind is a
far cry from the mega-
corporations so often
the target of anti-busi-
ness-in-Washington

money.

sented by the

sentiment. The fact is,
more Americans work
for small and mid-size
companies than for large ones. According to the 1992 U.S.
of the
employed by firms with fewer than 500 employees. The back-
ground and ideas Collins could bring to the table might provide
some much needed balance to what has for a long time been a
very lopsided Congress.

I can’t speak to Collins’s stance on specific issues. From my
viewpoint, it doesn't much matter whether he is Republican or
Democrat (Republican, for the record). But I can tell you that he
has been very closely involved with subjects that are important

Economic Census, more than 50% work force is

to me personally and to the industry 1 am part of.

I also can't tell you what to do with your money. Political con-
tributions are a very personal business. But the chance to have in
Congress a friend of manufacturing in general and of the gear
industry in particular might be an investment worth making.

Michael Goldstein,
Publisher & Editor-in-Chief
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oprel® E -1 GEAR
MACHINES

(FROM 8" TO 98" DIAMETER)
12 MODELS
STARTING AT $39,995

#GS10-3CNC (SHOWN)
10" GEAR DIAMETER
3" FACE WIDTH
MAX. PITCH: 4.2 DP
»ene $159,995
"MANUAL" $64,795

GEAR SHAPING MACHINES

(FROM 3" TO 78" DIAMETER)
38 MODELS
STARTING AT $35,995
MODEL #GHS-6FP (SHOWN)
8" GEAR DIAMETER
6" FACE WIDTH
50 TO 6.3 DP
POWER TAILSTOCK

AXIAL/RADIAL FEED
$46,995

GEAR HOBBING MACHINES

Call now for more information:

TEL (213) 933-7191 FAX (213) 933-7487

Eastern representative

SPECK GEAR SERVICES, INC.
Phone: (630) 213-8340 Fax: 8441

P.O. Box 88177, Carol Stream, IL 60188

BASIC

MACHINE TOOLS

P.O. BOX 36278, LOS ANGELES, CA 90036
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Gear M

he gear industry is awash in !
manufacturing technologies that |
promise to eliminate waste by !
producing gears in near-net
shape, cut production and labor costs and |
permit gear designers greater freedom in :
materials. These methods can be broken
down into the following categories:

alternative ways to cut, alternative ways

to form and new, exotic alternatives, :

Some are new, some are old and some
are simply amazing.
Alternative Ways to Cut
Traditional
involves cutters, hobs and other tools

gear

that quickly remove metal from the piece
being worked. These are not, however, ;
the only ways to cut metal. Stamping, |
fineblanking, lasers, electrical discharge
machining and abrasive waterjet are all |

being used for gear production, each fill-
ing its own market niche.

Stamping and  Fineblanking.

Stamping is a metalworking technique

that has been compared to using a cook-
ie-cutter. A cutting die is pressed down
into the metal and pulled out again.
When it comes up, the workpiece is

ejected and the process begins again. :

Stamping 1S very fast, very efficient, but
not terribly precise, with a great deal of

clearance differences between work- |

pieces common. Because of this, work-
pieces often require post-press grinding,

shaving or other machining. Stamping is :

restricted by the thickness of the piece
being worked and is used primarily for
spur gears and other thin, flat forms.
Fineblanking shares certain similari-
ties to both stamping and forging. The
process takes metal from a sheet like
stamping but differs from it in that it uses
two dies and forms the workpiece by
pressing it into the desired shape. In this

manufacturing

Charles Cooper

LA LA L

Alternative
anufacturing

Fig. 1 — A double gear fineblanked in one hit using a semipierce by MPI International, Inc.
machining and welding required under
the original design. The gear was

way it is similar to forming techniques
such as forging and powdered metal

compaction. The metal is extruded into :

the die cavities to form the desired shape.
Also stamping,
offers the designer a limited three-dimen-

unlike

sional capability and can thus be used 10 |
create bevels, multiple gear sets and !

other complex forms.
The double gear for an automotive

seat shown in Figure 1 was made by MPI :
International, Inc., a Michigan-based :

fineblanking and stamping company.
The part was traditionally manufactured
by taking a stamped gear and welding a
machined gear hub to it. This was expen-
sive, the results inconsistent and, accord-
ing to MPI, there were many rejects.
Fineblanking's repeatability of the con-
centricity of the two gears as well as
nearly distortion-free shaping was the
answer. Tolerances were kept to .0005

inches and savings were realized on the :

elimination of rejects and the additional

fineblanking :

strength tested prior to production and

* has successfully carried passengers in

over 2 million vehicles.

“Fineblanking gives you a stronger
gear than stamping or powdered metal,”
said Rick Eisele of MPI International.
“In fact, many powdered metal gears are

i replaced by fineblanked gears. You get

close to machined-gear quality with
fineblanking.” Stamped and fineblanked
gears can be found in a myriad of appli-
cations including the automotive, appli-
ance, office equipment, hydraulic and
medical equipment industries.

Lasers. While sometimes slower than
traditional techniques, depending on the
material, lasers can easily cut complex
shapes such as gears with great precision
and very little waste. This conservation
comes from the ability of the CNC
machines controlling the lasers to reuse
cutting paths, getting as many gears from

JULY/AUGUST 19988 9



a single sheet of metal as possible. '
According to Matt Kalina, Director of :
Marketing for the LAI Companies, spe- |
cialists in laser and abrasive waterjet

technology, this fine nesting capability

makes laser cutting one of the most eco- |
nomical ways to make certain types of :
gears, Also, the computer control means '
laser cutting is also low maintenance. :

The setup and first runs are always :

closely supervised, but the actual pro- :

duction runs don’t need any real super- °
1 common.

vision due to the CNC programming.

The trade-off for this speed, preci-
sion and ease of use is that pieces cut :
with lasers have heat affected zones, !
areas where the metal is heated beyond
i that would require too much power,”

a critical transformation point and
recast. These zones are limited, howev-

er, to the edges of the cuts—minimizing, :
but not eliminating heat distortion and :

the need for further machining. Post

~Gear Up &
Quiet Down

Specializing in Noise Reduction,
Analytical Gear Design and
Drivetrain Prohlem Solving.

AXICON ALSO OFFERS:

* Custom Engineered Gears and
Parallel-Shaft Gearboxes (Conventional
or with Differential Crowning™)*

* Gear and Drivetrain Testing to 250 HP

* Rapid Prototyping Services

AXICON

TECHNOLOGIES.

—d

LN,

For Additional Information Contact Us At:

2857 Banksyille Road
Pittsburgh, PA 15216-2815
(412) 531-7500

(412) 531-7035 Fax

*Differential Crowning is covered by U.S. and International patents, awarded
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production grinding and hobbing are

The type and thickness of the metal
being cut is also at issue with lasers.
“Lasers have trouble cuiting metal more

than 3/4" thick. To cut anything over

i said Kalina, “They are also limited to

non- or semi-reflective materials. Metals
like aluminum and brass, that are highly
reflective, are difficult to cut because the
laser has trouble focusing its beam.”
While lasers are, like stamping, tra-
ditionally limited to flat forms such as
spur gears, newer five- and six-head

i CNC controlled machines are changing
that. LAl has used them to cut more

complex gear forms such as spiral

worms and helical gears.

: “We’ve done a few jobs like these,” said
: Kalina, “everyone was very happy with

the results.”

Electric Discharge Machining.

EDM uses electricity to melt or vaporize

. the material being cut. Depending on the
. application, the electrode can either be a

wire (wire EDM) or a pre-shaped solid
used as a vertical “sinker” EDM.
Like laser cutting, EDM causes heat

i affected zones in the workpiece that
! could require later machining. However,
i it also eliminates many of the other
i problems associated with traditional
| gear cutting methods. The metal can be
: pre-hardened and then EDM processed
© 10 eliminate the need for any further
i machining. Also, wall thickness, and

cutting and clamping pressures are not
considerations since the piece is being
cut with electricity instead of steel.
According to James Spalding, CBC,
for Charmilles

. Technologies, “for gear manufacturers,
. the biggest advantage of EDM is unat-
. tended machining. A group of machines

can be programmed and left to work.”

- Fig. 2 — An LAI laser cutter in action.
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THIS YEAR SEPTEMBER 9TH WILL BE
HOTTER THAN THE 4TH OF JULY.

We're introducing our revolutionary KAPP KX1 Gear Center and our new line
of NILES ZP profile grinders at the Chicago IMTS show. Of course they come with our
famous KAPP CBN grinding wheels and our complete process package which ensures

reliability and your complete satisfaction.
Stop by and see us at McCormick Place. Take your jacket off ”npp

and loosen your tie, because it's going to be hot! Sales and Service
PHONE 303-938-9737

:.':f::,:a l MTS 98 See us at booth B1-6981 BOULDER, COLORADO
HICAGO, SEPTEMBER 9-16, 1998

KAPP Sales and Service L.P. representing KAPF, Kapp Tech and NILES Berlin @
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Fig. 3 — An LAl five-axis waterjet uses a 55,000-p.s.i. stream of water mixed with garnet abrasive to
trim an aircraft screen panel made of titanium for Lockheed-Martin's new F-22 Fighter.

This translates into a savings in terms of
labor because a machinist does not have
to be present during the entire produc-
tion cycle. Additionally, because the

gears produced are near-net shaped, :

costly post-production machining can
also be avoided. EDM can provide
pieces with tolerances up to AGMA class
10 right off the machine.

Abrasive Waterjet. Abrasive waterjet,
introduced to manufacturing in the early
1980s,
method for cutting and drilling any

has evolved into a versatile
material and continues its rapid growth
as a viable option for making gears.
“The technology's key attributes
flexibility, quick setup and simple tool-
ing—make it a good match for making

prototypes and small runs of custom :

said LAI's Matt Kalina.
“However, waterjet's dual head capabili-

gears,”

ty, quick cycle time and ability to pro-
duce an excellent surface finish (125
r.m.s. typical) also distinguish it as a fea-
sible alternative for medium to large pro-

duction runs.”

Here's how abrasive waterjet technol- :

ogy works:  High water
(50,000-60,000 p.s.i.) runs through a

pressure

jewelled orifice ranging from .005 to

.013 inches in diameter and into a nozzle

ranging in size from .015 to .05 inches in
12 GEeARr TECHNOLOGY

diameter.

vacuum, drawing finely ground abrasive :
(i.e. garnet) into the nozzle's mixing
: chamber and out to make contact with !

the work material.

For gear manufacturers, the main |
. advantage is the ability to cut a ready to !
. use part quickly and, depending on the !
level of precision, at a lower cost per |

unit than conventional machining. It is

frequently the method of choice since it |

typically produces burr-free edges with-

¢ out heat affected zones, can easily han-
i dle heat-trcated materials, and, unlike

lasers, can cut through stacks of materi-

. als to create multiple parts at the same

time, saving money and time,

LAI has used abrasive waterjets to cut
lapping machine gears from the difficult
to machine G-10 plastic resin composite

material; cut titanium rack and pinion :

components for commerical jet pilot
seats; process phenolics into machinery
gear components and cut spring steel
into gears with tightly spaced teeth.
According to Kalina: “Since abrasive
waterjet machines can achieve toler-
ances of +/-.001 inches, depending on
the thickness of the material, they can
produce desirable characteristics in

gears that do not require a high degree of

i precision, especially large gears since

The water stream creates a :

GUAR CUNDANMEN LS |

huge waterjet gantries can accommodate
massive work pieces.”
Alternative Ways to Form

These methods use dies to mold the
metal into the desired shape. Casting and
forging are both press work techniques
using heat and pressure to form the final
workpiece. Both are also near-net shape
methods that leave little scrap metal and
require little or no subsequent machining.

Casting. In its most basic form, cast-
ing is the process of pouring or injecting
molten metal into a die, allowing it to
cool, and then ejecting the finished or
near-finished product. The major type of
casting used in the gear industry today,
for high strength and durability, is cold
chamber casting.

Cold chamber casting begins with
molten metal being ladled into the injec-
tion cylinder. A plunger pushes the
metal into the closed die cavity where it
is kept under pressure until it solidifies.
The die is then opened, the piece is eject-
ed and the plunger pushes the solidified
slug from the cylinder.

One of the largest gear castings came
out of Sivyer Steel of Bettendorf, lowa.
Their client, AmClyde, a manufacturer of
mining and drilling platforms and machin-
ery, needed a 62 foot diameter gear. It had
to have a minimum ultimate tensile
strength of 115,000 psi, a minimum
95,000 psi yield strength, minimum 14%
elongation and minimum 30% reduction
of area. Sivyer cast the gear in twenty seg-
ments, each 6 inches high by 6 inches
wide by 117 inches long and weighing
1600 pounds using the cold chamber
process. For the full story, read “A Huge
Success” in the September/October 1995
edition of Gear Technology.

Forging. Forging can create stronger
parts than casting or any other manufac-
turing method. The forging process is
usually performed hot with the metal pre-
heated to a desired temperature and then
placed under intense pressure until it
deforms and fills the die cavity. This can
be done on a traditional press or by using
dies mounted on rollers in a method pio-
in the old Soviet Union. The
resulting part is referred to as a forging.

neered

Forgings are used primarily as com-

ponents in critical mechanical systems



where great strength and durability are
required. According to the Presrite
Corporation, tests showed that forged

gears last almost twice as long as con-

ventionally produced gears. This great
strength comes from the grain fiber
structure of the metal following the out- |

side contour of the part being forged into

the forging’s final near-net-shape. At the

end of the forging process, there is usu-

ally only a small amount of metal around :

the teeth that needs to be ground off.
Once that is done, the gear is finished.
Powdered Metal

and other shapes is a materials innova-
tion that uses powdered instead of
molten or heated metals as in regular

metal forming processes. The powder is |

usually a blend of metals which are com-
pressed into a pair of dies at room tem-
perature. This is usually followed by sin-

tering, a process of heating the pressur- |
ized metal to just below the melting |

point of the base metal. Sintering binds
the metal particles together, producing
excellent tensile qualities which can be
enhanced by further heat treatment.
Studies have been conducted compar-
ing powdered metal gears to gears made
by other processes. One such study,

which can be found in the Septem-

ber/October 1995 edition of
Technology found that induction-hard-

Gear

ened, sintered powder metal spur gears
had slightly better dynamic tooth stress |
induction-hardened, !
melted steel spur gears but that for sur-
face durability the steel gears were bet-
ter. They also found that the steel gears,

capacities than

when they broke, would break suddenly,
while the sintered gears would gradually

weaken and break due to the porous

nature of the material.

Fig. 4 — An assortment of gears forged by the
Presrite Corporation.

Forming.
Compacting powdered metal into gears

Powdered metal compacting allows
bevel, rack, face, spur, helical and com-
pound gears to be made up to AGMA 8

1000 pieces per hour. Internal items like
splines, keys and keyways can also be

made to final shape with no post-press :

machining operations, eliminating scrap
losses. Internal elements can be made
simultaneously with the gear profile,
again eliminating the need for subsequent

GEAR FUNDAMEN TA LS |

- machining and allowing an efficient use

of dies and materials. All this makes pow-

. dered metal a popular alternative gear
standards with production rates of up to :

process with applications in the aero-
space, automotive, home appliance and
power and hand tool industries.
Exotic Alternatives—Chemical
Etching and Microgears

Using chemicals to etch out gears is
new. Developed originally for making
integrated circuits, this technology is now

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

at present.

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
cutters, hardware and replacement parts for
most 5°-12" diameter bodies.

Whether it's service or manufacturing, con-
sider us as an alternative source for replace-
ment parts and hardware as well as bodies
and cutters.
You'll be in for a pleasant surprise.

Royal Oak, Michigan 48067

NEW! Straight Bevel Cutters. Tol: (248) 544-3852 » Fax: (248) 544-3922
e
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being used at the Sandia National |
Laboratories in New Mexico to make
electric :

experimental microengines,
motors no bigger than a grain of sand.

The manufacturing process consists |

of laying down alternate layers of poly-
crystalline silicone (polysilicon) and sil-

icone dioxide. Photolithography is used |
to set the patterns for the layers of the '
materials. Vias etched through the sili- |
cone dioxide provide anchor points

hs?ers for fine pitch.
e flank testers for

No matter what the application; coarse
pitch, fine pitch, externals, internals,
shafts, metal or plastic — we look
forward to working with you.

between the mechanical layers and to the
the silicone dioxide
¢ layers are etched away in a bath uf
. hydrofluoric acid (HF), leaving a system |
consisting of one layer of polysilicon to |
. provide electrical interconnection and |
. one or more independent layers of poly- |
silicon, which form mechanical elements :
¢ to move an object that weighs a pound.

substrate. Finally,

such as gears.

Realizing that their electrostatically- |
powered microengines didn’t produce
. speed bicycle with a smaller gear mount-
- ed concentrically onto a larger one. The

for coarse pitch.
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¢ multi-level gears, the first with a

enough power to actually do anything,

the engineers working on the project
went on to develop a microtransmission
to provide their engine with a lower gear.
So far, they have been able to put enough
of these gears together to give their tiny
motors 3,000,000 times the torque of the
motor alone, theoretically enough power

The gears in the microtransmission
assembly are similar to the gears on a ten

transmission consists of a pair of these
gear
reduction ratio of 3:1 and the second

i with a gear reduction ratio of 4:1 to give
i a total of 12:1.
i together give a remarkable gear reduc-
. tion ratio of 2,985,984:1.

Twenty-nine such gears

The first uses of these microengines

. and gears will be as safety devices on
. nuclear weapons as well as in the next
¢ generation of “smart” weapons, moving
- tiny reflectors to channel light through
on-board fiber-optic networks and per-
i forming other high-precision tasks. Later
. applications could include implanted
i drug delivery systems, control systems
i for automobile airbags, adaptive optical

. Fig. 5 — An electromicrograph showing a spider

mite walking across microgears produced at
Sandia National Laboratory.

e &
Fig. 6 — An electromicrograph showing part of
the microtransmission built by Sandia National

Laboratory.
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For high volume gear inspection
systems, you can’t beat Moore.

Here's why:

MOORE Experience

Moore has been designing and producing
high quality, reliable gaging systems for
more than 50 years.

MOORE Technical Back-up

Moore’s U.S. operations provides over
1,000 employees and a 375,000 sq. #.
manufacturing facility, full engineering

serw'ces,,ffus additional operations
worldwide.

MOORE High-end Electronics
Moore’s Gaging Division draws on the
technical skills and experience of the
Moore Products Co., Instruments and
Conitrols Division, which produces
state-of-the-art computer systems

and software for process control.

MOORE’s Size

Moore is ."orge enough to
handle major programs Call Or Fax The Moore Gear

and specialized enough Gaging Experts Now
to assure you personal

attention. Tel: 1-215-646-7400 Ext. 2352
Fax: 1-215-653-0347

Attn: Gage Division, Gear Team

Moore Products Co., Gaging Division

Sumneytown Pike, Spring House, PA 19477 “The Measurable Difference”
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technology, sensors for acceleration and
rotation and as safety devices for conven-
tional and civilian explosives. One major
advantage will be ease of fabrication.

According to project engineer Steve !
Rogers, companies will be able to down- :

load the basic transmission elements, and
once they’ve done that, they can design as
many as they need cheaply and easily.

Was the microtransmission able to

move that one pound weight? According to

DR

Dr. 1.J. Sniegowski, one of the inventors of

the microtransmission, not yet. “The mate-

rial isn’t strong enough to take the strain
and the gear teeth break,” he said. * We
are, however, experimenting with various
methods to increase the strength.”
Alternative gear processing is used to
cut costs and waste and some techniques
are better at it than others. Most promise
to produce near-net shapes with little or
no post production machining. With oth-

A SIER

precision through diamond

for Gear Dressing Applications

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

We also produce gear dressers for

DR. KAISER

Call or fax us your gear dresser requirements.
You will quickly discover what leading U.S. gear producers have learned.
Dr. Kaiser gear dressers are the best value available.

Imported by

S.L. MllIlSOIl 1517 Gregg St., Columbia, SC 29201

1-800-775-1390 « 1-803-252-3211

Company .’ sz

SEE US AT IMTS BOOTH #B2-6555
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Fig. 7 — An electromicrograph showing six
microgears. Sandia National Laboratory.

Fig. 8 — An electromicrograph showing showing
details of the gears in Figure 7. Sandia
National Laboratory.

. ers some machining is necessary. Each,
. however, has its specific uses and pro-
i duces gears with certain capabilities and
. applications and each has a place in the

gear production marketplace.Q
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AGMA'S BANNER YEAR PUBLISHING STANDARDS

The Alexandria, VA based American Gear Manufacturers
Association produced an extraordinary number of new technical
standards, AGMA manuals and information sheets in 1997,
“We're extremely pleased by the work, enthusiasm and care dis-
played by our committees,” said William Bradley, Vice President
of AGMA's Technical Division. “The members are very consci-
entious in sharing their professional knowledge and experience,
and tenacious in solving problems.”

The trend is expected to continue in 1998, AGMA anticipates
releasing documents on enclosed drives, high-speed gear units,
powder metallurgy gearing specifications, bevel gear rating, fine
pitch gearing, materials for marine gearing, worm gear inspection,
sound testing and flexible couplings.

AMERICAN METAL TREATING ANNOUNCES
MAJOR EXPANSION

American Metal Treating Company announced plans for a
major expansion of their Cleveland, OH steel heat treating facili-
ty. The new building will add roughly 10,000 square feet of floor
space at a cost of $400,000. The added capacity will allow
American Metal Treating to induction harden gears measuring up
to 16 feet in diameter and weighing up to 15 tons—a trend in the
gear industry—and reduce lead times for their customers, “We
have been operating close to capacity for several years now so the
new machine hours will allow us to process parts faster,” said
Bruce Devney, V.P. Sales. *Customers are always looking for
ways to shorten heat treating lead times."”

MITSUBISHI EDM APPOINTS REGIONAL SALES MANAGER

Mitsubishi EDM has appointed Stephen L. Bond as regional
sales manager for their Southeast Technical Center located in
Charlotte, NC. Bond will be responsible for managing four dis-
tributors covering 10 states and Puerto Rico.

“I'm thrilled with the opportunity to work for Mitsubishi
EDM," said Bond. “I feel that my 15 years of experience in sales,
service and installation will allow me to develop strong relation-
ships with future Mitsubishi EDM owners.”

GLEASON CORPORATION REPORTS FIRST QUARTER RESULTS

Gleason Corporation (NTSE-GLE) reported an increase in
earnings per share for the first quarter of 1998 1o $0.59. This is
a 14% increase over the first quarter of 1997. Net income
increased 20% to $6.2 million and operating income (earnings
before interest and taxes) increased 32% to $10.6 million over
the same period.

At $95.4 million, first quarter sales were 58% higher than first
quarter 1997, Excluding Pfauter, which the company purchased in
July, 1997, sales were $60.6 million compared to $60.3 million a
year ago.

Order levels for the first quarter totaled $95.8 million com-
pared to $55.4 million in 1997. Orders were split 57% for
machines and 43% for tooling and aftermarket products.
Excluding the Pfauter operations, orders increased 10% over the
first quarter of 1997.
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Product Liability for Engineers

Fundamentals of
Product Liability
Law for Engineers

By Linda K.
Enghagen, J.D.

Industrial Press,
N.Y., N.Y.
Copyright ©1992

ISBN 0-8311-3039-3
160 pp Hardcover

Robert B. Price,
C.Mfg.E.

is @ manufacturing

engineer specializing

in the design of

gears and gear parts at
AutomationsGears*Machinery
in Delanson, NY.
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Robert B. Price, C.Mfg.E.

his textbook, written for college level engi-

T

apply to all types of manufacturers.

The book begins with some basic background
information on the development of product liabil-
ity law and then moves quickly into the two main |
subject areas: theories of liability and strategies
for protection against lawsuits. In general, the
¢ are two of the questions. Who among us would
¢ dare claim to be able to answer those questions in

book is clearly written and understandable in
spite of the need to use a lot of legal phrases and

words. There is a glossary that covers most of the
legal terms used, an appendix listing numerous
statistical facts regarding product liability law- :
suits (dollar amounts and cases by state for :
i oven. When the hinges broke, the owner sued.
¢ Her lawyer claimed that standing on an oven door

instance) and a bibliography for those who might
be inclined to pursue the subject further.

From the viewpoint of a gear manufacturer or,
in my own case, from that of a consulting engi-
neer, the primary focus is on cases that deal with
manufactured products and how their failure :
brought on lawsuits rather than on the failure of a
specific manufactured item such as a single gear,
a series of gears or a gearbox. Nonetheless, the |
basic legal principles apply to the typical gear
manufacturer, particularly a company manufac- |
turing gears that go into someone else’s products.

Much of the text in the first section is verba-
tim quotations from various lawsuits, which are |
used to illustrate the various types of liability |
and the differences between them. For instance,
negligence vs. strict liability; express warranty
vs. implied warranty; the difference in proce-
dures between trial courts and appeals courts.
One very interesting case is that of a table saw
manufacturer sued by someone who cut his hand
because the blade guard had been removed. The :
court ruled that since the particular operation :

could not be performed with the blade guard in
place and since the user knew that a table saw

was inherently a dangerous tool, particularly
with the blade guard removed, the manufacturer :
. tence of the book is good advice for all of us: “Do
The section dealing with how to avoid lawsuits . the right thing for the best of all possible rea-

is useful because it outlines various checklists that |

was not liable for the injury.

neering students, gives a basic grounding
in the complexities of product liability law. :
It also provides useful information to those °
of us involved in the manufacturing of gears and
gear systems in that the fundamental concepts
i to a product liability loss assurance committee,

. can be adopted by a company so that all the prop-

er questions are asked and answered. This estab-
lishes a paper trail showing that the company
adhered to reasonable and appropriate procedures
in manufacturing and marketing a product or com-
ponent of a product. There is also a list pertaining

which purports to set up procedures to prevent a
lawsuit from occurring. Some of the items on the
checklist suffer, however, from having been creat-
ed by a lawyer. For instance, “What is the user
population?” and “What are all possible hazards?”

the absolute? I know of a case in which a manu-
facturer was sued when the owner of an oven
opened the lower door of the oven and stood on it
in order to reach something on a shelf above the

was “a foreseeable use.”

This book would be a good addition to the
library of any conscientious gear manufacturing
engineer. It provides an excellent grounding in
the very complex vagaries of product liability law
and suggests several methodologies to help estab-
lish some company procedures to protect both
individuals and the company from lawsuits,

The author ends the book on a philosophical
note with a discussion regarding ethics. The
author goes on at some length about ethics in gov-
ernment and in the engineering profession. The
author points out that since most engineers do not
have a direct one-on-one relationship to their cus-
tomers as do doctors, accountants and lawyers, the
failure of a manufacturing engineer to “properly”
make a gear does not always result in a direct one-
on-one confrontation. If the gear is part of a lawn-
mower drive train and it keeps failing, users will
be unhappy but not necessarily injured. If the gear
is used to move a control rod drive mechanism
into a nuclear reactor and it fails during an emer-
gency scramming operation, a large number of
people could be injured or killed. What we all do,
in the final analysis, does matter. The last sen-

sons—to feel good about yourself.” $
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This is the first of a
series of articles intro-
ducing the new IS0
6336 gear rating stan-
dard and its methods of
calculation. The opin-
ions expressed herein
are those of the author
as an individual and
not necessarily those
of any organization of
which he is a member.
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Introduction to ISO 6336
What Gear Manufacturers
Need to Know

Don McVittie

ISO 6336 Calculation of Load Capacity of
Spur and Helical Gears was published in 1997
after 50 years of effort by an international com-
mittee of experts whose work spanned three
generations of gear technology development. It
was a difficult compromise between the exist-
ing national standards to get a single standard

(" Fig. 1 — Countrios adopting 150 Standarés. )
* All EC members—required by EC rules

* France

* Germany

» United Kingdom

* Benelux
« “Eastern Bloc"—required by national laws

\- Japan

/ﬁ;a—mm
= pressure angle

B = helix angle

€ = contact ratio

a = center distance

b = face width

z = number of teeth

u = gear ratio

s/
™

Fig. 2b — New symbols.

K = General influence factor

Z = Pitting influence factor

Y = Bending influence factor

H = Subscript related to pitting

F = Subscript related to bending

¥ = Subscript for combined, axial + transverse

Fig. 2c — New symbols.

Ky, = Face load distribution factor for pitting
g, = Transverse contact ratio

g = Face contact (overlap ratio)

eraTml contact ratio

& 4
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published which will be the basis for future
work. Many of the compromises added compli-
cation to the 1987 edition of DIN 3990, which
was the basic document.

What does this new standard mean to gear
manufacturers around the world? How will it
affect your gear-related business? The answers
may depend—at least initially—on where you do
business and where your customers do business.

ISO is a quasi-voluntary organization with
indirect government support. While it doesn’t
have authority like the U.N,, it is the result of an
international agreement to support a combined
effort by the world’s national standards bodies to
achieve a set of unified international technical
standards. Those national standards organiza-
tions pay the administrative costs of 1SO through
annual dues and royalties on publications.

Most nations have a national standards
administrative organization that receives most
of its funding from the national budget and
forms the national position with regards to tech-
nical standards, The U.S. is different in that the
American National Standards Institute (ANSI)
is supported without government funding by its
publication revenues and the dues of its member
companies and individuals. It is independently
governed by its own volunteer board of direc-
tors, representing the members!. ANSI has
appointed AGMA to represent it to [SO
Technical Committee 60 (TC60) for gears.

Another difference between the U.S. and the
rest of the world is the mechanism by which
national standards are adopted. In most coun-
tries, if an I1SO standard is adopted, the law
requires that it be used as a national standard.
This is particularly true in developing nations
that don't have the resources to develop a vari-
ety of national standards but want the quality
protection of producing, buying and selling a
product to an agreed standard.




In most of the major gear making nations, a
national gear rating standard already exists,
Will these standards be replaced by 1SO 63367

The member countries of the European
Economic Community (EEC) have adopted a sys-
tem of Euronorms to standardize products within
the EEC. The EEC rules suggest that ISO stan-
dards, if they exist, should be adopted as
Euronorms. It may take a few years to translate
and apply, but ISO 6336 is almost certain to be the
Euronorm for gear capacity calculation (Fig. 1).

At the same time, the Japanese Standards
Institute (JSI) is actively translating the 1SO
gear standards for adoption in Japan.

That leaves the U.S. as the largest gear mak-
ing nation with no plans to adopt ISO 6336 in
the near future. That seems strange, but the rea-
son is in the ANSI standards approval process,
which requires a national consensus ballot, with
75% approval, to adopt a proposed national
standard. Under the present ANSI rules, the
U.S. gear community would have to abandon
the ANSIV/AGMA 2001 standard—which is
proven and most are happy with—to adopt 1SO
6336. There is not a 75% majority agreement to
do that today.

So what should you do as a gear specifier,
gear user or gear maker? The answer depends
on your place in the market.

If you are an importer or exporter of gears or
gear products, you'll have to look to the market
for guidance. The end user usually decides
which standards will be used in his application,
but that decision is greatly affected by the
availability of product. If the end user is
offered two products, made to two different
standards, how will she choose? One would
hope that an informed user would make an
intelligent decision based on the merits of the
case. That won't happen unless someone who
knows both standards helps by making compar-
isons, since few end users have the resources to
do it themselves.

If you are a gear manufacturer using gear
inspection equipment to qualify your product to
a customer’s requirements, you'll have to look
to your customer for guidance. As the new ISO
1328 quality standard is used on newer draw-
ings, you'll have to get new software for your
inspection machines as a minimum. (See the
article in May/June 1998 by R.E. Smith for
more information on 1SO 1328.)

If you specify gears for your own products or
the products of others, you'll have to learn the
ISO gear rating system sooner or later. You
won't necessarily adopt it without a lot of

———— ——— — T {————— —— ———— T — -
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* AGMA dynamic factor K,
* Includes effect of pitch error
« Does not include effect of gear inertias
* Does not include effect of tooth stiffness
* Not load dependent
*1S0 dynamic factor K,
* No influence of pitch error
* Includes tooth stiffness and gear inertias
* Load dependent

Fig. 3b — New Meanings.
* AGMA face load distribution factor C,
» Not load dependent
* Analytical method withdrawn
+1S0 face load distribution factor K,,
* Load dependent

Fig. 3c — New Meanings.
* Application factor K,

= Similar to AGMA, except definition
\_

« Analytical method required for Methods B & C :
IS0 has separate factors for bending and transverse load distribution

.-

R .

RN
i
iy 13

Jin

i

* Uses same values as AGMA
thought about its suitability for your task and
the reliability of the results, but in order to
make intelligent choices and deal with the ques-
tions of customers and end users regarding
“which standard,” you'll have to know what is
required of each system.
Where Do I Begin?

It sounds like a big task, but it's fairly simple
if we begin by looking at the fundamental dif-
ferences and similarities between ISO 6336 and
AGMA 2001, One of the best ways to learn the
new system is to recalculate some of the gears
you know well by the new system. I recommend
that you begin by getting a good software pack-
age to calculate gear capacities by 1SO 6336,
AGMA is offering a good program for ISO cal-
culation written by a volunteer committee of its
members.?

The ISO standards use S1 dimensions. If you
are still uncomfortable with that, the AGMA pro-
gram allows input in inch-pound units as an alter-
native, translating into SI for internal calculation
with output in either system or both.

In addition to obtaining the software, you will
probably want to become familiar with some of
the conceptual differences between the standards.

First we'll have to learn some new symbols
and some new meanings for familiar symbols
(Figs 2a-2c). In general, the 1ISO symbols are
highly organized, with only one meaning for

Don McVittie
is one of Gear Technology's
technical editors. He is pres-
ident of Gear Engineers,
Inc., Seattle, WA and a for-
mer president of AGMA.
McVittie is a licensed pro-
fessional engineer in the
state of Washington and has
been involved with gear
standards development for
more than 25 years.
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« Order of calculation is important, because the influence factors are load
dependent

* K, with the force FK,

* Ky with the force FK,K,

* Ky, with the force FK,K Kyg

J
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» IS0 6336 general standard, similar in scope to AGMA 2001
* Part 1 — Definitions and common factors

* Part 2 — Pitting capacity

* Part 2 — Bending capacity

* Part § — Materials and allowable stresses
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AGMA is responsible for distribution of 1SO standards related to gears. The 1ISO
6336 standard comes packaged with the AGMA/ISO 6336 software for $995.

The software comes with a manual that explains how to use IS0 6336 and
guides the user through the more than 80 inputs required to calculate using
the standard’s method B.

Contact:

The American Gear Manufacturers Association
501 King Street, Suite 201

Alexandria, VA 22314

Phone (703) 684-0211 » Fax (703) 684-0242

Additional information may be obtained at the AGMA and ISO Web sites:
www.agma.org

4

each major symbol or subscript. There are
inconsistencies, however, and it will be worth
your while to check meanings in the symbols
table of the standard to be sure. AGMA publish-
es many useful editorial documents to help you

find your way. I particularly recommend !

AGMA 900 F96 Style Manual for the
Preparation of Standards, Information Sheets
and Editorial Manuals as a starting point.

Here are some examples of new meanings:
Both ISO 6336 and AGMA use an application

factor to account for variable loading. a dynam- !

ic factor to account for the dynamic loads due to
gear inaccuracy and a load distribution factor to
account for the unequal distribution of load
across the face width of the teeth (Figs. 3a-3c).

Since the ISO dynamic factor and the load
distribution factors are load dependent, it is not
possible to directly calculate the capacity of the
gear set unless you know the load, which
depends on those factors. ISO 6336 calculates a

safety factor at a given load, based on allowable
GEAR TECHNOLOGY
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stress divided by applied stress rather than rated
load or power. If you need to know the rated
power at a given safety factor, it is necessary to
iterate with variable load until the required safe-
ty factor is achieved. It’s really best to have a
good computer program to shorten the calcula-
tion time. The load dependency of the influence
factors requires that they be applied in the cor-
rect order (Fig. 4).

Three basic rating methods are recognized,
in order of decreasing accuracy:

* Method A—Full-scale testing or a verified,
detailed mathematical model. This recognizes
the validity of the development programs typi-
cal of the aircraft and vehicle industries, but no
standard methods are specified.

* Method B—A detailed calculation method,
standardized to allow comparison of a design to
test or field data from similar designs. This is
the core of the standard and the method pro-
grammed by the AGMA committee.

* Method C—Simplified methods which are
sufficiently accurate for a restricted field of use or
a narrow range of geometrical configurations,

The ISO standard is divided into four parts,
covering common factors, pitting resistance,
bending resistance and gear materials (Fig. 5).
The general theory is very similar to AGMA
2001, using fundamental Hertzian surface stress
for pitting and a simplified cantilever beam
with stress concentration factors for bending, so
you will be able to follow the general principles
without trouble. The differences come in the
greater detail of the ISO analysis, which require
more design data, e.g. blank geometry, lubricant
viscosity and tooth finish values as input infor-

i mation. We'll cover those topics in upcoming

issues as we go through the sections of the stan-
dard in detail. §

Next issue: Details of ISO 6336-1, General influ-
ence factors, Application Factor, Dynamic Factor,

i Load Distribution Factor and tooth stiffness.
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Effects of Planetary Gear Ratio

on Mean Service Life

M. Savage, K. L. Rubadeux & H. H. Coe

Nomenclature

Variables

a — gear addendum (mm, in) and bearing life adjustment factor
C — dynamic capacity (kN, Ibs)

E — elastic modulus (MPa, psi)

f — face width (mm, in)

F — load (kN, Ibs)

K, — stress concentration factor

I —life (106 cycles and hours)

n — gear ratio relative to the arm, number of planets
n, — actual transmission gear ratio

N — number of gear teeth

P, — diametral pitch (1.0/inch)

R — gear radius (mm, in) and reliability

¥ — Lewis Form Factor

¢ — pressure angle (degrees, radians)

v — Poisson’s Ratio

p — radius of curvature (mm, in)

o — bending stress (Pa, psi)

0y — Hertzian contact stress (Pa, psi)

® — angular velocity, speed (rpm)

@, — bearing load cycle speed (rpm)

Z — central angle between two adjacent planet center lines

with the input shaft center (radians)

Subscripts Superscripts

av — mean b — Weibull slope exponent

d — dynamic p — load-life exponent

0 — output

pl — planet

r —ring gear
S — sun gear
1 — pinion

2 — gear

10 — 90% reliability
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Abstract

Planetary gear transmissions are compact,
high-power speed reducers that use parallel load
paths. The range of possible reduction ratios is
bounded from below and above by limits on the
relative size of the planet gears. For a single-
plane transmission, the planet gear has no size at
a ratio of two. As the ratio increases, so does the
size of the planets relative to the size of the sun
and ring. Which ratio is best for a planetary
reduction can be resolved by studying a series of
optimal designs. In this series, each design is
obtained by maximizing the service life for a
planetary transmission with a fixed size, gear
ratio, input speed, power and materials. The plan-
etary gear reduction service life is modeled as a
function of the two-parameter Weibull distributed
service lives of the bearings and gears in the
reduction. Planet bearing life strongly influences
the optimal reduction lives, which point to an
optimal planetary reduction ratio in the neighbor-
hood of four to five.

Introduction

Planetary gear transmissions offer the user a
moderate gear reduction with a high power densi-
ty. By carrying multiple planet gears on a rotating
arm, load sharing is enabled among the planets,
The symmetrical placement of the planets about
the input sun gear provides radial load cancella-
tion on the bearings that support the input sun and
the output arm (Refs. 4 & 6). The fixed internal
ring gear support also has no net radial load. With
near-equal load sharing in medium-to-fine pitch
gearing, a compact reduction results. Planetary
reductions are often found in transportation
power transmissions due to this weight and volu-
metric efficiency (Refs, 4 & 8).

Much of the published design literature for
planetary gearing focuses on the kinematic pro-
portioning of the unit to achieve one or more
reductions through the use of clutches and brakes
(Refs. 7 & 18).




Recent literature on planetary gears has
focused on the dynamic loads in the transmission
with measurements of load sharing and load vari-
ations in specific units (Refs. 3, 5, 8 & 10).
Monitoring the dynamic loads in a planetary
transmission has also been proposed as one
method of determining the need for preventive
maintenance in the transmission (Ref. 2).

While the reduction of dynamic loads in a
planetary transmission is an important task, these
studies do not indicate which ratio is best suited
for a planetary transmission. Studies of rotating
power in planetary transmissions have indicated
that as the ratio is increased, the percent of rotat-
ing power in the unit decreases (Ref. 6). This sug-
gests that the best ratio for a planetary reduction
is the highest possible, which is reached with the
largest planet gears. Addendum interference
between the planets determines this limit,
However, when one considers the size of a plane-
tary reduction required to transmit a given power
level at a given input speed, the loading on the
gears and bearings in the reduction become an
important factor, as do the component lives under
load (Refs. 11 & 15).

Since aircraft and automotive transmissions
can see service in excess of their nominal design
lives, periodic maintenance is provided through-
out their lives (Refs. 2 & 12). The service life of
a transmission between maintenances is a design
variable that one would like to maximize for a
given size and power.

Programs have been written to optimize trans-
missions for service life (Refs. 9, 13 & 14). The
service life of the transmission is modeled as a
function of the service lives of the components that
have a two-parameter Weibull distribution. The
critical components for this calculation are the
bearings and the gears in the transmission. A mean
life of the transmission is determined from the
mean lives of the critical components under load.

In this article, the influence of speed reduction :
i ratio is the ratio of the speeds of the input and

magnitude on the service life of a planetary gear
reduction is investigated for reductions with sim-
ilar components. An optimal gear reduction for a
planetary gear set is sought considering the size
and capacities of the components. For a fixed
power level and transmission size, the life is
charted versus the reduction ratios for a fixed
input speed and three, four and five planets.
Planetary Constraints

In comparing the lives of similar transmis-
sions, one needs to specify the conditions of
similarity. The planetary gear reductions consid-
ered in this work are single-plane reductions
with input sun gears, fixed ring gears and multi-

Ring Gear
Planet Bearing
Planet Gear
Arm

Sun Gear

1)

uJ

Fig. 1 — Single-plane planetary transmission.

ple planet gears. The planet gears are placed
symmetrically about the concentric input and
output shafts as shown in Fig. 1. Each planet of
a reduction is connected to the output arm
through a single ball bearing at its center. Since
the input sun gear and fixed ring gear mesh with
all the planet gears, a single diametral pitch or
module is used for all gears in a reduction, as is
a single face width.

No bearings are included on the input or out-
put shaft since the internal loads in the planetary
transmission are balanced on these shafts due to
the symmetric placement of the planets. Bearings
are needed on these shafts, but their placement
and loading are based on external considerations.

All transmissions carry the same power and
have the same outside diameter, which provides a
radial ring thickness outside the ring gear teeth of
1.5 times the tooth height,

In this comparison, the input speed and torque
are fixed as the ratio is varied. For each design,
the planetary system life is maximized subject to
the above constraints in addition to constraints on
the stresses in the gear teeth and on assembly
clearances. The parameters that define each
design are the number of teeth on the sun gear, N,
the face width of the gears, f, and the diametral
pitch of the gears, P

Kinematics
In a planetary gear train, the planetary gear

output shafts, To determine this ratio, one first
needs to calculate the gear ratio of each gear
mesh in terms of the number of teeth on each
gear. The gear ratio of the sun gear mesh with
the arm fixed is

B )
and the gear ratio of the ring gear mesh with the
arm fixed is

N
2
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where the overall transmission gear ratio relative
to the arm is

n=nen, (3)
and the speed of the output arm relative to the
fixed ring is

,

W, =— 4)
* A-n (

So the planetary gear ratio is

n=1-n (5)
And the speed of each planet gear is
=0, () = 0, (——2) (6)
pl— s ﬂl(l—-ﬂ) e 3 fens /

The planet bearing load cycle speed is the speed
of the planet with respect to the arm:

n

@, = Oy (——)

ﬂ'—ﬂl

0

For each transmission studied, the planetary
gear ratio, n, is fixed, and the number of teeth on
the sun gear is an independent design parameter.
Values that maximize the service life for a given
transmission size are found for the number of
teeth on the sun gear, the gear face width and the
diametral pitch. This requires the number of teeth
on the ring gear, N, and on each planet gear, Npl'
to be found in terms of n, and N,.

The number of teeth on the ring gear is related
to the number of teeth on the sun by the gear ratio
relative to the arm, since the planets become
idlers in this inversion.

N, ==nN =(n,~1)N, (8)
Since the diameter of the ring gear is equal to the
diameter of the sun gear plus twice the diameter
of the planet gear, the number of teeth on each
planet gear can be calculated by

_ (n,~I-I)N, _ (n,-2)N,

e 9
Pl 2 2 2 &)

To keep the number of planet teeth positive, the
transmission gear ratio, n,, must have a value
greater than 2. At 2, the planet gears have no size,
and the planetary reduction ceases 10 exist.

To prevent interference among gear teeth of
adjacent planet gears, sufficient circumferential

clearance must be provided. Requiring that the
distance between the axes of two adjacent planets
be greater than the outside diameter of the planet
gear by twice the tooth addendum will accom-
plish this:

2-(R,+Rw)-sin(_z’i-pz-mp,n-a) (10)

where I is the central angle between two adjacent
planet center lines and a is the addendum of the
planet gears,

One additional constraint is needed to allow
the planets to be positioned symmetrically around
the sun gear. The sum of the number of teeth on
the sun and on the ring divided by the number of
planets must produce an integer.

N, +N,
—_—=] (11)
"o
Tooth Strength

The AGMA model for gear tooth bending uses
the Lewis form factor and a stress concentration
factor 1o determine the stress in the tooth for a
load at the highest point of single tooth contact
(Ref. 1). The bending stress model is

o F,*P;*K f

fE
where F; is the tangential dynamic load on the
tooth, K is the stress concentration factor and Y is
the Lewis form factor based on the geometry of
the tooth. Since the Lewis form factor is a func-
tion of the tooth shape, it is dependent on the
number of teeth on the gear, as is the stress con-
centration factor.

Large localized stresses occur in the fillets of
gear teeth due to the change in the cross section
of the tooth. Although the maximum stress is
located closer to the root circle than predicted by
Lewis' parabola, the distance between the two
locations of maximum stress is relatively small,
and the stress concentration factor accurately
compares the maximum stress in the tooth to the
Lewis stress (Ref. 1). This method of rapid calcu-
lation of bending stress for external gear teeth is
extended to include the bending stress in the
internal gear teeth of the ring gear (Ref. 17).

In addition to bending stresses, surface contact
stresses can contribute to gear tooth failure. The
Hertzian pressure model closely predicts these
contact pressures:

(12)

PP

2 2

- gy it

Fy

SITE A N2 (13)




where ¢ is the normal pressure angle of the gear
mesh, p, and p, are the radii of curvature of the
pinion and gear tooth surface at the point of con-
tact, v, and v, are the Poisson ratios and £, and
E, are the moduli of the material elasticity for the
two gears.

Contact pressure near the pitch point leads to
gear tooth pitting, which limits the life of the
gear tooth. Gear tip scoring is another type of
failure that is affected by the contact pressure at
the gear tooth tip. One model for gear tip scoring
includes the pressure times velocity factor, where
the sliding velocity at the gear tip is tangent to
the tooth surfaces.

Service Life

Surface pitting due to fatigue is the basis for
the life model for the bearings, gears and trans-
mission. Fatigue due to this mode of failure has
no endurance limit, but has a service life
described by a straight line on the log stress ver-
sus log cycle S-N curve. This life-to-load rela-
tionship can be written for a specific load, F, at
which the 90% reliability life is /,, and which is
related to the component dynamic capacity, C, as:

C
Lo=al y (14)
10 F

Here the component dynamic capacity, C, is

defined as the load that produces a life of one mil- :
lion cycles with a reliability of 90%, and a is the ;
life adjustment factor. The power, p, is the load-life ;

exponent, which is determined experimentally.
Complementing this load-life relationship is
the two-parameter Weibull distribution for the
scatter in life. In this distribution, the reliability,
R, is related to the life, /, as:
1 I

)= La(

Yoty TR
- s (19

10

Ln(

A meaningful estimation of service time is the
mean time between overhauls. The mean life for
a two-parameter Weibull distribution can be
expressed in terms of the gamma function, I, as:

1
1jp* 10°+ T(1 + ——)
I =

av

(16)

)k
m'mo'lm(m')lb

including the conversion from million cycles to
hours, where @ is the output speed in rpm.

If the repairs are component repairs, rather
than full replacements, then the mean life
between overhauls is based directly on the mean
lives of the individual components. In this case,
the transmission repair rate, which is the recipro-
cal of the mean life, is the sum of the individual

Table 1 — Planetary Design Inequality Constraints

Constraint Value Unit Tipe
Bending stress: sun-planet 40,000,000 psi upper
Full load Hertz stress: sun-planet 180,000.000 psi upper
Gear tip Hertz pressure: sun-planet 180,000,000 psi upper
PV factor of sun-planet teeth 50.000 10° psi-f/min upper
Flash temp of sun-planet teeth 200,000 deg. F upper
Sun involute interference 0.001 radians lower
Sun face width to diameter 0.750 ratio upper
Bending stress: planet-ring 40,000.000 psi upper
Full load Henz stress: planet-ring 180,000,000 psi upper
Gear tip Hertz pressure: planet-ring 180,000.000 psi upper
PV factor of planet-ring teeth 50.000 10° psi-ft/min upper
Flash temp of planet-ring teeth 200.000 deg. F upper
Involute interference: planet-ring 0,001 radians lower
Planet circumference clearance 0.100 in lower
Bearing diameter 0.400 in lower
Diameter of ring gear 12.000 in upper
Volume of transmission 1,000,000 in? upper

component repair rates. Thus, the transmission
mean service life is estimated as the reciprocal of
the repair rate:

/i (17)

l

ani

Planetary Designs
In considering the effects of the gear ratio on
the mean transmission life, the input speed and
power were held constant. The input speed was

¢ 2,000 rpm for all transmissions, which carried a

power of 51 hp with a fixed input torque of 1,600
Ib-in. Each transmission has a maximum ring
gear outside diameter of 12", The sun gear mesh
and the ring gear mesh both had a normal pres-
sure angle of 20° and the same diametral pitch.
All gears were made of high strength steel with a
surface material strength of 220 ksi. The Hertzian
contact pressure was limited to less than 180 psi,
and the tooth bending stresses were limited to less
than 40 ksi. These limits include a total load
design factor of 1.5 to adjust the nominal stress
calculations of Eqs. 12 and 13 to code levels. The
PV factor was limited to less than 50 million psi-
ft/min, and the gear tooth flash temperature was
limited to less than 200°F. The Weibull slope of
the sun gear, the three planet gears and the ring
gear was 2.5. The load-life factor of all five gears
was 8.93. The planet bearings were 300 series,
single-row ball bearings, with a Weibull slope of
1.1, a load-life factor of 3.0 and a life adjustment
factor of 6,
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Planet | Ratio Tooth Face | Pitch | Life | Pitch | Life
Numbers Width
n, N, Na N, f Py (8 Py L
in in! hrs in”! hrs

3.0 60 30 120 1.0 11 1040 | 10.68 | 1320
s 48 36 120 1.0 11 2430 10.7 3000
4.0 45 45 135 1.25 12 4720 | 11.95 | 4870
4.5 40 50 140 1.5 13 3880 124 5500
5.0 36 54 144 1.5 13 4940 12.7 5870
55 36 63 162 1.5 15 4300 | 142 | 6230
6.0 30 60 150 1.5 14 3600 13.2 5590
6.5 24 54 132 1.5 12 3740 | 11.68 | 4560
7.0 24 60 144 1.3 13 3870 12.7 4600
15 24 66 156 1.5 14 3900 13.7 4580
8.0 24 72 168 1.5 15 3810 14.7 4450
3.0 60 30 120 1.0 11 1850 | 10.68 | 2340
e § 40 30 100 1.0 10 1640 9.02 | 3680
4.0 40 40 120 1.25 11 5880 10.7 7240
4.5 40 50 140 1.5 13 6900 | 12.35 | 10100
50 36 54 144 1.5 13 8780 | 12.68 | 10560
30 60 30 120 1.0 11 2890 | 10.68 | 3660
as 40 30 100 1.0 10 2570 905 | 5600
4.0 40 40 120 1.25 11 9180 1.7 11300

GEAR TECHNOLOGY

Table 1I lists the obtained designs with the
numbers of teeth on the sun, planet and ring
gears, the gear face width and the diametral pitch
for each ratio. These teeth numbers are discrete
values that produce the required planetary ratio
and allow symmetric placement of the planets for
radial load cancellation. After the diametral pitch,
the mean service life of the transmission is listed
for component replacement at repair. This life
corresponds to the integer diametral pitch listed
before it. It also corresponds to a somewhat
smaller transmission as dictated by the integer
pitch. The last two columns show larger lives,
which vary more continuously, and the fractional

—————— — T — T —— — — f— — —_— _— W — — T — T — i — T — - - —— — _— _— A — — —

diametral pitch required to obtain these lives by
allowing the transmission to have the full 12" out-
side ring diameter. The table includes blocks of
data for three-, four- and five-planet designs.

Even higher lives would be possible with fine
pitch gearing, since the outside diameter limit
includes the ring gear dedendum and the rim
height outside the ring gear pitch diameter. Both
distances are proportional to the tooth height.
However, the diametral pitch is limited to 16 or
less to maintain overload tooth bending strength,

The results show that as the gear ratio was
increased, the size of the sun gear decreased, and
the size of the planet gears increases. Figs. 24
show planetary transmission designs for speed
reduction ratios of three, five and seven.

The effect of the gear ratio on the mean life of
the transmission is plotted in Fig. 5. For the inte-
ger diametral pitch designs with three planets, the
mean service life, plotted as a series of crosses,
increased from 1,040 hours for a gear ratio of
three to 4,940 hours for a gear ratio of five, and
then decreased to 3,600 hours for a gear ratio of
six, with a final life of 3,810 hours for a gear ratio
of eight. Higher lives that varied more continu-
ously were available with uneven pitches and are
plotted as a life limit line above the found design
lives. This line corresponds to the primed pitches
and lives of Table II and is also jagged due to the
discrete nature of the numbers of teeth.

Similar data are plotted with circles for integer
pitch designs with four planets and with squares
for designs with five planets. For the four-planet
designs, the integer pitch design lives ranged
from 1.850 hours for a gear ratio of three to a
maximum of 8,780 hours for a gear ratio of five.
And for the five-planet designs, the mean service
lives varied from 2,890 hours for a gear ratio of
three to 9,180 hours for a gear ratio of four.
Similar life limit designs are plotted above these
points for designs with the full 12" outside diam-
eter and non-integer diametral pitches.

At low planetary ratios, the planet and planet
bearing sizes were small. At a ratio of three, the
smallest bearings for the optimal designs were
selected, causing the low life designs for each
number of planets. As the planetary ratio was
increased, the size of the planets and the planet
bearings increased, which increased the life of the
transmissions. With more planets to share the
load, the four- and five-planet designs had greater
lives than the three-planet designs. However, cir-
cumferential planet interference limited the five-
planet designs to a maximum ratio of four and the
four-planet designs to a maximum ratio of five.
At ratios above 5.5, the life of the three-planet




designs dropped due to the increase in the output
torque. Once again, the lower transmission life
was attributable to lower planet bearing life. At a
gear ratio of eight, the pitch diameter of the sun
gear had decreased to 1.6" with a face width of
1.5". Larger ratios would have decreased this
length-to-diameter ratio even further and would
have increased the bending stress in the sun gear
teeth above the 21 ksi present in the eight-to-one
gear ratio design. So the table and graph were cut
off at this gear ratio even though designs are pos-
sible at higher ratios with three planets.
Conclusions

The effect of the gear ratio on the life of the
transmission was examined. Of interest is the
possibility of an optimal planetary gear reduction
from a life standpoint. In this study the overall
size of the transmission was held constant, its
strengths were maintained and the ratio was var-
ied for the three-, four- and five-planet arrange-
ments. Each optimal design was defined by the
number of teeth on the sun gear, the gear face
width and the diametral pitch of the gears. For the
comparison, the transmission input speed and
power were held constant. The results show that
as the gear ratio increased, the size of the sun gear
decreased, and the size of the planet gears
increased. At a ratio of three, the planet bearings
were reduced in size relative to the transmission
sufficiently to limit the transmission life. Five-
planet designs had a maximum ratio of four with
no planet interference, and four-planet designs
could be obtained with ratios up to five. Above
five and a half, the lives of the three planet
designs fell off due to the higher output torques.
The optimal design exists for a transmission with
a gear ratio of approximately four to five. O
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source for computerized Manufacturing Process Control performance and durability of the larger
analytical and functional Systems offer full four-axis flexibility and  systems, but in a compact size that's
gaging systems unsurpassed accuracy. Certification to perfect for high production parts up to
001mm traceable to NIST and probe 10” in diameter.
* GearNet™ server automatically resolution to .00002mm. You get
shares data for SPC, remote - greater productivity, too, with up

analysis and archiving,

* Simple, familiar interface ideal for
manufacturing cell operators.

¢ Unmatched software selection,
including bevel gear machine
correction package.

* Pentium® based technology.

* Complete training and applications
support with every system,

to 20% faster throughput and
capacities to 95” in diameter.




GRS-2 Double-Flank Gear Roller
System combines proven performance
with easy-to-use PC compatible software

to make inspection accurate and simple.

Total composite, tooth-to-tooth and
runout tests determine if parts conform
to specification. Computer analysis lets
users specify AGMA or DIN standards,
then determine the class of gear
achieved.
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Dimensions Over Pins Gage measures Other M&M Precision Systems

actual tooth thickness at the pitch inspection products:
diameter. A unique constant-pressure * Master Gears
gaging head assures repeatability and * Spline Gages

accuracy over the full range of the gaging * Variable Spline Indicators
system—while greater throughput allows Fixture Gages

you 1o inspect more EE e Arbors

parts and reduce
production costs.

Free brochure Call 937/859-8273
or fax 937/859-4452.

PRECISION
SYSTEMS
CORPORATION

“THE METROLOGY & MOTION PEOPLE"®
COME VISIT US AT IMTS BOOTH #B1-7149 CIRCLE 140
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1999 GEAR INDUSTRY BUYERS GUIDE FREE LISTING FORM

If you provide a product or service to the gear industry, list your company in Gear Technology's annual Buyers Guide.
This guide is designed to be the definitive directory of products and services for the gear industry. It will be mailed out
to 14,000 of your potential customers with the November/December 1998 issue.

BUYERS GUIDE FORM

Company Name

THE BEST NEWS IS THAT LISTINGS ARE ABSOLUTELY FREE.

Division Name

2 Broaching Machines

J Burnishing Machines

J Chamfering Machines
J Cutting Tool Sharpening Machines
J Deburring Machines

- EDM Machines

1 Gear Grinding Machines
J Heat Treating Equipment
1 Hobbing Machines

- Honing Machines

J Inspection Machines

J Keyseating Machines

- Lapping Machines

o Measuring Machines

2 Milling Machines

< Shaping Machines

- Shaving Machines
 Spline Rolling Machines
- Testing Machines

J Turning Machines

- Worm Milling Machines
o Other

EDUCATION & TRAINING

- We are a college/university
J We provide a gear school

) We are a research institution
- We are a trade association

NEW MACHINERY/EQUIPMENT
DISTRIBUTOR FOR

<) Bevel Gear Cutting Tools

J Broaching Tools

- Chamfering Tools

J Deburring Tools

(J EDM Tooling & Supplies

J Gages & Measuring Instruments
 Grinding Wheels

J Hobs

d Keyseat Cutters

< Lapping Compounds

2 Lubricants/Coolants

J Master Gears

J Shaper Cutters

1 Shaving Cutters

J Worm Milling Cutters

- Other

GEAR MATERIALS YOU SELL
J Cast Iron

J Gear Blanks

[ Plastics

J Powdered Metals

1 Steels
O Other

GEARS YOU MANUFACTURE & SELL
J Gearboxes, Speed Reducers
& Enclosed Drives
J Gear Couplings
1 Gear Motors
< Gears—Bevel (Straight)

{Company Name)

J Gears—Face

Street Address P.0. Box

City State Zip/Postal Code Country

Phone Fax

E-mail Web Site Address:

PRODUCTS OR SERVICES YOU SELL SOFTWARE YOU SELL J Gears—Helical

Make selections from the list shown, ) Gear Design 1 Gears—Herringbone

Indicate any products or services you sell (3 Gear Inspection J Gears—Hypoid

that we have overlooked in the blanks 3 Shop Management J Gears—Non-Circular

marked “Other.” J Software—Custom - Gears—Plastic Injection Molded
< Other 2 Gears—Powder Metal

NEW GEAR MACHINES J Gears—Segment

YOU MANUFACTURE GEAR TOOLING &  Gears—Spiral Bevel

- Bevel Gear Generating Machines ACCESSORIES YOU SELL A Gears—Spur

J Gears—Worm

J Racks

- Ratchets

4 Serrations

J Splines

iJ Sprockets

J Timing Pulleys

J Worms

- Other =2

GEAR SERVICES YOU SELL
- Broaching Services

- Consulting

J Cryogenics

2 Cutting Tool Sharpening
1 Fault Analysis

J Gear Coatings

- Gear Design

(1 Gear Engineering

(J Gear Grinding Services
(J Heat Treating

J Inspection

(J Shot Peening

J Tool Coating

2 Other

FIXTURING & WORKHOLDING YOU SELL
- Arbors

3 Chucks

< Modular Fixtures

2 Toolholders

J Other

SIGN & RETURN

Signature

Type or print name of person completing form.

Title

Date

Return this form to our office by Augu

st 1, 1998,

- We're interested in display advertising in the Buyers Guide. Please send us media information.

FAX (847) 437-6618 or mail fo:

Gear Technology Buyers Guide * P.0. Box 1426 * Elk Grove Village, IL 60009




Plastic: The Not-So-
Alternative Technology

“We're taking over,” says Art Milano.

It's a bold statement from the engineering
manager of Seitz Corporation, one of the largest
manufacturers of injection molded plastic gears,
but Milano has reason for his optimism. Plastic
gears are big business—probably bigger than
most gear industry “insiders” realize.

Although estimates vary, the number of injec-
tion molded plastic gears manufactured in the
United States each year probably numbers in the
billions. Some people we talked to even suggest-
ed that plastic gears outnumber metal gears.

When you consider that a modern automobile
incorporates up to 50 motorized devices—wind-
shield wipers, seat adjusters, automatic windows,
etc.—and that most of these devices use plastic
gears, it becomes easy to see how the plastic gear
industry has grown. When you consider some of
the other industries that use a lot of plastic
gears—computer printers, VCRs, home appli-
ances, automated teller machines—numbers in
the billions seem downright realistic.

So if you still manufacture gears the old-fash-
ioned way—by cutting chips out of metal—
should you be worried? Probably not, says Irving
P. Laskin, an independent consultant who special-
izes in plastic and metal gear design. Plastic gears
have found a niche in small, low-power gear
trains, and while their use has become ubiquitous
in certain applications, still others require the
ultra high precision, load carrying ability or tem-
perature resistance of machined metal.

In fact. although it's tempting for plastic and
metal shops to view each other as competitors,
some traditional metal-cutting machine shops
have benefited from the increase in plastic gear
business. Very often, these shops are called upon
to make the molds or to make prototype gears out
of metal because the turnaround time is generally
much faster, says Laskin. Also, most injection
molders don't have the knowledge or equipment
to make metal parts themselves.

William R. Stott

e

Lexmark implemented several
spiral bevel gears in a recent
printer drivetrain to increase
the contact ratio and improve
the smoothness of the gear
train. The ever-increasing res-
olution of printers is demand-
ing more and more accurate

gear trains.

Phato ty Charles Coopar

Spiral Bevel Gear

Manufactured by: ABA-PGT, Inc.,
Manchester, CT.

Product: Lexmark printers.
Material: acetal and polyketone.
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Laser Printer Gears

Manufactured By:
GW Plastics, Bethel, VT

Product: Toner cartridge
for Lexmark Optra line

of laser printers

Material Used: Carilon®

polymers from Shell
Chemical

This 40 mm gear is part of the photoconductor drum

assembly used in the toner cartridge for Lexmark's
Optra laser printer. The gear meshes with a mating gear
in the printer itself. Requirements were toughness,
quietness, wear resistance and creep resistance.

“In the past, it would have been unheard of to pro-
duce a 1400 dpi printer,” says Alan B. Conrad, Industrial
and Consumer Business Unit Manager for G.W.
Plastics. "Gears are integral to that kind of technology.”

This part was formerly manufactured out of lubri-
cated acetal, but the Carilon polymer proved to be more
stable (resulting in more consistent quality), more wear
resistant and less expensive than the version of acetal
previously used for this part

Typical of injection molded plastic gears, this part
enabled the designer to combine the gear with other

parts without adding machining operations or assembly.

3
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In addition, there has recently been a lot of
cooperation between the traditional gear commu-
nity and plastic gear manufacturers and material
suppliers. One result of this cooperation is
ANSI/AGMA 1006, Tooth Proportions for Plastic
which along with
ANSI/AGMA 1106, the metric equivalent. in
1997. AGMA's plastic gear committee is now
working on an information sheet for plastic mate-

Gears, was released

rials selection, says consultant Clifford Denny,
committee chairman.

On the other hand, plastic gears were once
unheard of for anything other than toys. “There
was a ume a long time ago when small, fine-
pitch gears were all machined from metal,” says
Laskin. “The plastic gear industry hadn’t devel-
oped yet." But today, plastic gears are in very
serious applications such as medical tools,
Laskin says.

We're beginning to see plastic gears in appli-
cations with higher power and load demands.
Fractional horsepower gearboxes are now com-
monly made out of plastic. Plastic gears capable
of transmitting up to one | hp are achievable
using today’s technology. But plastic gear engi-
neers now have their sights on 5 hp and greater
applications in the not-too-distant future.

Some of the plastic gear manufacturers are
currently working on gear trains in the 1-2 hp
range, although most of them would not comment
on any specifics for this article.

Another area where plastic injection molded
gear manufacturers are looking is bigger parts.
Injection molders have had difficulty creating
parts larger than 2-3" in diameter. With larger
spaces to fill, it becomes difficult to get an even
flow of material into the mold. Traditionally, larg-
er plastic gears have been machined just like
metal gears, says Laskin. But injection molders
continue to look at ways to increase their share of
the market. “I'm entertaining doing an 8-pitch
gear,” says Milano,

The big chemical companies have added their
considerable resources to the push. Ticona has a
dedicated “Gear Team" for educating the industry
about designing and implementing plastic gears,
Ticona's gear team has developed P-GEAR, an
automated gear testing system that collects data
on fatigue life, wear, temperature, stiffness and
other properties for gears molded with different
materials. Similarly, Shell Chemical markets its
Carilon and other lines of polymers specifically
for gear manufacturing.

Better resins mean stronger gears. “The tech-
nology is getting better every year,” says Seitz
Corp.’s Milano. “We're not calling them actua-




Seat Belt Adjuster

Manufactured By:
Epic Components Co.,
New Boston, MI.

Product: AlliedSignal
Safety Restraint
Systems seat

belt height adjuster.

Material Used:
Celcon® M30 acetal
copolymer from Ticona.

The coupled epicyclic gear system in this
transmission is typical of the internal, cluster
and split-power arrangements in today’s plastic
gear drives. Consisting of 14 injection molded
acetal gears, the transmission is 1.4 inches in
diameter and weighs 1.5 oz It transmits 12 oz-in.
of torque from a dc motor

“A system of this type employs a number of
internally- and externally-toothed gears to split
the motion from the motor drive into multiple
power paths, enabling the designer to pack a
lot of gear ratio into a vary small space,” says
Ticona gear specialist Dr. Zan P. Smith. “To do
the job of the SRS transmission with conven-
tional spur gears would require a gear set

around five times larger.”

The plastic worm for this
garage door opener is mount-
ed on a motor shaft and
meshes with the gear to turn
a vertical shaft that drives a
belt or chain to move the
garage door's operating arm
along a track. The double-
lead mesh keeps two sets of
teeth in contact at all times to
distribute the load and mini-
mize friction and backlash,

The gear set replaces a
glass-filled nylon worm and a
steel gear from earlier mod-
els. The gears cost less than
the previous materials, and
the double-lead design elimi-

nates the need for a brake.

Garage Door Opener

Manufactured By: Chamberlain Group, Elmhurst, IL.

Product: Ceiling-mounted garage door opener.

Material Used: DuPont Minlon® 10B40 mineral-reinforced nylon (worm)

and Delrin® 100 acetal resin (worm gear).
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Electric Chainsaw Internal Gear

Manufactured by: Seitz Corporation, Torrington, CT

Product: Pulan Electric Chainsaw

This internal spur gear is a good example of the tendency today to use
plastic for gears that have typically been made out of metal. It is part of a
gear train driven by a 1.068 hp motor at 25,000 rpm. The maximum output
torque is 137 in-lbs,

Seitz Corporation developed this gear using the latest AGMA PT-1 stan-
dardized tooth profile. However, the part required an extensive development
program.

“Our experience told us that this internal spur gear would develop taper
during the molding process,” says Seitz Corp. engineering manager Art
Milano. “A tapered tooth profile generates poor contact ratio, excess noise
and most likely a weak gear. We knew we would develop this internal gear
in phases to determine and compensate for the amount of taper we would
encounter during production.”

Seitz's development program includes three phases, Milano says. Phase
One involves design, material selection and calculation of safety factors,
During Phase Two, the company designs and builds prototypes, adjusting the
mold until the parts measure up. Phase Three involves live testing of the gear

in its application and making any necessary final adjustments to the mold.

tors any more. We're calling them plastic trans-
missions now.”

But increasing the load and power capabilities
of plastic gears are not the only areas where the
technology is improving. Advances in resin tech-
nology and processing controls have allowed
molders to hold tghter and tighter tolerances,
says Alan B. Conrad, Industrial and Consumer
Business Unit Manager for G.W. Plastics, Inc.,
Bethel VT. Injection molders today are capable of
consistently producing gears as high as AGMA
Class 9, Conrad says, and “some are asking for
AGMA 10"

As buyers of plastic gears continue to seek
better, stronger gears, and as manufacturers con-
tinue to aggressively explore new markets for
their products, the plastic gear industry will con-
tinue growing at a rapid rate.

While most experts agree that we aren't likely
to see plastic gears in automotive transmissions
or plastic gears driving lift bridges anytime soon,
the plastics suppliers, who want to sell more
resin, and manufacturers, who want to sell more
parts, are working together to push the envelope
of plastic gear technology, and at least one advo-
cate is hopeful that even some of these high-
power, high-temperature industries might not be
too far out of reach.

“I think we’re going to see more appliance
transmissions, lawnmower transmissions, even
vehicles powered by plastic gears,” says Milano. £

Tell Us What You Think...
If you found this article of interest and/or useful,
please circle 213,

If you would like mare information about ABA-PGT,
Inc., please circle 214,

If you would like more information about DuPont
mtmnmm

If you would like more information about G.W.
Plastics, please circle 216.

If you would like more information about Seitz
Corporation, please circle 217,

Hmwouldl&emurswanmunn about Shell
f mphm circle 218.

If you would like more information about Ticona,
please circle 219.

Industry resources are coming together for a workshop titled TOPTEC: Plastic Gears for Power Applications, Fractional to 5hp, which
is scheduled for August 26-27 in Dayton, Ohio. The event, cosponsored by AGMA and the Society of Automotive Engineers, will feature

presentations on plastic gear applications, design, manufacturing and testing.

This is the first of what is intended to be an annual event. It will include presentations on innovative design concepts, software,
materials selection, inspection and more. There will also be a “Power Gear Symposium” focusing on the future of the industry.

For more information, contact the SAE Dayton section at (412) 772-8524.
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Gears galore!

If you make gears we’ll make your day Look for this icon
at the Gear Generation Pavilion at the show.
at IMTS 98

Only a handful of companies worldwide make the machines that make gears — but what
a handful they are! Come see demonstrations of the newest and best from America, Asia,
and Europe.

They’ll show you hobbing, shaping, shaving, skiving, rolling, grinding, lapping, and
measurement systems.

They’ll show you ways to increase productivity and quality, ways to lower your costs
and ensure your competitiveness as you gear up for the 21st century.

BONUS: The Gear Generation Pavilion is part of the huge IMTS 98, where
you’ll find nine other state-of-the-art technology-dedicated pavilions. Register now
— it’ll be two years before there’s another golden opportunity like this.

T T —

Get this book! 6 ways to get it:

12 pages in full color Phone: 1-800-FAB-IMTS
about the show, R o e Fax: 1-703-749-2743
including details o Fax-on-Demand:

of the 10 product 1-888-268-FAX2
pavilions plus @ E-mail: tigémfgtech.org
hotel, ailine, ZIMTS 98 U.S. Mall at address below
and registration s oo i el Or register on the
information. insicie this bookiet IMPOrtant fMcts about the show Web: www.imts.org

plus travel and hotel Information. and registration forms

International Manufacturing Technology Show ® 7901 Westpark Drive, McLean, VA 22102 USA

CIRCLE 118



mailto:tlg,@mfg:tech.orgl

Now closer than ever...

Shave tools made in

: _
Oak Park, Ml! s,

: 5 SU America, Inc.
For detailed information 8775 Capital Ave. » Oak Park, M| 48237
please contact: Ph: 248/548-7177 Fax: 248/548-4443

COME VISIT US AT IMTS BOOTH #82-6657 SIS USSP .

CIRCLE 107 www,.samputensili. com



mailto:usasu@coocentric.net
http://www.sampliltensili.com
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Exhibitors Prepare for
the Biggest IMTS Ever

It's big. More than 1,400 exhibitors
are expected to display the latest man-
ufacturing technology available.

It's big. Organizers expect atten-
dance to equal the IMTS 9 record of
more than 120,000 visitors.

It's big. Exhibits will take up more
than 1.4 million square feet of space.

So why would anyone in his right
mind want to go to Chicago, fight the
crowds and walk miles and miles
through booth after booth of exhibits?

The answer is quite simple. Nowhere
in the western hemisphere will you find
a more complete collection of the manu-
facturers and suppliers of the latest in
machine tools, cutting tools and services
for industry.

This year's show will feature 10
pavilions focusing on areas of manufac-
turing technology. The pavilions include
Abrasive Machining, EDM, Environ-
mental Safety, Factory Automation, Gear
Generation, Lasers, Metal Cutting,
Metal Forming, Quality Assurance, and
Toofing & Workholding.

In addition, SME will hold its
Manufacturing ‘98 technical confer-
ence in conjunction with the show. The
conference features over 70 one- and
two-day courses and clinics on a vari-
ety of manufacturing topics.

Gear industry suppliers will be well
represented at the show. For the second
time, IMTS will feature a gear genera-
tion pavilion, where most of the gear
machine and cutting tool manufacturers
will have their booths. The following is
a list of some of the booths that might be
of interest to gear manufacturers.

. operations.

Guide to the Booths

A.G. Davis/AA Gage (Booth E1-2332)
will have on display their line of Hydra-
grip hydraulic expansion arbors and
chucks for gear grinding, hobbing, shap-
ing, honing and other manufacturing
operations. They will also show their line
of face gear couplings.

Emuge Corporation (Booth E1-2352)
is a premier manufacturer of quality
workholding and electronic control sys-
tems for gear manufacture. Emuge will
feature a precision clamping product line
that includes arbors, chucks, diaphragm
chucks, spindles, draw bars and machine
operation measuring systems configured
to accomplish a broad range of turning,
grinding. hobbing, milling, drilling, lap-

ping, balancing, inspection and assembly

Emuge's  mechanical,

hydraulic and mechanical/hydraulic sys-

. tems achieve an excellent runout accura-
© cy—typically .00008 to .0002—and are '

renowned for reliability, functionality,

¢ clamping element interchangeability and :

ease of maintenance. Custom application
services are offered. Emuge’s Web site at

www.emugecorp.com outlines details.

Euro-Tech Corporation (Booth El-
2530) will show the Frenco line of gages
devices, Mytec

and workholding

hydraulic expansion arbors and chucks |

and the Euro-Tech Power Block 111 tool-
holder. Frenco’s product range includes

. extremely long-wear go/mo go gages, |

bevel gear testing gages, completely
automatic spline and cluster shaft inspec-

tion systems and a full range of clamping

arbors, chucks and nests for inspection

and machining applications. Mytec rup- |
i ture-proof arbors and chucks are ideally !

suited to precision applications. Mytec

arbors and chucks provide normal

runouts under .00012" for grinding, hob-

. bing, shaving, shaping and inspection of

gears. The Power Block II mounts

i directly to your bench or table 1o make

tool changes easy and risk-free. Vertical
and horizontal axis allows access to the
bottom of the toolholder. Either axis may

i be outfitted with like or different recepta-

cles to accommodate any standard or cus-
tom toolholder tapers, including HSK.

Gleason Pfauter Hurth (Booth Bl-
7150) will exhibit several new products
for gear manufacturing. The new Power

i Dry Cutting process for bevel and hypoid

gears will be demonstrated on the new
Gleason 175HC Power Dry Cutting
machine. The 175HC will demonstrate
face milling and face hobbing on bevel
gears. Gleason will also premier the new
600HTL Hypoid Turbo Lapping machine
for hard finishing bevel and hypoid

i gears. The turbo lapping process (ultra

high speed) is possible due to Gleason

i advances in machine dynamics and com-

pound application technology. Gleason-
Pfauter will exhibit for the first time the
new (16") P400G profile grinder with
integrated gear measuring and integrated
CNC wheel dressing. Gleason-Hurth will

: demonstrate the capabilities of the
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SHOW FACTS

* 1,400+ exhibitors will fill 1.4 million square feet of space.

» Attendance is expected to equal or exceed the record of more than 120,000 set

at IMTS 96.

* Registration and exhibitor information is available online at www.imfs.org or by
calling AMT—The Association for Manufacturing Technology at (800) 828-7469.

* SME's Manufacturing ‘98 technical conference will be held in conjunction with
IMTS. More than 70 technical courses and clinics. Visit www.sme.org or call SME

at (800) 733-4763 for more information.

ZH125 CNC spheric honing machine for :
hard finishing cylindrical gears using an !
The °
machine will be shown with automation.
Gleason and Pfauter will also exhibit, for :
the first time, a new joint engineering and °
manufacturing cooperation in machine
design with a new gear manufacturing :

internal abrasive honing tool.

machine to be unveiled at IMTS.

Gold Star Coatings (Booth E1-2701) -
will feature a variety of thin film coat- :

ings.

H.B. Carbide Co. (Booth E1-2700) is a
manufacturer of carbide pre-forms.

Holroyd (Booth C2-5575) will show, for
the first time anywhere in the world, the

TGI50E thread grinder. This is a ‘sister’

version of the TG350E launched two :
years ago as the first in a planned new
generation of machines. The TG150E has : i
. Liebherr America (Booth B1-7170), -
North American representative of Sigma
Pool partners Klingelnberg, Lorenz and :
Oerlikon, will demonstrate new gear |
machinery. Liebherr will demonstrate |

been specifically designed for grinding :
smaller components, with profiles up to
70 mm wide and less than 300 mm in
diameter (the TG350E has a maximum
350 mm capacity and 110 mm profile :

80 Gean TECHNOLOGY

i ing,
¢ wheels and CBN wheels for the manufac- :
¢ ture of internal and external spur and heli- :
. cal gears, ball screw tracks, worms, com- |
pressor rotors, rotary pistons (root type),
pump spindles (IMO type), pump rotors |
¢ (gerotor type), vane pump rotors, con- |
stant velocity tracks (CVT and the like)
. incremental probes and LVDTS.

will be a range of worm gears, screw :
compressor rotors and other helical prod- |
ucts manufactured by Holroyd's subcon- |
" custom positioning systems.

tract facility.

- Kapp Sales & Service L.P. (Booth B1- |
6981) represents the Kapp and Niles !
product lines of internal and external -
. grinding machines featuring stock divid-
on-board measuring, dressable

and more.

SR T O R L e R e ) I e S A
i high-speed dry hobbing with the new LC
i 82 CNC hobbing machine, which was
. developed for dry cutting with carbide
and cermet tools. The LC 82 has a 3,000-
¢ rpm motor hob head and a 450-rpm table,
permitting cutting speeds up to 2,000
¢ feet/minute. Klingelnberg will demon-
strate the compact Hoefler ZP 260 CNC
. gear inspection center designed for the
shop floor. The ZP 260 takes up less than

16 square feet of floor space, but mea-

. sures workpieces up to 40" diameter and
. 40" between centers. Oerlikon will exhib-
it the C28 bevel gear machine for high-
volume dry machining.

: M&M Precision Systems Corporation
¢ (Booth B1-7149) manufactures CNC gear
manufacturing process control systems
- utilizing 1D, 3D and laser probe technolo-
gies. M&M’s Metrology Systems group
¢ also provides CNC systems for measuring
i threads,
i scroll compressor components and a vari-
. ety of other complex forms. In addition,
M&M supplies a complete line of func-
i tional gaging products including double
width). An important feature of the new :
machine is integrated 3D component pro- |
file measurement with automatic machine :
compensation to all axes. Also on display

turbine blades, helical rotors,

flank roll testers, D.O.P. gages, variable
indicators, master gears and spline gages.
M&M’s Motion Systems group carries a
complete line of linear and rotary compo-
nents and subassemblies and brings
almost 50 years of experience in the
design and manufacture of standard and

Mahr Corporation (Booth D2-4437)
will present metrology products for mea-
suring gears as well as surface texture,
form and length on a variety of parts. The
Extramess 2000 is a new analog/digital
inductive comparator accurate to
.000012". The M1 and M2 are the first of
a new series of surface texture measure-
ment instruments designed for the shop
floor. The Optimar 100 is a new bench-
top calibration system for dial indicators,
dial comparators, dial test indicators,

Mitsubishi Machine Tools (Booth Al-
8242) will demonstrate its line of gear
hobbers, shapers, shavers and grinders.
Mitsubishi’s gear shapers and hobbers
have sophisticated cutting mechanisms
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for high productivity shaping and hob-
bing of gears up to one meter in diameter.

Their gear shavers can handle gears up to :

450 mm diameter.

Mitsui Machine Technology Inc.
(Booth A1-8733) represents lkegai
Corporation with their full line of CNC
machining centers, including gear hob-
bing, boring, milling, turning, grinding
and combination machines. MMT also

line of vertical CNC machining centers.

National Broach (Booth B1-7490) intro-
duces three new gear machines at IMTS

98. The NBV 5-8 is a low-cost broaching :
machine that was specially designed for |
small part broaching applications. The
Red Ring Shavemaster 400 will be on dis-

play to show how you can produce high

quality gears at an efficient cost. In addi-
tion, National Broach will demonstrate °
checking

their CLP-35 CNC gear
machine as well as their complete line of

quality Red Ring brand tools including

broach, shave cutter, hob, hone, roll form
racks and master gears.

Pfauter-Maag Cutting Tools (Booth

B1-7150) is a world leader in the manu- :

facturing of hobs, shaper cutters, shaving

cutters, form cutters, CBN grinding
wheels, thin film coating, bevel gear tools
and heat treat service. Their products are ;

sold throughout the U.S., Mexico,
Canada, Asia, Europe and South America.

Pfauter-Maag features tools made of pre- |
mium high speed steel as well as carbide.

Radyne (Booth C2-5364) will exhibit its

Power Integrated ScanMaster line of solid :
state induction heating systems. The :
ScanMaster incorporates a 250 kW/ |
10kHz IGBT solid state induction power

source and Windows-based PC control.

The scanner drive uses an AC brushless
servo motor, providing some of the fastest
scan speeds with the highest degree of
positioning accuracy in the industry. Also
featured will be the Dual Position Power
Integrated Pop-Up Fixture with its inte-

gral 160 kW/30kHz IGBT solid state
induction power source. This design

incorporates three positions, allowing one

Apex QA Quality Assurance Monitoring
System. Finally, a pre-show press release
suggests that “a few other surprises may
be awaiting you at the Radyne booth.”

Reishaver Corporation (Booth Bl-

: 7164) is demonstrating the RZ820, the °
will show the O-M Lid. line of vertical :
CNC lathes and the Howa Machinery Co.

SEE US AT IMTS BOOTH #A1-8733

IR e

i biggest machine in the Reishauer product
. position to load, a second to heat, and a
third to quench. In addition, Radyne will |
provide a hands-on demonstration of its |

line. It is capable of efficiently grinding
large, heavy duty gears to a very high
quality level. This machine replaces all
previous ZB, RZ701 and RZ80I
machines. The RZ820 has improved soft-
ware for increased productivity and
improved positioning accuracy of the
shift axis, which greatly reduces idle
times. Hydraulic
machine fine balancing of the grinding

tailstock and on-
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wheel are two new features that enhance : petitive machines. As standard the R200 :

throughput.

Richardon (Booth B1-7164) will display

the R200 CNC high production hobbers.
The Richardon machine comes with a
modern 6-axis control coupled with the
mechanical stiffness of all cast iron and
all vee way construction. It has been con-
figured to handle high helical jobs (-45°
to +60°) that are difficult to cut on com-

CNC can be used to mill or hob gears, and
its compact design is intended to please

equipment engineers.

S.L. Munson & Company (Booth B2-
6555) will be displaying products from
Dr. Kaiser Precision Diamond Products
Company and DWII Super Abrasives.

They will display a complete line of :

rotary diamond dressers for all gear dress-

THE

PURDY

CORPORATION

Aerospace

Manufacturing

Technologies

For The 21st
Century

AH-64
Longbow Apache
Attack Helicopter

Main Rotor
Transmission

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

: line

ing applications; a new single- and dou-
ble-side dresser design including an inte-

gral rotary root relieving tool for

Reishauer SPA and Fiissler DSA system

dressing units; wear parts produced with

polycrystalline diamond surfaces lapped
to extremely close tolerances; CNC pro-
filing dressers: and rotary diamond
dressers for plunge form applications.
DWH products include examples of vitri-
fied CBN and vitrified diamond wheels

for precision grinding applications.

: Schunk Inc. (Booth E1-2471) manufac-
i tures and sells a wide range of tooling

including hydraulic chucks,
lathe chucks, chuck
FUNDO-a new hydraulic dowel
and TRIBOS-a revolutionary new

.l\\‘\

pin,

i tool-holding system. Schunk also manu-
i factures grippers for factory automation.

Star Cutter Co. (Booth B1-7182) will
. display EIk Rapids Engineering CNC
: sharpening machines as well as its full

of cutting tools, including hobs,

. milling cutters, pressure coolant & non-

pressure coolant drills & reamers, solid

carbide tooling and PCD tooling.

i SU America (Booth B2-6657) will fea-

ture a CNC gear grinding machine, which

¢ the company says is accurate, flexible and
¢ affordable. It is a form grinder that can

use ceramic and/or conventional grinding
wheels. It can grind internal gears as well
as externals and splines, and it has the lat-
SU’s
entire line of gear cutting tools, including
carbide hobs, will also be on display. ©

est-generation numerical controls.

Tell Us What You Think . . .
ummmmmumm.
useful, please circle 220.



http://www.purdytransmissions.crJm

WE affer more...

¢ Available in steel

e Expansion rates up to
1% of the diameter.

¢ Manual & automatic
actuation.

e Custom designs
available to fit your
requirements.
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Hydraulic ... Mechanical

The advan fdﬁé’f are oovious:
e < 00012" TIR

* Maintenance free totally enclosed system ensures
trouble free operation.

* Workpiece clamping for:

Grinding Sharpening Turning

Milling Inspection Balancing Fixturing
* Standard hardness: 52-54 HRC

* Multiple workpiece clamping.

Hydraulic Expansion Arbors

Now Made in the U.S.A. — Order your free catalog today!

For the World of Precision

See us at IMTS ‘98 BOOTH # E12471

SCHUNK Inc. ® 211 Kitty Hawk Drive ® Morrisville, NC 27560
Tel. (919) 572-2705 » 1-800-772-4865 * Fax (919) 572-2818

LHUNK

W . S C K
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Send Us Your

Success Story,

VE/LL SEND
YOU A PEN)

Have you made valuable
business contacts through

The Gear Industry Home Page
or
The Power Transmission

Home Page?

We're looking for both advertisers and visitors
to our Web sites who have successfully used
the contacts made through our online buyers
guides to buy or sell products.

Each person who sends us a qualified success
story will receive a high-quality, precision
Parker roller-ball pen with our web address
imprinted. All the employees here love ‘em!

If we choose your story for use in our promo-
tional materials, you'll also receive a Gear
Technology shirt, so please include your name,
address, company name and daytime phone
number when you send your success story to:

Randall Publishing, Inc.

P.0. Box 1426

Elk Grove Village, IL 60009
FAX (847) 437-6604
people@geartechnology.com

GEAR TECHNOLOGY

I TECHNICAL CALENDAR G

July 13-17. ASM Principles of Failure Analysis.
Materials Park, OH. This seminar is designed for people new
to failure analysis or those who want a state-of-the-art update.
It is also designed for technicians and those interested in
understanding how knowledge of failure analysis can lead to
better productivity. The areas covered are procedures for
analysis, failure mechanisms and failure in product forms and
components. Also offered Nov. 2-6. For more information
call 440-338-5151.

Aug. 10-14. Heat Treatment of Steel. Materials Park,
OH. This is a comprehensive course that covers practical heat
treating of carbon, alloy, stainless and tool steels. It also cov-
ers atmosphere control, quenching, temperature control and
equipment types. The course is designed for shop floor work-
ers, technicians and engineers. Also offered Nov. 9-13. For
more information call 440-338-5151.

Aug. 24-28. AGMA Hob Sharpening Workshop.
Richard J. Daley College, Chicago, IL. An intermediate-level
hob-sharpening course offering classroom and hands-on
instruction in set-up, grinding and wheel dressing, inspection,
and sharpening of helical flute hobs. For more information or
to register, log on to www.agma.org or call 703-684-0211.

Sept. 9-16. IMTS 98. McCormick Place, Chicago, IL.
Billed as “the largest concentration of the world's newest
manufacturing technology ever seen in America,” IMTS
promises 1.3 million square feet of display space devoted to
machine tools, automation, tooling, controls, computers, soft-
ware, systems and processes, Ten “Shows Within the Show”
will be featured. These are pavilions dedicated to Abrasive
Machining, Sawing & Finishing: EDM; Environmental Safety
& Plant Management; Factory Automation; Gear Generation;
Lasers; Metal Cutting; Metal Forming & Fabrication; Quality
Assurance and Tooling and Workholding Systems.

The Society of Manufacturing Engineers will also hold its
Manufacturing 98 conference in conjunction with the show.
For IMTS information or registration, log on to www.imis.org.
For SME conference information, log on to www.sme.org.

Sept. 14-18. AGMA Training School For Gear
Manufacturing. Richard J. Daley College, Chicago, IL. This
Training School provides five days of classroom and hands-
on training in basic gearing, efficient machine set-up tech-
niques, accurate gear inspection, and gear calculation. To
register or for more information log on to www.agma.org or
call 703-684-0211.

Sept. 21-25. AGMA Advanced Inspection Course.
Richard J. Daley College, Chicago, IL. The advanced gear
inspection and troubleshooting workshop is designed to cover
analytical and functional inspection; set-up, qualifying and
operation of manual lead, involute and spacing checking
machines; and troubleshooting lead and involute errors. For
more information or to register, log on to www.agma.org or
call 703-684-0211.


mailto:people@geartechnology.com
http://www.agma.org
http://www.imls.org.
http://www.sme.org.
http://www.agma.org
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WANTED?

LeCOUNT

EXPANDING MANDRELS

MORE ACCURACY
MORE EXPANSION
MORE VERSATILITY
LONGER LIFE
AND LESS COST?

THE ANSWER FOR 150 YEARS.
LeCOUNT, Inc.

12 Dewitt Dr. = PO Box 950 » White River Jct., VT 05001 U.S.A.
Tel: (800) 642-6713 or (802) 296-2200 = Fax: (B02) 296-6843 E-mail: lecount@sover.net
Website: hitp://www.sover.net/"lecount/  (includes product specifications)
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TRU-VOLUTE"

the first name in gear generating tools

All TRU-VOLUTE gear generating tools are
precision ground to the highest accuracy
If proven reliability and consistent
accuracy are important to you, then request =
TRU-VOLUTE tools for your next job - =
* Proven Durability
» Extensive Stock — All Bore Sizes
* 12 DP and finer
» Available in HSS M42

and Solid Carbide

TiN and TiCN Coatings

Introducing Express Delivery

Li3ussELL,
|£ [oeroOK

& | £ [enperson, Inc.

Phone: 201-670-4220 » Fax: 201-670-4266
2 North Street, Waldwick, New Jersey 07463
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IN YOUR SEARCH
FOR GRINDING
SOLUTIONS

. G rindwers

Look No Further Than The Stars.

Star Cutter Company has been making cutting Star grinders excel at manufacturing and
tools for more than 75 years. During that time sharpening cutting tools and our engineers
we’ve learned a thing or two about grinding are continually exploring new frontiers in
And, we've learned how to build five and Six grinding technology

axis CNC grinders that are among the most

Whether you manufacture or sharpen tools, or
accurate in the world.

have another grinding need, look no further.
Star has a solution

Call Today 616-264-5661 or Fax 616-264-5663

ZIMTS 98 - / sice 1927
Booth B1-7182 : -

Star Cutter Company * Elk Rapids Engineering ] ;
210 Industrial Park Drive * P.O. Box 728 » Elk Rapids. Ml qze STAR CUTTER COMPANY
‘n
L

:
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MANAGEMENT MATTERS

What the Internet Means
To Your Gear Business

Michael Goldstein, Editor-in-Chief

!

ing, confusing, terri-

time keeping up. Cyberspace.

Firewall. Java. E-commerce. !

The list goes on.

It's easy to get over- |
whelmed by the stories we i
hear about the Internet. Web
sites cost a fortune, they say. :
Nobody makes any money
hear. |
Meanwhile, everyone is :
telling you to get connected.
But why? What's it sup- :
posed to do for you and your :

on them, you'll

gear-related business?

While there are no easy
answers, it's becoming more :
and more clear that the time
is now for getting involved
or starting to get involved |
with this medium. The tech-
nology is developing at rock-
et speeds, with innovations |
being announced daily. The
sooner you get involved, the '
sooner you can begin to

learn how to use the Internet
to make you and your com-

pany more effective, produc-
tive and profitable. The :
longer you wait, the steeper :

your learning curve will be.
What IS the Internet?

Simply put, the Internet is
a global network of comput- :

ers that can communicate
with one another. Its has

et's face it. The :
Internet is still, to :
many of us, excit-

infinite potential, and it’s |
expanding rapidly every day.
The two most important parts |
: of the Internet are e-mail and '
fying and frustrating by turns. | the World Wide Web.
The buzzwords change so |
fast that even the most high |
tech companies have a hard : place, if any, on the Internet :
- should be the cat rather than :
the python. A python swal- |

¢ lows its food whole. A cat

company Internet-ready.

The Cat Model: Taking
the First Bite

Before you take

own Internet presence, it
might pay to do some explor-
ing as a visitor, You won’t
have to commit any more |
money than it takes to buy a
computer with a modem and '
an account that gets you
Internet access. The account
can be a generic account
through a local internet ser-
vice provider (ISP) or an :
. account with an online ser- °
: vice such as America Online. |
In either case, this gets you
e-mail, which is the most valu-
- able part of the Internet today.
i Being without e-mail !
' today is like being without a |
fax machine. If you haven't :
had a customer ask you to :
“e-mail the files, the draw-
i ings and the photos,” you

the |
i plunge and establish your

certainly will. Even if you

Internet, integrating e-mail
into your operations, because

i of its efficiency and cost-
I believe your model for :
finding your company's

effectiveness, is a must today.

With e-mail, you can
transfer as much material as
you like, as far as you like,

you're not limited to just text

photos, CAD files, spread-
sheets and more.
Think of all the uses this

—

Fm o T ] T T T T e e ] )T

THE GEAR INDUSTRY HOME PAGE
=

i your business. Are there situ-
never use another part of the :

ations where field service

i technicians could benefit
from seeing manuals or
i drawings immediately deliv-
ered to them by e-mail?
. Could your company benefit
by receiving pictures of a
i broken gear—taken with one
for the cost of a local phone |
. call and a little time. And .
cals its dinner a few mouth- :
fuls at a time, goes away, and
comes back for more. That's !
the way I think most of you !
should be approaching the
challenge of getting your |

of these new digital cam-

i eras—from a field engineer
: in a customer’s plant?

messages. With e-mail, you
can send virtually any kind :
of computer file, including
{ Web is the next step. A net-
work of Web sites on the
i : bigger Internet, the World
i technology could have for °

A World of Information
But e-mail is just the
beginning. The World Wide

Wide Web is a great tool for

RF

Vou wemted S

from te S pFebrury i of Ghar

perpeta pxs o P

The Power Trasmessos

© Fig. 1 — Most Web pages are filled with hyperlinks to other pages.
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AFFORDABLE PRICE . . .
QUALITY ... AVAILABILITY ...

GREAT TAIWAN GEAR DELIVERS

GEAR MANUFACTURERS FROM TAIWAN

Spur, helical, worm, bevel, and herringbone gears.

Fine to coarse pitch gears. Gear head and gear reducer.
Plastic, sintering, nonferrous, alloy and stainless steel.

Skiving and grinding. Skive and crown hobbing after heat treat.

Hob and Shaving Cutter from Luren Precision Co., Ltd.

Hobs: DIN AA, DIN A, TiN, TiICN Coating
Dia. 1.25-10" Max. Length 8" 25-32 DP

Shaving Cutters:
Max Dia. 107 6-28 DP

Great Taiwan Gear Ltd.

115 Bendingwood Circle » Taylors, SC 29687
Tel: 864-322-1266 = Fax: 864-609-5268

E-mail: GreatTaiwanGear@worldnetatt.nm

GREAT TAIWAN GEAR
-
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CAPABILITIES TO MEET
ALL YOUR NEEDS

OOOH CNC

B OEM- Gear Hobbers,
Shapers, Grinders and
Inspection Machines

B Remanufacture /Retrofit/Rebuild
of Your Barber-Colman Machines

B Parts/Service /Repair of Your
Barber-Colman, Bourn & Koch Machinery

DourRN
& HOCIH

macHInNe TooL Co.

2500 Keshwaukes St

Rockford, IL 61104

Phone (B15) 965-4013

Fax (815) 965-0019

E-mail: bourn8koch@worldnet att.net
Web Site: www bourn koch.com
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finding information. Anyone

who's unfamiliar with it

seeing what's out there and

at the amount and variety of
material that's already avail-
able—even on a subject as
limited in scope as gear man-
ufacturing. As you search,

you'll find Web sites belong- :

ing to individuals, businesses,
churches,
government agencies, muse-

you can think of—even a lot
of your competitors.

Each Web site contains
all sorts of information that
the owner hopes will be of
interest to at least part of the
A Web
sound,

Internet audience.
site can contain
graphics, schedules, stock
lists, novels, jokes, pictures,
inventory, places to leave
messages, songs, late-break-
ing news, anything the site
developer can imagine.

libraries, schools, :

Each of these Web sites is

i connected to other Web sites
should spend some time just

through a little piece of pro-

i gramming called a hyper-
finding out how the Internet :
works. You may be amazed :

link, which is usually hidden
behind one or two words on

i your computer screen or
. behind a button or graphic
. image. Clicking on these
i hyperlinks transports you

instantly to another site on
the Internet.

A hyperlink lets you fol-
low your nose in researching

. an idea without being bound
ums, clubs, and anyone else :

by rigid, linear thought pat-

i terns or by the limits of
: geography. It lets you click

on the picture of Gear

. Technology to be transported

right to GT s online version
(Fig. 1). By clicking on the
words “Machines to

Manufacture & Test Gears,”

i you bring up the page that

helps you find new gear-

. making equipment.

Similarly, clicking on the
button labeled “PRODUCT
FINDER" (Fig. 2) will take




you to the powertransmis- :
sion.com page with buyers :
guide listings of types of
power transmission compo- '
nents. Clicking on the word
“gears” will take you direct- : time to look at 19,000 Web
ly to the page that will help :
you find manufacturers of :
different types of gears. :
Each page links to several
others. Sometimes the page :
you link to links back to the
previous one. Sometimes it :
gears” was a link to the pow-
. ertransmission.com page

takes you off in an entirely
different direction.

But all this variety and :
interconnectivity on the

Internet creates a problem.

How do you start to find the :
information you need? The :
Internet has been described
as a giant library where all :
the books have been pulled :
off the shelves and dumped :
on the floor. The solution to (such as AGMA, SME and
all this clutter is a kind of :
the :

1o the topic of their interest.

mega-index called

search engine.

The search engine helps :
you sort through the mess to :
find what you're looking for
been discussing the Internet

by providing a list of hyper-

links based on the criteria :
you provide. There are sev- |
eral engines on the Web, and

they all work more or less

the same—though the results
searches will :
vary widely depending on :

for individual

the engine you use. Excite!, i
AltaVista and Lycos are
three of the major ones. :
Yahoo, one of the biggest
Internet directories, allows :
you to perform searches on
its categories or submit a !
establishing a presence of

search to one of the engines.

But even with a search :
engine, you may find that :
you have thousands of
potential sites to go through :
before finding one you want :
to visit. Recently we typed |
“spiral bevel gears” into the :
: tronic door.

Alia Vista search engine and

MANAGEMENT MATTERS IS

were shocked to find more
than 19,000 hyperlinks to
Web sites that supposedly
relate to this topic (Fig. 3).
Most of you don't have

pages to find a supplier. But
fortunately, as you explore,
you're likely to find more
focused information sources
as well. For example, the
first listing that appeared
when [ typed in “spiral bevel

with more than 75 of the top
spiral bevel gear manufactur-

ers and hyperlinks to their

Web pages (Fig. 4).

The Power Transmission
Home Page™ is just one
example of industrial
resources on the Web. Most

professional organizations

ASME) and research centers
also have Web sites devoted

The Next Bite:
Taking the Plunge
Up to this point, we have

from the point of view of a
visitor, someone just looking
around, using the Internet for
research or entertainment.
But the question remains:
What does all this have to do
with my gear business? Is
having my own Web site
worth the hassle or is it a
giant techno-pig in a poke?

the
Internet and get comfortable
with it as a user, you'll also
begin to see the value of

As you explore

your own. You'll begin to
see how you might be able
to use tools like the search
engines and directories to
harness the power of the
hyperlink and bring poten-
tial customers to your elec-

Where do
| find
Carbide

Shaper

Parker Industries can meet your needs. Designed
and manufactured to your specifications. All popular M
and ASP-PM materials available, with TiN or TICN coat-
ing if required. For a better source of supply or good
technical advice, we make a difference with 33
years of success. We quote in one or two days and
a few hours not unusual.

@ PARIESR

1650 Sycamore Avenue, Bohemia, NY 11716
516-567-1000 » Fax: 516-567-1355

YOUR SINGLE SOURCE FOR GEAR CUTTING TOOLS AND GAGES

CROWN GEAR

CIRCLE 136

Cylkro® face gear
couplings
The revolutionary Cylkro®

technology resulted in the development

of the Cylkro® face gear coupling. The

continuous hobbing process guarantees short
production times, cost price reduction and a precise,

zero-backlash coupling.

Visit our Website at www.crowngear.nl

L1
N

-

-

LA
“/ICROWN GEAR B.V.
Buurserstraat 200 NL-7544 RG Enschede

Call +31-(0)53-4773622 Fax +31-(0)53-4779147

or E-mail sales@crowngear.nl
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in sizes

1* to 8" P.D. Meets MIL-1-45208A. JIT
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Fig. 3 — Typing “spiral bevel gears” into a search engine reveals

19,000 listings.

Hypoid & Spiral Bevel Gears

Flaase choom from the lint below 1o find menufecturers and suppliers of spiral
bervul goars and hypoid gears.

. Musmbe, India CED
Cardens, CA
Aix Osar Iniarcasional, AL
Amarille Gesr Comguoy, ™
ille, AR
ammhw-

Growe, IL

Fig. 4 — Directories provide a more focused alternative.
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One of the main reasons ;
Bl i for having your own Internet
presence is that you can
make available all sorts of
 information about your com- |
. pany and its products and
services, including i

]
|
o s TAMURA. artazaes EAWARAK! st

* Your product literature
(including descriptions

in words and pictures).

* New products.

* Information on a new

service you've just started. |
on geartechnology.com and
. the gear manufacturers them-
selves on powertransmis-
. sion.com) to get involved
¢ with the Internet in order for
them to inexpensively see its
i marketing and sales potential.
By giving our pages away for
. free for six months and not
 charging our advertisers extra
i for any changes to their
pages, a company with no
i Internet experience can get
i online, tinker with its mes-
What's more, this infor-
. mation becomes available 24
hours a day, 365 days a year,
© and it’s accessible from any- :

* Photos of your shop.

* The new gear machines
you just purchased.

* Open manufacturing
time.

* Your distributor list,

* Your employee directory.

* Your plant locations.

* Your business hours,

* Anything else you think
your customers or
potential customers
might want to know
about your business,

where on the globe.
. Another benefit of your
own Internet presence is that
{ it can help project a corpo-
rate image. The shop with
: 10-20 people and the latest
: equipment can differentiate :
itself from a larger shop with
i good, older equipment set up |
for longer runs. '
© The amount of informa- :
tion and services that can be °
- accessed through your Web :
 site, its design and its ease of :
- use all contribute to the
impression you give to cur- |
| rent and potential customers. |
i Looking like the leader in :
your field always makes it
easier to become the leader.

Learn Today While It’s
Still Manageable

gives you a chance to experi-
ment, a chance to learn what
works and what doesn’t and a

chance to clarify your message.
This is part of the philoso-
phy behind the way we set up

i The Gear Industry Home
: Page™ and The Power
. Transmission Home Page™.
We wanted to make it as easy
i as possible for the companies
in our industry (both the sup-

pliers to gear manufacturers

sage and see what works and
what doesn’t.

For example, if your com-
pany is not getting the

responses you hoped for, if

the “wrong” people are con-

Etacling you, maybe it's
because your message isn’t
clear. If you keep getting
i queries for products or ser-

vices you don’t provide, ask
yourself what makes people
think you do provide them.

i What in your message gives

them that idea? It may not be
the Internet that’s the prob-

: lem, but your message.

One of the beauties of a

i Web site is that it’s cheap

and easy to tinker with your

message or even tailor-make

it to a particular audience.
Another value of the

¢ Internet is that it allows your
message to reach potential
: customers you don’t even
i A modest Internet presence
{ now is a great leaming lab. It

know about. Customers
looking for suppliers of




HOLROYD THREAD
CENTERS

accuracy with minimal
opefutof infer tion”

@k Holroyd Thread
Grinding Centers for production
output with minimd

corporate the latest 3D closed
loop deviation @ind correction measurement

probes-to com np Ie! remove the need for off

machi g v
fi ‘can be m in the machine,
ound, measured. and any deviations:
ly orrected before completing
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L up ﬁl'lles, and increase accuracy, and”
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SPIRAL BEVEL GEARS

Spiral & Straight Bevel Gear Manufacturing.
Commercial to aircraft quality gearing.
Spur, helical, splined shafts, internal & external,
shaved & ground gears. Spiral bevel grinding.

Mil-1-45208 » Mil-STD-45662, SPC

g

MIDWEST GEAR k. CONTACT:
& TOOL, INC. CRAIG D. ROSS
26069 Groesbeck Hwy (810) 776-7580

Warren, M| 48089 FAX (810) 776-2322
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BAGIT
INTERNATIONAL
CORPORATION
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GEAR CUTTING TOOLS
DIAMETRAL & MODULE

ON THE SHELF INVENTORY

* HOBS
1DP and finer

« SHAPER CUTTERS
Made to AGMA standard

éPECIAL MADE TO ORDER TOOLS

* HOBS * SHAVING CUTTERS
* SHAPER CUTTERS  « BROACHES
* FORM RELIEVED INVOLUTE MILLING CUTTERS

BARIT INTERNATIONAL CORPORATION
3384 COMMERCIAL AVE.
NORTHBROOK, IL USA 60062-1909

TEL: 847-272-8128 » FAX: 847-272-8210
E-mail: people@barit.com
or visit us at http://www.barit.com
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I MANAGEMENT MATTERS

products and services are |
turning to the Internet to find |

what they need. If you're not

there, they can’t find you.
The Next Bite:
Marketing

Unlike the ball diamond
in Field of Dreams, just
building a Web site doesn't '
mean that people will come |
to it—at least not necessarily :
the people you want—poten-
tial customers. Marketing ;

your presence on the Internel
becomes your next mission.

Some of the obvious ways :

of getting the word out are

putting your Web address in |

your advertising
brochures, on your business
cards and your company let-
terhead—in short, anywhere

your company name appears.

But perhaps the best way :
to get traffic to your Web !

site is to get other Web sites
to hyperlink to

Registering your Web site

with the search engines 1s

one of the best ways to start. :

By doing this, you tell the

search engine to catalog your :
page and all the words on it :

so that when a visitor types
in “spiral bevel gears,” your
page is among the 19,000.
Another popular and
effective way to help direct
people to your Web site is

through the use of some of

the industry-specific Internet

directories mentioned earlier. |
By being among the 75 com- |
panies listed on powertrans- '

mission.com as well as the
19,000 listed by the search
engine, you greatly increase
your chances of being found.
People might not know your
company exists. But they
might be looking for the
products you manufacture or
the services you provide.
The directories usually do
more than just provide hyper-

and :

yours, |

UNLIKE THE BALL

DIAMOND IN

FIELD OF DREAMS,

JUST BUILDING A

WEB SITE DOESN'T

MEAN THAT PEOPLE

WILL COMETO IT.

links. They often do a lot of

. the marketing work for you.

They register with the search
engines, advertise and exhibit
at trade shows. They also
provide content, including
feature articles, industry news
and calendars of events,
intended to attract visitors.

In the beginning, it may
be to your advantage to get
yourself listed in a number
of relevant directories. The
more hyperlinks you have,
the more powerful your Web
site becomes, because not
everyone is going to look for
you in the same place or in
the same way. Some hyper-
links will prove to be more
useful than others. As you
begin to track the effective-
ness of each one in bringing
you the right kind of Web
site visitors, you can rethink
which ones you want to con-
tinue to use.

The cost for listings or
pages in commercial directo-
ries can be anywhere from a
few hundred to several thou-

sand dollars a year. The

: amount, however, is not nec-

essarily a good indicator of



their effectiveness. Unfort-
unately, you won't know
which directories are best

until you experiment a bit. :

The fees are just part of the
cost of learning to market
your company on the Internet.

So Is the Internet Hype

or Reality?

While there is still a lot of
hype about the Internet and
the uncertainty about the role
it will play in the future,
some things about it are
becoming clear:

* The Internet is here to :
¢ left behind. Better to develop

stay. It's not going away. It's

not the 8-track tape deck of :

the 90s. You will have to
take it into account in your
business plans for the com-
ing decades.

* E-mail alone is worth
the price of admission. E-

mail is the next fax machine. :

You don’t need to wait to
find out if this is good idea.
It is!

« If you don't have a Web
site already, you should start
making plans to integrate the
Internet into your future

marketing strategy. If you :

haven't even thought of get-
ting online yet, you are
already falling behind.

» Start the learning curve
today while it"s still early.

Give your employees the !
tools to learn how to begin :

using this new medium to
market your company and to
use it as a tool to find what
you need.

* Remember that the

Internet is fast becoming the

method of choice by which !

more and more young people

get their information, and it :
will figure in the way they |
conduct business, possibly :
even your business. These :
people already use the tech- :

nology and have integrated it
into the way they do research

MANAGEMENT MATTERS INEG——

and communicate. They will

. be the decision makers, the

managers and business own-
ers who will be your cus-
tomers, employees and com-
petitors in a few short years.
Ignoring the Internet is
not going to make it go
away. True, you can proba-
bly do business just as you
have in the past—that is,
without the Internet—quite
well for the next few years.
But sooner or later, you're
going to have to be part of
the Internet revolution or be

your expertise like a cat—in
small bites that leave you
time and money for the rest
of your business—rather than

: like a python, having to

digest a lump of technology
whole while running as fast
as you can to catch up with
everybody else.

¢ The information in this arti-

cle was extracted from a

i speech originally presented
at the AGMA annual meeting
1998 in

held in March
Puerto Rico.

This unique Fissler
HS-100 reciprocat-
ing hard broaching
machine sets itself
apart by having a
high performance
procedure in the
machining of sur-
face hardened inter-
nal profiles. The
process is a pre-
cise and very fast
production method
of removing heat
treat-ment distor-
tion of internal

Fassler

Focusing on
Hard Broaching!

Fassler HS-100
Diamond Broaching Machine

splines, key-ways or polygons. It can also be used as a reclaiming or
salvage procedure that eliminates the need for hand lapping of inter-
nal involute or non-involute profiles.

* Automatic cycle.
* Inexpensive short broach.

Fissler Corporation
11782 N. Maple Road
Germantown, Wi
Phone: 414-255-0695
Fax: 414-255-9676

MACHINE FEATURES AND ADVANTAGES:
* Vertical axis with a short diamond broach.

» High process reliability and quality.
« Simple loading and unloading, manual or automatic available.

CHARACTERISTICS OF DIAMOND BROACHED PROFILES:
» Integrity of dimensional accuracy.

* Increased load carrying capacity.

* Functional assembly maintained.

« Surface finish (texture) of profiles very high.

Fiss

E-Mail: fassler@execpc.com Fax: 011-411-820-3906
Fassler makes good gears better!

Fissler AG

Ringstrasse 20

CH-8600 Diibendorf
Switzerland

Phone: 011-411-821-3745
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Unite-A-Matic

TRUE DIMENSION GEAR INSPECTION

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

Provides vital S.P.C.
information.

T

ML S .

CAPACITY:
Gage Division 9" O.D.

United Tool Supply 8"LD.

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

Fall 'I'echmcul Meeting

October 25-27, 1998
ciﬂ(:in“a“. [""0 the answers o your technical questions.

Learn the latest about:

g lubricants perspectives and solutions from
. international W.

QuUIZ

the experts on critical issues.

NETWORK

with the best minds in the gear industry.

more information, please contact the AGMA Technical Division at (703) 684-02
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PRODUCT NEWS

Welcome to our Product News page. Here we feature new products of interest to the gear and gear products markets.
To get more information on these items, please circle the Reader Service Number shown.

Welduction to Feature Flexscan
Welduction Corporation will feature

its Flexscan induction hardening machine

at this year's IMTS. The Flexscan is a

turnkey induction heat treat machine
capable of handling parts up to 13" long
that comes complete with controls, tool-
ing and start-up and immediate delivery
for under $100,000. It features a built-in
solid state power supply available in 25
kW/30 kHz, 15 kW/200 kHz, 30 kW/200
kHz or 35 kW/10 kHz sizes: standard
Durant controls; quench cooling system
and operator interface with heat poten-
tiometer. The user-friendly keyboard pro-

vides quick set-up, changeover and diag- :

nostics capability. For further information

contact Welduction Corporation at 800-

798-3042, fax-248-442-9353, by e-mail

at weldn@welduction.com or visit their :

Web site at www.welduction.com.
Circle 300

Low PVD Coatings

RME, Inc., will showcase their line :
of low temperature PVD coatings for

power tools and wear parts at IMTS 98,
These thin, hard films protect cutting
edges and reduce wear. Customers ben-

efit from JIT delivery and reduced :
inventories of cutting tools through !

increased wear resistance. For more
information contact RME at 800-875
6697 or by fax at 800-875-6814.

Circle 301

Overbeck New Internal Grindier
The new model 1C-400 will be on exhib-

it at IMTS 98. The new
units with a large support width of pre-

tensioned roller bearings leading to

maximum rigidity. In connection with :

rigid grinding spindles, this permits the

use of CBN and diamond tools. All axis :
drives are equipped with highly dynam- :
ic Siemens Digital servo drives. The :
Overbeck Internal Grinding Machine
Model IR-400 for bore and radius is
based on the Model 1C-400 but in addi- :

tion is equipped with a radius swiveling
plate mounted under the workhead (B-
azis) with a swivel range of 95 degrees

toward the rear and 15 degrees toward

the front, for radius grinding with a !
: cylindrical wheel. For more information :
contact Overbeck at 516-273-3030 or by :

fax at 516-273-3037.
Circle 302

National Broach to Introduce Machines :

National

low-cost broaching machine (NBV 5-8) :
. as well as the latest in CNC gear shaving :
¢ (Shavemaster 400) and gear checking :
(CLP-35) technology at this year's :
IMTS. The NBV 5-8) was designed for :
small-part broaching applications, the :
Shavemaster 400 is designed to produce
the highest quality gears at an economi- :
cal price while the CLP-35 represents :

the latest in quality control technology

. from National Broach. For more infor- :
. mation contact National Broach at 810- :
¢ 263-0100 or by fax at 810-263-4571.

Circle 303

1C-400 1is |
: equipped with newly developed slide :

Waterlink/Sanborn Fluid Recovery

In the area of coolant and oil purifica-

tion, Waterlink/Sanborn Technologies
i will be exhibiting the portable Puritan
System at IMTS 98. The Puritan is one of
i Sanborn's integrated fluid recovery sys-
tems, providing portable recycling of up
i to 1500 GPD of contaminated coolant or
oil. The system achieves single-pass
i purification through an integrated combi-
i nation of filtration, high-speed disc cen-
i trifugation and pasteurization. The sys-

i tem is guaranteed to remove solids to one

micron, tramp oils to less than one quar-
ter of one percent and biological contam-
inants to like-new fluid levels. Along
with the Puritan, the company will also
be demonstrating the Turbo Separator
Model T10-3 coolant clarification sys-
tem. It will remove solids and tramp oil
and is ideal for high solids applications
such as grinding and milling.
Circle 304

Broach will showcase a :

POCO Tech Manual on CD-ROM

Poco Graphite, Inc., a manufacturer of

graphite electrode materials, will be dis-
playing its EDM Technical Manual on
compact disc at IMTS 98. The CD-ROM
allows users to compare expected perfor-
mance data of two grades of Poco
graphite on a selected workmetal using
the same machine setup. Metal removal
rate, end wear, comer wear and surface
finish data is available for each material.
An EDM calculator section computes
duty cycle, metal removal rates, frequen-
cy and wear percentages as well as peak
current for 12 typical geometries via the
manual’s area formula feature. For more
information, contact Poco Graphite at
800-433-5547, by fax at 940-393-8362,
by e-mail at sales@poco.com or on the
Web at www.poco.com.
Circle 305
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Like other Mitsubishi !
FX machines, the FX30 incorporates
exclusive Mitsubishi features that pro- :
vide for superior surface finish and cut-
ting conditions including the Anti- :
Electrolysis Power Supply, the PM2
Corner Master and !
Econo-Cut. For more information con- :
tact Mitsubishi EDM at 630-860-4210

Mitsubishi EDM Adds Larger Wire
Machine to the FX Series

Mitsubishi EDM has introduced a !
new submerged wire EDM machine |
that handles a larger range of workpiece |

sizes and offers flexibility in machining

operations. The FX30 Submerged Wire
EDM handles workpieces weighing up |
to 4,000 pounds and measuring up to

51" x 31.5" x 13.5". The machining

range in the X,Y.Z axes is 29.5" x !

PC-20 CGA®

A Proven Design with Todays'
Technology

i 19.68" x 13.77".

Power Control,

. or by fax at 630-860-2572.
Circle 306

| TURN YOUR
“fanid aan”

AROUND

witH ourR COMPOSITE

GEAR
ANALYZER®

ANALYZED RESULTS:

W TOTAL COMPOSITE VARIATION

¥ MAXIMUM TOOTH 10 TOOTH
COMPOSITE VARIATION

W TEST RADIUS

¥ RUNOUT

vour RED LINER never

TOLD YOU THE COMPLETE STORY
NOW YOU WILL GET EVERY
DETAIL.

ey
/ \c1
PROFILE ENGINEERING INC.
100 River Street
Springfield, VT 05156
802-885-9176
Fax 802-885-6559
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. connections previously

requirements.
i provides three different vertical posi-
¢ tions in which to place the rolling tools
in contact with the workpiece. This fea-

Grob “C” Series Cold Rolling

Three different spline profiles

formed in a single part program is only
one of the unique features of the new
. Grob series “C” cold rolling machines.
Grob has taken advantage of the latest
. synchronizing capabilities in CNC tech-
f nology to eliminate all the mechanical

required to

ensure the rolling tools contacted the
i workpiece at the correct position, This
; savings in machine parts leads to signif-
icant savings in terms of machine cost
i and size. The result is a less expensive
machine that can be packaged as a self-
i contained unit. The machine design also
: eliminates the need for a separate sound
. enclosure, greatly reducing floor space

The additional “Y" axis

: ture allows up to three rolling tools with
different profiles and different numbers
! of splines to be used within a single part
program. For more information contact
. lan Dempster at 810-227-3977.

Circle 307

¢ Send your new product

: releases to:

i Gear Technology

© 1401 Lunt Avenue,

" Elk Grove Village, IL 60007
. Fax: 847-437-6618.

m&mmm e T
If you found this ;
useful, please circle 223.




ADVERTISING SECTION

WEBFINDER MART

Companies listed below offer product information and design assistance on the world wide web.
Reach them through home pages listed below.

BARIT INTERNATIONAL

CORPORATION

From our m.mul.‘n‘lurmg I;iL']!I.!)

or on-the-shell inventory, we
supply top guality tools st com-
petitive prices

Manufacturing Capabilities:
Gear & worm gear hobs; parallel
& involute spline hobs; disc,
deep C-bore & shank type Shaper
cutters; keyway, round, spline,
hexagon, square & special form
broaches; shaving rolls

On Hand Inventory: We stock a
full range of hobs and shaper cut
ters. All hobs and cutters are pre-
cision ground and TiN coated

ARROW GEAR COMPANY

Arrow Gear's Web site features
information on our world-class
precision gear operation. Armow
1s fully equipped for the design
and manufacture of spur and spi-
ral bevel gears up w AGMA
quality 13, and complete aero-
space and commercial gearboxes
The site highlights our history,
capabilities, and integration of
the most advanced technologies,
Our products are used worldwide
by the most demanding manufac-
turers of acrospace and commer-

cial applicatons

RUSSELL, HOLBROOK &

HENDERSON

KAPP TECH/
KAPP SALES & SERVICE

TRU-VOLUTE GEAR TOOLS
Precision gear tools from STOCK
Visit the Russell, Holbrook & Hen-
derson, Inc. home page for a list of
current inventory, request guota-
tion and order our FREE catalog.

CARBIDE HOBS, Shaper
Cutters, Master Gears, Spline
Gages and more. We offer Express
Delivery on specialty items in
Carbide and HSS

To leam more about our products
and services, check out our Web

site

Kapp Sales and Service/Kapp
Tech can serve all your gear and
profile grinding needs under one
roof. In our Boulder, Colorado
facility we offer sales, process
support, and service for both
Kapp and Niles gear and profile
grinding machines, as well as
providing CBN grinding wheel
sales, engineering, manufactur-
ing. and customer service

Please visit our Web site for more
information on the Kapp family

of products and services

www.barit.com

WWW.AITOWgear.com

www.tru-volute.com

www kapp-usa.com

Do you have a requirement for
small gears? Are you interested
in an on-time supplier that will
hold and manage inventory to
your needs? Nissei specializes in
OEM quantities and quickly
develops samples. Resources
include in-house gear engincer-
ing, CNC blanking, CNC gear
cutting, heat treatment, CN(
inspection, FPl and Cpk quality
documentation and compart-
mented packaging for shipping
protection., Please browse our

Web site for more about Nissei,

NISSEI CORP. OF AMERICA

LeCount expanding mandrels are

designed for gripping on the
inside diameter of parts to be
inspected. Once a part is loaded
on the mandrel, the unit is loaded
between centers and you are
ready for inspection. Simple, fast
and accurate! Our mandrels are
distributed throughout Europe,
Japan, South Korea and the
United States. If you are interest-
ed in obtaining a brochure or the
name of a representative in your
area, please visit our Web site for

lurther information

THE POWER
TRANSMISSION

HOME PAGE

Does your company buy gears?

How about actuators, bearings,
belt drives, brakes, clutches, con-
trals, couplings, gear drives,
hydraulic power, linear motion,
motors, sensors or transducers?
The Power Transmission Home

Pagr""

is the most comprehen-
sive online buyers guide for
power transmission components,
with links to hundreds of manu
facturers and distributors. Log on
today to find the parts you
need—FAST!

THE GEAR INDUSTRY

HOME PAGE

Stop by to see the newly re
designed Gear Industry Home
Page™ . Now it's even easier to
find the machinery, cutting tools,
services and information you
need to design, manufacture,
inspect and specify gears. Check
out our frequently updated New
Products, Industry News, Tech-
nical Calendar, Help Wanted and
Q&A sections. Sign up for Gear
Technology online. Browse our
index of articles from past 1ssues
Explore the world of gear manu
facturing from your deskiop

www.sover.net/~lecount

———

www.geartechnology.com

Visit our Web site to learn more
about how Carbon City Products
an operating unit of Metal
Powder Products Company,
designs and manufactures high-
strength P/M components for
transmissions, engines, compres-
sors and hydraulic applications.
CCP specializes in gears, includ-
ing spur, helical, bevel, and other
types. Also, cams, sprockets,
brake assemblies and pressure-
sealed parts. From our Web site,
you can sign up for Free PIM
Design Seminars

CARBON CITY PRODUCTS

ENGINEERED

HEAT TREAT, INC.

Founded in 1959, we provide heat
realing services to the aircraft,
automotive, construction, military
and tooling industries. Parts
1"~130" are processed in salt
baths, computer controlled en-
dothermic atmosphere and vacu-
um furnaces. Quality approved by
NADCAP, MIL-6875 and AMS
2750. Processes include Carbur-
izing, Hardening, Martempering,
Normalizing, Nitriding, Vacuum,
Carbonitrid-ing. Deep Freezing,
Anpealing, Straightening, Temp-
ering, Neutral Salt Baths, Grit
Blasting and complete Lab services

RUSH GEARS INC.

HOME PAGE

Rush Gears Inc. Home Page is

the primary information source
offering emergency breakdown
service for made-to-order gears
At our site you will find informa-
tion on our rush services, gear
gages, metric gears, 8 materials,
and a wide range of gear types
and related twoth products
Request our FREE catalog fea-
turing over 30,000 pre-engi-
neered standard gear designs,
Also, check out our customer and

applications and industries lists

GLOBE GEAR CO.

HOME PAGE

Globe Gear Company Home
Page is the primary information
source offerning emergency
breakdown service for made-to-
order gears. At our site you will
find information on our rush ser
vices, gear gages, metric gears, 8
materials, and a wide range ol
gear types and related tooth prod
ucts. Request our FREE catalog
featuring over 30,000 pre-engy
neered standard gear designs
Also, check out our customer and

applications and industries lists

www.carboncity.com

www.rushgears.com

www.globegear.com
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CLASSIFIEDS

SERVICE

PFAUTER-MAAG
CUTTING TOOLS
LIMITED PARTNERSHIP

PICK UP AND DELIVERY
IN MANY AREAS

PFAUTER-MAAG CUTTING TOOLS
1351 Windsor Road, P.O. Box 2950
Loves Park, IL 61132-2950
Phone (815) 877-8900
Fax (815) 877-0264

GROUND GEARS

M Precision Ground Spur, Helical and
Pump Gears to AGMA Class 15

M The latest grinding technology including:

* Reishauer RZ300E
Electronic Gear Grinders

* Gleason TAG 400 CNC High
Production Gear Grinder

« Cincinnati Milacron CNC
Cylindrical Grinder

B Continuous Process Improvement
Utilizing SPC and Quality Planning

B JIT Delivery using Innovative

Stocking Programs
800-447-2392
Fu m—m—m e

¢ oon : AN, 3
amail Inloﬂn garagearcom

GEAR TOOTH

GRINDING SERVICES

® Cost effective gear tooth grinding
specialists

® Gear manufacturers are our only
customers

® Prototype and production quantities

® Capacityto 27.5°P.D.,350D.P

® Able to match delivery to your
requirements

* All service to AGMA standards with
Certified Gear Inspection Equipment

PRO-GEAR COMPANY, INC.

23 Dick Road Depew, NY 14043
Phone (716) 684-3811
Fax (716) 684-7717

SERVICE

%ﬁr

STAR CUTTER COMPANY

* THIN FILM COATINGS

West Branch Industries
Subsidiary of Star Cutter Co
2083 W. M-55, West Branch, M| 48661
1-888-Resharp » 1-888-737-4277

HOB SHARPENING SHAVING CUTTER ML'ED/,{E”EJQC'}H,E?:;PANY

REGRIND SERVICE
4

FAST TURNAROUND
LOW PRICES
HIGH ACCURACY
PROTOTYPE PROFILE DEVELOPMENT

SU AMERICA, INC.
8775 Capital Ave., Oak Park, MI 48237
Ph: 248/548-7177 Fax: 248/548-4443
E-mail: usasu@concentric.net

ﬁg‘f ’fooné é;{.ﬂ':! dﬂﬂ{_gﬂm_‘iﬂi

Spur and helical gears to 80° 0.D.

Bevel gears to 36" 0.D. and 1 /2 DP.

Internal gears to 36" P.D. and 3 DP.

Worm gears to 48" 0.0. and 2 DP.

Sprockets to 80" 0.D. and 2 /2" pitch.

Spline shafts to 120" long.

Crown shaving to 24" 0.D.

Gear tooth grinding to 24" 0.D. and 2 D.P.

Thread grinding to 14° 0.D. and 40" long.

Internal and external cylindrical grinding.
Call for our brochure

ALSO, CALL US ABOUT Phone 773-287-8742 » Fax 773-287-4720
Phone: (517) 345-2065 » FAX: (517) 345-5660 HOB SHARPENING Chicago, IL
CIRCLE 147 CIRCLE 153 CIRCLE 137

Rates—Line Classified: $35 per line, 8 lines per inch, $270 minimum. Classified
Display (3" min.): 1X—5$620, 3X—8$575, 6X—5%545. Additional per inch: 1X—
$210, 3X—8200, 6X—5$190. Gear Technology will set type to advertiser's layout or
design a classified ad at no extra charge. Payment: Full payment must accompany
classified ads. Send check or Visa/MasterCard/American Express number and expi-
P.O. Box 1426, Elk Grove Village, IL 60009,
Agency Commission: No agency commission on classified ads. Materials

ration date to Gear Technology,

Deadline: Ads must be received by the 20th of the month, two months prior to pub-
lication. Acceptance: Publisher reserves the right to accept or reject classified

advertisements at his discretion.
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TO ADVERTISE
IN THE
CLASSIFIED SECTION

CALL PAT FLAM AT
847-437-6604


http://www.nla.garagear.com.
mailto:emall:lnro@nlagaragear.com
mailto:.usasu@concentric.n.et

SERVICE

GEAR TOOTH GRINDING

Spur  Helical
* Herringbone (with groove)
Capacity up to 63" 0.0.,
1D.P, 16" face

AGMA Certification Inspection
Delivery to Meet Your Requirements

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

Direct your inquiries to
Ron Humphrey, General Manager

CIRCLE 154

HEAT TREATING

Contour Induction
Hardening Specialists

Spur, helical and bevel gears

Our gear hardening equipment
includes 3 NATCO submerged
process machines and 4 AJAX
CNC-controlled gear scanning
machines. We can tool to meet
any production need. Call for a
company brochure.

American Metal Treating Company
1043 East 62nd Street
Cleveland, OH 44103

(216) 431-4492
Fax: (216) 431-1508

CIRCLE 141

HELP WANTED

Sales Coordinator/Associate Trainee —

We need an ambitious self-starter with some
with machines,

their accessories to fill this job.

Plenty of room for advancement.

Friendly work environment at our conveniant
northwest suburban Chicago location. Profit
sharing, health insurance.

PRODUCTS & SERVICES INDEX
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ADDENDUM

The Music of the Gears

t should be obvious by now that : :
(ak.a. Austin, Minnesota—the home of '
Hormel) gave rise to another union of
gears and music, this time in the form of :
the Gear Daddies, a group led by gui-
tarist Martin Zellar. Famous, at least in
und the Minneapolis music scene
i for théir

ek | uced wﬁ’d. count ﬁ' '
and roll unlll in 1
i character Olympia and the way the San

Thcu songs spoke to the unfulfilled
: Thomas Munn, handled her scenes.

gears are more than just mechani-

cal components. We have brought |
you movies with gears and '
Shakespeare with gears, jewelry made !
out of gears and so on. Now we, the !
humble staff at Addendum, are proud to

present gears in the world of music.
“Music?” we hear you cry.

matter, hope to do with gears?

like cymbals?”

past thirty years.

Gears

one reviewer put it,

your love" and “Tales

Ulysses.”

erence came from the album title.

'|u'r1-L£ EAMSWAN OLEUPATIONS .-,-_ni

Ed Wellersby
Assembly line worker who puts the
bugs in new automobiles
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“Sure,
there are gears in a music box, but
beyond that what else could a musician,
or a musically-inclined engineer for that :
Play :
them like drums? Bang them together :
No. Gears form the :
motifs behind some of the most intrigu-
ing music and musical staging in the :
should recognize this lifestyle. In spite

In 1967, the British band Cream :
came out with the album *“Disraeli
" which was their first big step :
toward mega-stardom because they, as
“stopped covering :
American Blues musicians and started :
writing their own psychedelic blues-
based hybrids” including “Sunshine of :
of Brave
While the album was a step '
forward for the band, the only gear ref-
¢ Founded on the notion of doing some-
thing brutal and original, Turning of the
¢ Gears (whose very name implies the
relentlessness of a mechanical grinder)
{ was a quick success in spite of numer-
ous personnel problems (the band lost
their lead singer and two bass players in
i three years),
their second CD.

when you think of gears in music,
. though that seems to be the trend in |

In the mid-1980s, “Spam Town"

and

only three albums to their credit.

dreams of everyone who works, sweats,
and quietly lives a life of unrequited love
and broken dreams in this mechanistic
society. Gear manufacturers everywhere

of their local, and later regional, suc-
cesses, the Gear Daddies couldn’t break
out of the shadow of their harder-edged
peers such as Soul Asylum and the
Replacements.

By 1993 the idea of gears in music ;
had definitely been taken down a rough
road with a new genre in rock called
“Grindcore/Industrial-influnced/Death
Metal." Los Angeles was the center and
Turning of the Gears was the band. :

They have just released

Now, it's not all ugliness and pain |

“industrial rock.” No, gears also appear

© in gentler pieces as well, and the 1997
¢ San Francisco Opera production of Les
Contes D'Hoffman (The Story of !
i Hoffman) by Jacques Offenbach is a
i prime example. i

The story is

simple
Hoffmann is waiting for a lady (Stella)
in a tavern, and while he waits, he enter-
tains the other patrons with stories of

enough.

the three loves of his life: Olympia,
Antonia and Giulietta. These three rep-
resent three aspects o of love: rnmdlc\s-

Addendum readers everyw
Francisco Opera’s Lighting Designer,

Olympia is simply a wind-up
mechanical doll, run on fine gears and
clock-workings, made real to Hoffmann
only when he dons a pair of rose-col-

i ored glasses given to him by one of

Olympia’s makers. When he wears the
glasses, the stage is flooded in pink light
and Olympia is as real as any other
woman in Hoffmann's world. However,
when he removes the glasses the light
becomes harsh and white, and projected
upon the stage and background are the
shadows of huge, moving gears that
never once allow you to forget who and
what Olympia is. This addition of the
gears to Olympia’s already mechanical
movements played a pivotal role in the
success of the first act and is one of the

things audience members walk away
. talking about.

Gears in music. They tinkle out a
sweet melody for us from music boxes,
give personality to bands obsessed with

 the darker side of our industrial, techno-

logical culture, and make the opera a

memorable experience as they help

Hoffmann tell his tale of love never
shared. So what's next? Gears as fine
art and sculpture? You bet! Stay tuned.




Stg;p Fishing for a
Gear Manufacturer

With Forest City Gear
You’ve Landed the

Best Gears Possible!
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Come Visit us to
See a Mini Gear Show

We offer World Class
-Gear Quality - &
« Crown Hobbing for noise reduction Fine and Medium Pitch Gear Job Shop
in the World!

and misalignment compensation.
* Hard Hobbing with carbide hobs

after heat treat as a substitute for

gear grinding.

* CNC hobbing and shaping
alignment programs for varying

teeth and pitches.

* Precision analytical gear
inspection.

* Hob sharpening.

We Welcome Our Competitors 815-623-2168 * Fax 815-623-6620

-

11715 Main Street
P.O. Box 80 * Roscoe, lllinocis 61073-0080 =~ =
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Pfauter-Maag Cutting Tools
now brings you the best
in bevel gear tools

fauter-Maag Cutting
P'ronls now offers

more than just
cylindrical gear-cutting
tools. We are now
responsible for the North
American sales and service
of the fast-growing line of
Gleason bevel gear-cutting
blades and heads. Even
better, many of these
products will be
manufactured at Pfauter-
Maag’s ultra-modern

Gleason

production facility in
Loves Park, IL, helping
raise quality and
responsiveness to
unprecedented new levels.
Bevel gear-cutting
blades and heads are the
latest addition to the

Pfauter-Maag line of
hobs, shaper cutters,
shaving cutters, form
cutters, CBN grinding
wheels, thin film coatings,
heat treat services, and
resharpening services.

Pfauter-Maag Cutting Tools

Limited Partnership

1351 Windsor Road
Loves Park, IL61111 USA
Web Site: http://www.pmct.com

Phone: 815-877-8900
Fax: 815-877-0264
E-Mail: Sales@pmct.com

BOOTH NO. B1-7150
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