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KAPP TECH.
Our CBN grinding technology

is reinventing the wheel.

sers of KAPP and Pfauter applications and materials. And conventional abrasive technology,
l I KAPP gear and profile KAPP TECH engineers work Best of all, these single laver
grinding machines can with each customer to develop the  KAPP CBN wheels are available
now take advantage of remarkable  “right” solution for each application, with short delivery. in a variety of
breakthroughs in grinding whether it's gears, rotors, gerotors,  cost effective cunﬁgural tous for
technology. KAPP CBN plated slots or any special form desired.  everything from small lot sizes to
grinding wheels and wheel sets, Your benefit? Lower cost per work- large production runs.
designed and manulacturedinthe piece, longer wheel life and higher  Cail KAPP TECH today for the
L.S.A., provide the ultimate in quality than possible with any other |atest in CBN grinding technology.
performance and value,
KAPP CBN plated wheels require
no dressing, truing, or bond ” ” p p TEC”
clearing. KAPP CBN plated Aumschins Piaviot R Atchistun Oulhe Al RN Py

technology allows for fine tuning ~ Telephone (303) 447-1130 « Telefax (303) 447-1131
of the CBN grit to specific 2870 Wilderness Place, Boulder, CO 80301 USA




Pfauter-Maag Cutting Tools.
Where the world goes

anufacturers
everywhere need
new cutting tool

technology that can produce
parts faster, more accurately
and less expensively than
ever before. That's why more
companies worldwide turn to
Plauter-Maag Cutting Tools
for the best in gear hobs,
shaper cutters, and form-
relieved milling cutters.
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At Plauter-Maag Cutting
Tools, we have people and
plant resources unavailable
anywhere else in the world.
We can find the absolute
hest tooling approach for
your application and help

for quality.

put it to use more produc-
tively than you might have
believed possible.

So turn to Planter-Maag
Cutting Tools for the best in
gear-cutting tools and form-
relieved milling cutters.

Pfauter-Maag Cutting Tools

Telephone (815) 877-8900 « Fax (815) 877-0264
1351 Windsor Road, P.O. Box 2950, Loves Park, IL 61132-2950
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STAR MILLING CUTTERS ...
FOR LONG-LASTING RELIEF

Star form-relieved milling cutters deliver greater form accuracy and longer
tool life — thus improving your manufacturing quality. The top-quality Star
Cutter line includes single and duplex milling cutters, special form cutters, /
saw blade cutters and shell or shank-type multiple-thread milling cutters. ,ﬁﬂf "
These long-lasting milling cutters are available in o wide range of sizes
and configurations, and can be ordered with or without special Gold Star thin /Wiﬂfwf S Gy
film coatings. PO. Box 376

: . : Forminglon, M 48332.0376
Call, write or fax for more information. BI0/A748200 FAX B10/474.9518
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MICHIGAN AUTOMATIC TURNING INC.
1375 Rickett Rd. » Box 297 = Brighton, Ml 48116
Phone: 810-227-3520 » Fax: 810-227-1014
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Drake GS:H machines handle
» Advanced Heidenhain R & L Head Helix of up to 30"
table encoder for more
consistent tooth spacing

and lead accuracy

The new GS:H™
Series of Drake CNC
Hobbers can raise
your work two or
three grades.

* Part-smart customized
CNC programming

« Precision hobbing of
helical, spur and worm
gears

* You speed set-up and
changeover — no
change gears needed

« Latest GE-Fanuc control
system for menu-driven

repeatability
» Six GS:H™ models handle
workpiece diameters in 6 MANUFACTURiNG
(150 mm) increments from
6 to 36" 4371 North Leavitt Road
Warren, OH 44485
« Linear scale size-control Phone 330-847-7291
available Fax 330-847-6323
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help you set up very

OP 10 OP 20 affordable process
MAG LOADEF measurement & control
MOORE I AUTOMATI ( THRU
| I MOORE windows-based
Fl_.'{_“r' hme fno”l"oi”)g
& = ( system is available for
- - y m-'egrun:ng gaging and

production equipment
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FOR GEAR PROD

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 o 375,000 sq. ft.
manufacturing facility, full engineering
services, plus additional operations
worfdwicg_

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

and software for process control.

MOORE’s Size

Moore is large enough to
fieinells niasor progroms Call Or Fax The Moore Gear

and specialized enough Gaging Experts Now

to assure you personal

aftention. | 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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Our family of
gear machines

shares a name-— and a whole

lot more.

HOBBING SHAVING GRINDING

.

The most complete family of gear cutting machines
share Mitsubishi machine construction, Mitsubishi
software, and common controls. For the fastest
CNC learning curves and the highest quality gears,
contact your Mitsubishi representative today.

MITSUBISHI

ThlS iS o MACHINE TOOLS

MHI Machine Tool U.S.A., Inc.
907 W. Irving Park Road « Itasca, IL 60143-2023

Phone: (708) 860-4222 « FAX: (708) 860-4233
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Earlicr this year, a relative of mine, Sidney Mandell, tragically passed away. 1 had the good
fortune to serve with Sidney on the Board of Directors and the Executive Committee of the
Machinery Dealers National Association (MDNA). Though he started before me, his MDNA
carcer and mine overlapped for about 20 years. As I think back on the many things I learned from
him, one of his favorite phrases keeps coming to mind: “We walk in the footsteps of those who
have gone before us.”

What Sidney meant to convey was a sense of obligation and an appreciation for our prede-
cessors in our jobs, our companies and our industry, Industry standards, codes of ethics and
professionalism, forums for learning and discussion, training and growth that contribute to the
development of our industry are all a result of the work of those who came before us. They
made the necessary sacrifices to make our work easier, more organized and more advanced.
Sidney felt that because we have benefitted from those prior efforts, we have a moral obligation
to continue these endeavors to benefit those who will come after us.

There are plenty of organizations—Ilike MDNA, AGMA and SME—from whom we benefit.
None of them are self-sustaining—they all need voluntary contributions of time, effort and
thought from their memberships. Let's face it—somebody in those organizations
spends hours and days in meetings to develop industry-wide standards or long
hours on telephones and airplanes to make meetings successful and worthwhile,

Somebody puts a lot of effort into contacting legislators to represent our interests
in Congress. And all those “somebodies™ are volunteers from whose work we ben-
efit, whether we've made a contribution to the group or not.

All well and good, but most of us have more than enough to do in our lives
without looking around for more tasks and responsibilities, Our usual response is
something like. “Sure, maybe they made it casier, but what’s in it for me?”

My observation in over 30 years of association and volunteer work is that vol-
unteering is one of those odd paradoxes: It's a case of getting back far more than
you give. The benefits to yourself, vour company and your employer increase by
the amount you put in—as a member, a committee chairman, a board member or
a national officer.

Volunteering is a wonderful school for self-development, a way of learning skills that aren’t
always covered in our engineering and business courses, but still are vital to success in business.

Waorking within associations made up of volunteers hones your people skills, In such organi-
zations, the first lesson is that you can’t order anyone to do anything. If you want a project to suc-
ceed, you have to create the desire and convince others to be involved in the project. You have to
lead. not give orders. What better skill can one cultivate in an era that demands teamwork?
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The answer for your

most demanding

gear applications.

For today’s tighter specs, conventional

gear manufacturing methods just

don't cut it.

Niagara Gear does.

As ground gear specialists, we use

the latest grinding wheel technologies

and all electronic Reishauer gear

grinders to meet even the most

demanding close-tolerance gear

requirements.

Our ground spur and helical gears

give you:

* Over 30% more load capacity than
commercial quality gears

* Higher gear quality—up to AGMA
Class 15 with crowning

¢ Quieter operation

* Uniform tooth profiles

* Less scrap, no hand sorting and
lower cost

More than 80% of our customers are
Fortune 500 companies. Let us quote
on your next gear requirement and
you'll see why.

FAX: (716) 874-9003

941 Military Road « Buffalo, NY 14217
TEL: (716) 874-3131

5 GROUND GEAR
2 SPECIALISTS
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What's News

Sales Up — Gleason sales for 1995
were up 53% to $197 million, according to
a company spokesman. Sales of Gleason's
125GH CNC hobbing machines, used to
produce spur and helical (cylindrical)
gears have been increasing by better than
509 per year since 1992

ISO Qualifiers — Etna Products
Inc., a manufacturer of metalworking
compounds, lubricants and specialty
chemicals in Chagrin Falls, OH, has
achieved ISO 9001 certification . . .
Computational Systems, Inc., a man-
ufacturer of predictive maintenance
products and services for large-scale
facilities, and Multi-Are Inc.’s North-
east Regional Coating Center have
qualified for the ISO 9002 certificate.

Acquisitions — Midbrook Prod-
ucts, Inc., of Jackson MI, has acquired
Advanced Cleaning Systems (ACS), a
former operating unit of Dow Chemical.
Midbrook is a provider of industrial
parts cleaning systems.

Facilities — Eagle Technology &
Manufacturing, Inc. has opened a
38,800 sq. ft. facility in Roseville, M1, to
service the North American automotive
industry. It offers full-service OEM sup-
port for design and production of body
assembly welding, tooling and fixturing
IMT Division has
announced the completion of the expan-

« «» «» Carl Zeiss

sion of its Brighton, MI, location. The
Brighton facility has become the North
American headquarters for sales, applica-
tion development and training for Zeiss
metrology products . .
Industries will be relocating its engi-
neering department and the company’s
marketing and corporate headquarters to

. Abar Ipsen

its existing manufacturing center in
Rockford, IL. A new technology center
for furnace development is also planned.
The consolidation is scheduled to be com-
pleted before the third quarter of 1996.
New Moves — Fiissler AG, a Swiss
manufacturer of hard gear finishing
machinery, has established an American
division in Germantown (Milwaukee),
WI . . . Gosiger Inc., of Dayton, OH,

INDUSTRY NEWS

has become the first full-line U.S. dis-
tributor of die-sinking and wire-cutting

EDM machines made by ONA
Electroerosion, S.A.
Promotions — Keith Liston has

been promoted to international sales
manager and Robert Phillips to vice
president of manufacturing and engi-

neering at Pfauter-Maag Cutting

Tools, L.P. in Loves Park, IL.

same time, Hans Grass has been pro-

Al the

moted to vice president of manufactur-

ing and engineering at American
Plauter, L.P.
Tell Us What You Think...
If you found this article of interest and/or
useful, please circle 200,

New, Quick, Easy, Accurate
Gear and Spline Inspection

... including the industry’s first 1,000-pound capacity
over ball/pin size measurement system.
Heavy Duty Gage-O-Matic™ instrument easily locates and
inspects small or extra large parts weighing up to 1,000 pounds
with accuracy to 0.0001". Standard Gage-O-Matic™ is a
compact, economical configuration for comparable accuracy in
internal/external gear or spline-size inspection. Heavy
Duty Gear Roller is a benchtop functional gear roller for
checking runout deviations, tooth-to-tooth action, nicks.

For specifications call (708) 377-2496 or Fax (708) 377-2546
MANUFACTURED GEAR & GAGE, INC.
P. O. Box 7155, Elgin, IL 60121
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S Innovation...
LS AMS-250-1AL CNC Analytical Gear Tester

Q- -
G The world’s most advanced gear metrology system

The Innovation...
This Premium Grade CNC Gear Tester
incorporates revolutionary design features
which were not possible just a few years
ago. Using the latest technology, our
product design team has built the
most advanced CNC Gear Tester
available in today's market. And
—"% they've made the AMS-250
affordable at the same time! The
combination of advanced technology
and off-the-shelf components makes the
AMS-250 a respected, high-performance,
economical instrument for Gear Metrology.

Advanced Features...

i ™

« Modular no-wear design WinSpect™ Platform ... cisioies ‘

» Aerostatic bearing - provides e are al your
non-contact motion of all [@ E'“EG" service! Our proven technical
axes : _ staff with 175+ years of gear

A powerful and friendly tool! This appli-

* Linear motor drives caﬁgn guides a::q:rer‘sTro.:‘r part setup aeafr technologly eXperience Wik

* Ultra-high resolution - test sequencing to automatically evalu- g ﬂ"g so‘u;:fon’ and ,a:’r:
Linear = 0.01 microns ate gear test results, then quickly pro- more about this remarks
Rotary = 0.045 arc duces an analysis using AGMA, instrument. For prompt
seconds —p» DIN, ISO, or user specified toler- —p assistance, call or FAX our

= WinSpect Platform ances. Combine this with the unri- WinSpect Product Team at:

* Intel® PC electronics valed ﬂex:’ﬂ:'ﬁry of the Microsoft® American Sykes Company

= Advanced test data Windows ™ Operating System and you Solutions for he. Gear BRI
collection, evaluation, have a sl‘mp_fe means for data collec- 1302 Research Park Drive
analysis, and post-process tion, analysis, and post- process man- Beavercreek, OH 45432
management agement of critical gear les! resulls. Tel 513-427-0507 « FAX 513-427-9653

* Available in High-Accuracy & Results never before achievable! Amembetolig
Standard-Accuracy grades CIRCLE 109 on READER SERVICE CARD DE David Brown Group




EDM Specialty Gears

From the Mars Lander to car doors, gears cut with EDM find their niche.

Introduction

tations based on cutter selection and

tion, chatter, surface finish, matenal

hardness, machine rigidity, tooling,

setup and other items.

In this expanded search for improve- :
Discharge
Machining) has been utilized in more :
and more cases. EDM involves very few '
of the above criteria, thereby eliminating
many of the problems associated with :
traditional methods. Granted, EDM can |
create some of its own problems, but on
the whole, it makes design and manufac-

ment, EDM (Electrical

ture of certain applications much simpler :
© Pasadena, CA. :
. Four gears were required within one
component of the Pathfinder Lander
deployment mechanism called the airbag
retraction actuator or ARA. Two of the
gears were produced using a wire-cut
. EDM. This is a machine tool that can cut

almost any conductive material using an
. Fig. 1 — Airbag retraction actuator (ARA) for
. the Mars Pathfinder Lander,

electrode. The wire passes through the |

workpiece as the machine acts like an (el
electric band saw. The wire electrode is |
usually made of various brass alloys and
ranges in sizes from .001-.012" in diam-
eter. For these gears, a brass wire of

than conventional means. This article
will examine a few examples.
The Process

Very briefly, EDM is a machining :
process that removes material by spark
erosion. Using special generators,

pulsed DC or AC current is used to

vaporize and melt conductive material
away instead of mechanically shearing '
a chip, as in conventional machining.
The current is delivered to the work-
piece via an electrode. Depending upon
the application and machine, the elec- :
trode can be a small diameter alloy
wire, as in the case of wire EDM or a '
pre-shaped, solid electrode that is used

in a vertical or “sinker” EDM.

The spark gap of each machine type
must be flushed with a dielectric fluid
which is integral to the EDM process.

E. Bud Guitrau FLALE.,
E & M Engineering

i The wire EDM uses deionized water

The capabilities and limitations of :
manufacturing gears by conventional
means are well-known and thoroughly :
documented. In the search to enhance or
otherwise improve the gear-making :
process, manufacturing methods have
extended beyond chip-cutting—hob-
bing, broaching, shaping, shaving, :
grinding, etc.—and their inherent limi- :

that is regulated within a self-contained,

system. The vertical EDM typically

flash point. Both machines can use
either as a dielectric, but as a rule, wire
machines use DI water, and vertical

The Project

that will retract the protective airbags,

5 enabling other actuators to reorient the

right the vehicle into its “heads up™ posi-

development and design of this complex

electrically charged wire as a cutting

008" diameter was used.

Because the wire electrode must pass
completely through the part or outside !
of it along its periphery, spur gears are
© Fig. 2— Exploded view of the ARA.

an ideal application for wire EDM, but

- gears located against larger shoulders or
- another larger diameter gear on the same
closed-loop filtration and deionization
. tical EDM or “sinker” must be used.
uses a specially engineered dielectric
oil similar to kerosene, but with a high

shaft cannot be wire-cut. For them a ver-

Instead of using a wire electrode, a
vertical EDM uses solid, pre-shaped

. electrodes typically made of copper or a
¢ special graphite refined specifically for
EDM use. These electrodes are made
EDM machines use a light oil engi- !
i neered specifically for EDM use.
speed, feed rates, chip thickness per :
tooth, cutting pressure, cutter deflec- !

with the obverse shape of the desired

- details. For example, a free-standing
. male pinion gear located against a
The first application is a gear assem-
© bly that is part of the drive mechanism
¢ for this project were produced on the
wire EDM using the same tooth geome-
Mars Pathfinder Vehicle after its project-
ed landing on Mars in July of 1997 (see
sidebar). Since the lander may come to !
rest in any position, (upside down, side- !
ways, etc.), this mechanism’s task is to |
- eroding the workpiece and leaving a
tion so it can function properly. The

shoulder would be machined with a
female electrode. The electrodes used

try macro from the actual wire-cut gear
program, providing identical part accu-
racies and matching gear geometry.
During EDM machining, these elec-
trodes are “burned” into the solid blank,

finished gear impression requiring no

. additional processing.
and challenging project is being done by
. the Jet Propulsion Laboratory (JPL) in

MAY/JUNE 1998 11
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The Procedure
The decision to use EDM to cut the
gears was based on several factors:
Workpiece Material—Initially, EDM

was examined because of material prop-

erties. The gear loads will be quite high,

and a tough. high-strength material was :

needed, so a maraging steel was select-
ed. While this is a very tough material,
its tendency to shrink during heat treat-
ing could affect the precise fit and mesh
required for the finished gear assembly.
Further, the final hardness specification
would make any additional machining
needed to correct any deformation cause
by heat treatment very difficult. Using
EDM allows the blank to be prehard-
ened to its final specification and be
machined “in the hard.” eliminating any
further processing.

Process Flexibilin—Using EDM to
manufacture gears allows for quick and
virtually infinite adjustment of sizes
and shapes of gear geometry without

the need for custom hobs, shapers or :

broaches typically used in conventional
gear manufacture. This degree of flexi-
bility is especially important in any
“cut-and-try” process of development.
Product Design—Besides having

the ability to produce special gear

assemblies quickly and economically,
EDM can help steer the actual product

design. Because the weight and size of

components are primary considerations
of space exploration, they must be as

light and compact as possible.
Unfortunately. some parts must be

designed to be stronger and heavier !

than use specifications require merely
to survive the rigors of their own
machining and manufacture.

For example, sections of the part

might be made thicker than necessary or

have bosses added to facilitate tooling
or clamping. The use of EDM on this
part eliminated some of the tooling pro-
visions typically required for holding
the parts during conventional machin-
ing, because there is no physical contact
of a cutter and workpiece. Material is
removed with electricity instead of a
mechanical cutter, eliminating the con-
cerns of cutting pressures, clamping
pressures, surface work-hardening, ete.

Since EDM is a "non-contact sport,”
part design and tooling considerations
can be made without concerns for cut-
ting pressures, setup rigidity, part wall
thickness. etc. Part design can be opti-
mized and manufacturing engineering
can be simplified. This means that
lighter. smaller parts can be made with

more compact designs that help address -

the critical considerations of size and
weight. In this case, a lighter launch and
deployment vehicle will allow the use
of a larger, heavier payload—the reason
for the launch in the first place.

Product Testing—Since the gear :

hubs needed lightening, they were wire-
cut with an internal hex bore which not

There will be no second chance.

ROUGH LANDING

Here's your assignment, should you choose to accept it. Design gears to oper-
ate in a high-torque, low-temperature, dirty environment. They will be dropped
from a vehicle traveling 13,645 mph and from 8,500 km in space. They will strike the
rocky, low-gravity surface of Mars at approximately 50 mph and will bounce as
high as a nine-story building as many as 15 times before coming to rest. The good
news is the mechanisms have to work only once; the bad news is they must work.

Cushioning the landing and righting the lander are the
tasks of the airbag retraction actuators and the lander petal
actuators on the Mars Pathfinder Lander. Once on the \*
ground, the airbags (made of a Kevlar-like material, Vectran, *
which may be ripped and deflated or still intact) have to be *
taken out of the way so the lander’s solar panels can work. < *
The lander itself, a tetrahedron roughly one meter in diame-
ter, may land upside down or on its side and will have to be
righted in order to function. EDM-cut gears are vital to the
successful operation of both of these mechanisms.

12 GEAR TECHNOLOGY
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only removed a significant amount of
mass from the body of the gear hub, but
also made dyno testing easier by allow-
ing a common hex-shaft adapter to be
used on all gears during speed and
torque tests.

After careful analysis. engineers
from the Spacecraft Mechanisms En-
gineering section of JPL concluded that
gears made by EDM would fulfill all
four of these criteria, and they then
moved to contract that part of the pro-
ject to an experienced EDM house.

JPL chose the Maroney Company in
Northridge, CA. Maroney is a precision
prototype EDM and machining facility
with experienced EDM specialists,
state-of-the-art machinery. a proven
track record and the flexibility to shep-
herd through this kind of special project.

The Product

The wire-cut spur gear for the lander
is made from Vascomax C300. has a
917" PD and a face width of 1 inch.
The tooth form is modified and has a
25°% pressure angle (see Figs. 1-2).
Before machining, the blanks were pre-
hardened to have a yield strength
greater than 2000 Mpa (290 ksi). Using
the vertical EDM, the remaining gear
details were completed. Both processes
(wire and sinker) provided gears of
exceptional form and surface.

Extensive testing was done to analyze
tooth form, surface condition and tooth
thickness. For a 48-tooth gear, accura-
cies of the wire-cut parts had an average
variance of only .00028" from a perfect
tooth form. The parts produced on the
vertical EDM have a .00028" taper
across the gear face due to electrode
wear, which resulted in a total average
variance of .0005". These tolerances are
equivalent to an AGMA class 10 gear.

Concerns about recast, the very thin
layer of thermally changed material
remaining on the surface after EDM
cutting, proved largely unwarranted.
Maroney's experience and the use of a
special anti-electrolysis generator with
technology proprietary to Mitsubishi
Electric (Japan) kept the finish and sur-
face integrity well within specifications.

During these tests, it became obvi-
ous that making and testing custom
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gears by conventional means (hobs,
master gears, etc.) would be both time-
consuming and cost-prohibitive. While
the EDM process is not necessarily
applicable to everyday production
gears, it proves invaluable for almost
any experimental, R&D or specialty
gear applications.

As with most experimental products.
gears produced in this manner will cost
more than the standard “off-the-shelf,”
garden-variety, but considering that. in
the case of the lander, a multi-billion dol-
lar investment will be over 140,000 miles
away on another planet, gear failure is not
an option. It simply has to work. Cost
becomes a secondary consideration, with
reliability being the primary concern.
EDM has helped insure that.

Molded Gears

EDM has uses in more down-to-earth
applications as well. A small (approxi-
mately 1" in diameter) helical gear to be
used within the electric window mecha-
nism of an automobile was needed. This
gear needed to be quiet-running, long-
wearing and have a natural lubricity
because it was to operate within the
auto’s door panel and could not be easi-
ly lubricated. For this application, an
engineered nylon was chosen to provide
these characteristics.

If this had been a straight gear or
spline, the mold cavity could have been
machined using a wire EDM, but
because the gear was helical, this
became a CNC EDM application. A heli-
cal gear was machined from copper
(slightly undersized to allow for the
spark) and used as an electrode. The
electrode was held in the spindle of a
Mitsubishi CNC EDM equipped with a
C-axis from System 3R that allows
servo-controlled helical machining.
Accuracies are virtually assured because
the C-axis has a resolution of .001 of one
degree and complements the servo reso-
lutions of 0.1 micron or 0.000004".

Programming was very simple,
requiring only a few lines of code com-
manding the machine head to advance in
the Z-axis while simultaneously rotating
the C-axis, literally screwing the elec-
trode into the workpiece, eroding the

material in front of it. After passing
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Fig. 3 — Stacked spur gears in an EDM.

completely through the mold insert, the
final finish was obtained by using low |

current settings and a small circular

orbit of approximately .0100 per side. :
The final finish required no further pro- :

cessing or polishing.
Manufacturing Engineering

on the part material, the quantity

required and the part tolerances. The

decision to use EDM to machine the

mold cavity was arrived at after evaluat- :

ing the time and expense of convention-

al machining. The following are a few

considerations and observations.
Machining Plastic Gears—Machin-

ing each gear was not an acceptable
avenue because of the large quantity of :
gears required and the reluctance to use !

an expensive metal-cutting machine to
machine plastic parts.

Both the quantity and material
requirements favored the construction
of a plastic-injection mold to inexpen-

machine the mold cavity.
Conventional Cavity Making—The

usual method of machining an internal

helical gear would be broaching or

internal shaping. Both of these methods :

were ruled out for several reasons:

1. Because the part was to be molded,
part shrinkage must be taken into consid-
eration when making the cavity. In this
case, shrinkage was factored at 16%, and
all cavity-making methods must allow for

this. This shrinkage factor precludes the |
use of “off-the-shelf” broaches, increas- :
ing costs and extending deliveries. |

Shaping this detail would require special

expensive proposition even more so.

14 GEAR TECHNOLOCGY

© 2. Helical broaching must be done on :
. special machines capable of twisting the
- broach through the part similar to the way
 rifling in firearms is produced. Shapers :
§ | must rely on expensive guides and cutters
" to produce an internal gear. Both methods

: were deemed too expensive.
. 3. Whether the detail is to be :
. broached or shaped, all conventional
machining of the workpiece must be
done while the material is soft. When
i machining is completed, the insert must
¢ be deburred and polished, and then it
must be heat treated, which can cause :
the cavity insert to shrink, expand or
otherwise move and possibly distort the :
: geometry of the gear.
The decision to mold these gears
instead of machining them was based
© cavities for injection molding because:
1. An inexpensive copper blank can
{ be hobbed and used as an electrode,
Electrodes are made undersized and as
 long as the tooth form and geometry are :
. correct, size and finish are easily con-
trolled by means of orbiting offsets dur-
ing machining,
2. This is a routing job for a C-axis-
equipped CNC EDM, requiring only the |
helical elecirode and a few simple lines i
. of programming code.

Results

3. Parts made on an EDM are typi-

 cally burned “in-the-hard,” eliminating
any post-machining heat treating opera- |
tions and the resulting potential for part
sively mold the production parts rather
than machine them. With this decided,
next came determining the best way to :

movement due to thermal influence.
Short Run Production

tooling up on conventional equipment.

In this example, multiple spur gears :
are produced with a single cut by stack-
ing up the prehardened, blank material :
and wire-cutting them from the solid
(See Fig 3). Internal diameters and key-
ways are typically machined first, then
the gear shape. Since all operations will '
be done in a single setup, perfectly con-
. centric ODs and IDs are guaranteed. :
guides to be made, making an already After programming and setup, an appli-
f cation such as this could run almost

totally untended with very little operator
intervention. A wire EDM machine
equipped with an automatic wire
threader could move from part to part
autonomously and easily complete the
project unattended during a overnight

¢ “lights-out™ shift.

Again, EDM provides time and labor
savings on an otherwise expensive task.
Summary

Obviously, we cannot conclude from
these examples that EDM should
always be used to prototype special
gears, or that it should be used in all
mold-making applications. There is,
however, very strong evidence that

EDM is a viable method for producing
. widely varying gear applications in a
EDM was selected to produce the
. eliminating secondary operations.

timely manner while reducing costs and

The scope of EDM gear use is very
wide, ranging from the Mars Lander, a
low-speed, high-torque application (0.7
rpm @ [00 fi/Ibs), to the frenetic intensi-
ty of sustained, 1000 to 10,000+ rpms of
a race car (see p. 34), to the relatively

mundane task of occasionally raising and

lowering a car window. These signifi-
cantly different uses demonstrate the ver-
satility and reliability of EDM-cut gears,

While EDM will never replace the
traditional manufacturing methods of
gear making, it has proven to be a wor-
thy augmentation and a solution-finding
process that has a valuable and rightful
place in specific areas of gear develop-

i ment and manufacture. £
The last application we will examine
: is one that EDM can address very well;
i the making of replacement or discontin- : kgl
o ceats for terdins of oldnt eonl t Lander Deployment Mechanisms.” Jet
i s 5 i . " i Propulsion Laboratory, Pasadena, CA. 1995.
: These “onesy-twosy" or small lot. short- ! e

run situations sometimes do not warrant |

Reference:
Gillis-Smith, G. R. “Mars Pathfinder
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CUTTING TOOLS

Cutting Tools Now

Carbides, Coatings & Other Hot Stuff

he cutting tool is

basic to gear manu-

facturing. Whether :

it’s a hob, broach,

shaper cutter or EDM wire,
not much gets done without :

it. And the mission of the

tool remains the same as !
always: removing material as

quickly, accurately and cost-

effectively as possible.
Progress in the field tends to

be evolutionary, coming

gradually over time, but

Nancy Bartels

recently, a confluence of
i emerging technologies and :
new customer demands has :

i caused significant changes in :

the machines, the materials

and the coatings that make :

: cutting tools. : the same thing of their cut- :

What Customers
Want Now

Like the Irish writer Oscar f
Wilde, cutting tool customers |
. have simple needs: They
want only the best. They also
. want it faster, cheaper, and |
. general push is toward tools :
. with grinding quality toler- :

A carbide hob ready for finish grinding.

Heat Treating is a crucial step in manufacturing cutting tools.

16 GEAR TECHNOLOGY

¢ with more technical and cus-

tomer support.
They are under pressure

to produce gears of higher :
- and higher quality and, as a

result, they are demanding

: ting tool suppliers. They
: want tools that are more

durable, can cut faster and :

more accurately, but are still

i cost-effective. Ken Brewer, !

Sales Manager for Fette Tool

Systems, suggests that the

ances. He says, “People want
: aerospace quality cutting
' tools without having to pay
i aerospace prices.”
! And everyone wants more
- and better customer service
: and warranties. “Machine :
. customers are demanding :
- longer-than-standard war-
ranties,” says Bill McElroy
. of GMI, distributor of a :
range of gear manufactur- -
. ing machines, tooling and
cutting tools. “And they
. want machines that are idiot-
| proof.” Harvey Yera of :
National Broach concurs.
. “Price is always a factor, but :
. consistent high quality and |
| good, extensive customer |
i support is even more of an :

i issue,” he says.

At Pfauter-Maag Cutting

- Tools, part of a nine-year-long
redevelopment of the old
i Barber Colman facility in
i Loves Park, IL, has included
installation of a new testing
i and analysis center. While the
:: company uses it to check on its

own work, its real purpose is to
provide some of the latest
equipment available to help
customers solve their tool cut-
ting problems. Says Bob
Phillips, vice president of
manufacturing and engineer-
ing “It's not a profit center.
We do it for the customers.
We have to be willing to do
whatever it takes to have the
customer satisfied with his
cutting tool purchase.”
Emerging Technologies

On the machine side, the
latest development is dry
hobbing. First introduced by
Liebherr about two years
ago, it has been greeted with
a mixture of enthusiasm and
skepticism, according to lan
Shearing, vice president of
sales for Liebherr America.

For example, Carl Johnson,
vice president, cutting tools, at
Fellows Corp., cites the
expense of manufacturing,
handling and sharpening car-
bide tooling as a major con-
cerns and calls dry hobbing
an “emerging technology.”
Massimo Denipoti, managing
director of SU America, echoes
this skepticism, pointing out
that it is the machine manufac-
turers who are pushing the
technology and adding, “The
tools are fragile, expensive,
high-maintenance items. Many
people are just trying it out
now. It may be just a fad.”

But while some manufac-
turers are waiting for more
data before deciding about dry
hobbing, the process is appear-
ing in many high-production



[y T T S —.

automotive sector, and major
players in the gear hobbing :

machine market, Liebherr,

Gleason and American Pfau- :

ter, all have machines that
offer dry hobbing capability.

Dry hobbing machines :

share certain characteristics. :

They are rigid and very fast,
have speedy chip removal
and are capable of both wet
and dry hobbing.

According to Jerry Knoy, :

vice president of sales for
Pfauter-Maag, “Most new
machines have dry hobbing
capability. Even if customers
don’t want to use it right
away, they want it there for
the future.”
Bevond Hobbing

Improvements in shaper
cutters will be following more :

or less the same trends as

those in hobbing, according to

Fellows® Carl Johnson. He

sees continuing improvements

in coatings and materials,
including high speed steels,
and more demand for dispos-
able tools. Like hob manufac-
turers, shaper cutter suppliers
will be confronted with a

demand for longer tool life, :

better performance, higher
speeds and more productivity.

observes that improvements
in powder metals will have

Shaper cutter manufacturing.

CUTTING TOOLS

facilities, particularly in the :

an impact on cutting tools.
“They are more homoge-
neous than other steels and
provide a more even grain
structure,” he says, adding, *I

: think we're going lo see less

and less availability of
wrought steel.”

Makers of broaching tools
have to the

meelt same

: demands from customers as

hob manufacturers. In re-

: sponse to customer demands

for longer tool life, quieter
operation and longer times
between sharpening, National
Broach has introduced the

. SPIRALGLIDE broach bar,

which offers continuous

workpiece contact, virtually

: eliminating vibration and

noise. The company says that
the new tool increases broach
life by 400%.

The other goal that broach
manufacturers are aiming
for, but have not yet reached,
is the ability to broach parts
after heat treating instead of
before to increase accuracy.

EDM is another technolo-

: gy to watch. The jury is still

out on how effective it is in
cutting tool applications. Bill
Maples says that his compa-
ny used EDM to cut hobs for

i awhile, but was unhappy
Bill Maples of Star Cutter :

with the results. “We just
couldn't get the accuracy or
tool life we wanted,” he says.

Now we show you
what you can't see.
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PFAUTER-MAAG GOES CELLULAR WITH CARBIDES

arbide as the tool material of choice has undergone a renaissance in the last
E three years, and Pfauter-Maag Cutting Tools has primed itself to be in the

forefront of this change. As part of an overall refurbishing and restructuring
of the old Barber Colman operation it acquired in 1987, the company has installed a
9-machine (a tenth will be added by the time this article appears) carbide cutting
tool cell at its renovated plant in Loves Park, IL.

Because carbide is a hard material already, and no heat treating is required, all
the machines in the cell are grinders of one sort or another. Reineker form grinders
are used for roughing and Reishauers for finishing. Huffman and ITM grinders do
the gashing and threading from solid. Tropei grinders do face and bore grinding,
and a Studer grinder is used for shank grinding. All the machines are less than
three years old.

Lead times for production will depend, of course, on the application, but material
removal time can run to roughly 50 hours with the new machines. (Actual lead
times for carbide tools will run from 8-16 weeks, depending on design and avail-
ability of stack blanks.) The machines can all run unattended, and the cell operates
seven days a week, 24 hours a day.

Flexibility and redundancy are important concepts on the Pfauter-Maag factory
fioor, and the carbide cell is no exception. While every effort is made to keep the
equipment in the cell exclusively for carbide hob production, it does serve as back-
up for the steel cutting equipment. “But the carbide always has first priority,” says
Bob Phillips, vice president of manufacturing and engineering.

The carbide cell was one of the most recent renovations at the Loves Park plant
for a number of reasons. P-M had other, more urgent issues to address first. And
until three years ago, there wasn't sufficient demand for carbide tools to make set-
ting up a separate manufacturing cell worthwhile.

Then in 1994, improved carbide material and coatings, developments in machine
technology, including dry hobbing, and the pressure of environmental concerns
combined to reach critical mass, and the demand curve for carbide cutting tools
began to look like a 90° angle. In 1994, P-M sold 17 carbide hobs. In 1995 it sold 350.
Projections for 1996 run to 50 carbide hob sales a week.

At that point it made sense to have a separate cell. “There were a lot of good
reasons to separate
carbide manufactur-
ing from the other
processes,” says
Phillips. “The charac-
teristics of carbide
are very different
from those of steel;
there are only hard
operations, and the
filtration process is
different. We also
wanted to develop
awareness on the
part of operators that
this was a completely
different process.” O

Afinish grinder in Plauter-Maag's carbide cell.
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. of Parker
Bohemia, NY, calls carbide
. tooling one of the “hot

: Pappafava,

! microns in some

¢ application., Dr

o meeTRORes i L e )

On the other hand, both

¢ Fellows and Pfauter-Maag
¢ successfully use EDM in cer-
¢ tain niche applications. Rack
i cutting tools to AA quality
can be made with EDM, and
¢ National Broach uses EDM
. to make pot broach and blind
¢ spline rings. Pfauter-Maag
has purchased two AGIE-
{ CUT

™

HSS 150 wire EDM

machines to make special

¢ rack and shaper cutters.

The Carbide Connection
Carbide tools go hand in
hand with the new dry hob-
bing machines. Tony Spinks
Industries in

. trends” of the moment.

It wasn't always this way.

: Time was when carbide was

known for its expense, its

brittleness and its general

: unsuitability as a cutting

tool material. But recent

developments in microcar-

i bides and their processing

have closed up the pores in
the material and made it con-
siderably stronger and hard-
er. According to Primo
president of
General Carbide Corp., the
addition of more cobalt to the

i carbide has increased its
: strength, and finer particle

size (down to less than .6

cases)

makes for a harder part. Now

¢ carbides are available with

400,000 psi1 strength, no visi-

: ble porosity and 91 Rockwell

A hardness.
Not A Panacea
While a lot of people are

i jumping on the carbide
¢ tool/dry hobbing bandwagon,

: many are careful to point out

that it’s not good for every
Walter
Eggert, Managing Director

: of the Pfauter Group, says:

“Carbide hobbing is an
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applications, but it isn’t
always the best solution.”

It seems to work best in
high-production applica-

ranges from 12 to 20 DP.

Dry hobbing, which in :
almost all cases uses carbide
requires some :
means for disposing of hot :
chips quickly. In successful
dry hobbing, 70-80% of the :
heat generated needs to be

tooling,

carried away in the chips.

The ability to do this, the cutting tool manufactur-
according to lan Shearing, is :
tinues to improve TiN
i applications. Multi-Arc Inc.
number of starts, the axial :
feed rate and the number of
teeth in the workpiece. If the
combination of these can be
juggled 10 give the necessary
. between the amount of

a function of cutter diameter,
number of cutter gashes,

chip thickness, dry hobbing
will be successful. If not, it's
not an option.

many cases, new machines,

Cutting tools themselves are

For many applications, the
speed steel with the proper
choice than carbide.

Coatings
The third leg of the cut-

ting tool triangle is coatings.
: titanium carbonitride (TiCN)
is to keep the heat generated :
in the cutting operation away : nitride (TiAIN). TiCN is a
good coating choice for
The right coating for the
right application can be the :

The purpose of tool coating

from the material substrate.

difference between a good

I  CUTTING TOOLS

attractive approach in many :

and a bad tool, and cutting

i tool manufacturers take their
coating operations very seri-
ously. Star Cutter is so par-
 ticular about its tool coatings
tions, such as automotive
and hand tools, and in pitch :

that it makes its own to
ensure quality.

Introduced in the early
1980s, titanium nitride (TiN)
is the workhorse of coatings.
It is useful over a broad
spectrum of applications and
offers, conservatively speak-
ing, an increased tool life of
200-300%.

But as with other parts of

ing process, research con-

has been researching the
interaction between surface
preparation and the perfor-
mance of coatings and has
found a direct corollary

improvement provided and
the quality of the prepara-

There are other draw-
backs to carbide hobbing. In
¢ or one that is poorly ground)
with their demand for huge
capital outlays, are required.
: one that is properly prepared,
also very expensive—any-
where from 3-5 times the :
cost of high speed steel
tools, and they require :
sharpening machines that !
use CBN/diamond wheels. :

tion. A badly prepared sur-
face (one with burrs, nicks,

will not be improved by
coating nearly as much as

A result of this research is
Multi-Arc’s new Super TiN
process for recoating hobs. It
is a sequence of stripping the
old coating, pre-coat polish-
ing, an improved, smooth

coating process and post-coat
selection of a good high |
: doubling the tool life of hobs.
coating may be a better
¢ machines have also demand-
ed newer, more efficient

polishing, which results in

But newer materials and

i coatings; hence the appear-

ance in the last 3-4 years of
and titanium aluminum
applications where moderate

heat is generated. It is useful
for machining abrasive or
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four heads and may be used in a wet
grinding configuration.
Contact GMI to see how our versatile
deburring/chamfering machines can
finish the gears you've started. (shown above) for brushing
operations.
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GMI
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P.0. Box 31038

Independence, OH 44131
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Hobs ready for coating.

adhesive materials, or those
that are difficult to machine,
such as aluminum alloy, tool
TiAIN is
the optimum coating for use

steels and Inconel.

with carbide tools. It offers :

much better oxidation resis-
tance than TiN (up to 800°C).
The heat generated during

cutting creates a top layer of

aluminum oxide, a thermal
barrier coating with low heat
transference, which is essen-
tial in dry cutting operations.
The other coating to keep

an eye on is molybdenum :

disulfide (MoS;).

coating for high speed steels :

which first appeared in aero-
space applications.
solid film with a low coeffi-
cient of friction, and it is
removed at a controlled rate,
Work with this material in
Europe suggests that applied
by physical vapor deposition
on top of a TiN or TiAIN
surface, 1t has applications in
hobbing. The material does
not remain on the cutting
edges of the tool, but flows
into the flutes and spaces
between the teeth, where it
promotes chip flow away
from the work.

Where To From Here?

The direction of cutting
tool technology seems fairly
clear: faster speeds, more

exotic materials, and more

This is a |

Itis a :

hand-holding for customers
as they learn to use the new
technology. But some people
suggesi that the implications
of these new developments
are even more far reaching.

lan Shearing speculates that

the faster speeds and feeds of

dry-cutting-capable mach-
ines, which have dropped
price-per-piece costs, may
have effectively put the
brakes on the development of
chipless methods of gear pro-
duction. He goes on to add,
“The speeds in machines are
now approaching direct motor
speeds. If the trend continues,
the days of kinematic drives
may be numbered.” £
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Gear Technology Subject Index—Sept, 1994-Dec, 1995

-

Abrasives
*Gear Grinding Comes of Age.” Plainte, July/Aug, 1995.
“Gear Grinding, 1995." Stott, July/Aug, 1995.

Ausforming
“Mechanical Behavior of Ausrolled Surfaces in Gear
Steels." Queeney, March/April, 1995.

Ausrolling

“Mechanical Behavior of Ausrolled Surfaces in Gear
Steels.” Queeney, March/April, 1995.

Backlash

“Backlash and What To Do About It.” Janninck, Sept/Oct,

1994,
“Determining Spline Misalignment Capabilities.”
Friedman, Nov/Dec, 1995.

Business Ethics
“Motherhood, Apple Pie & The Bottom Line.” Bartels,
May/June, 1995.

Buyers Guides

1994 Gear Products and Services Buyers Guide. Nov/Dec, 1994,

1995 Gear Products and Services Buyers Guide. Sept/Oct, 1995.

Cast Gears
“A Huge Success—Casting A 62' Bull Gear." Bartels,
Sept/Oct, 1995,

CBN
“Gear Grinding Comes of Age.” Plainte, July/Aug, 1995.
“Gear Grinding, 1995.” Stott, July/Aug, 1995.

Ceramics
“Hotter, Faster, Harder Cutting.” Smith, July/Aug, 1995.

Chamfering
“Basic Guide to Deburring & Chamfering Gears.” Horst,
July/Aug, 1995.

CNC
“CNC Basics.” Kovar, Jan/Feb, 1995.
“CNC Controls and Dry Hobbing.” Kovar, July/Aug, 1995.
“CNC Gear Manufacturing—Where Are We Now?"
Bartels, Jan/Feb, 1995.
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“CNC Software Savvy.” Kovar, May/June, 1995.

“The Electronic Gearbox." Richmond, Sept/Oct, 1994,

“The ELIMS Project.” Arvin, Jan/Feb, 1995.

“Gear Inspection for the Long Haul.” Beerck & Cowan,
Sept/Oct, 1995.

“New Concepts in CNC Gear Shaping.” Felten &
Johnston, July/Aug, 1995.

“What to Look For Before You Leap.” Kovar,
March/April, 1995.

Controllers

“Gear Inspection for the Long Haul.” Beerck & Cowan,
Sept/Oct, 1995.

“CNC Controls and Dry Hobbing.” Kovar, July/Aug, 1995.

“CNC Software Savvy.” Kovar, May/June, 1995.

“What to Look For Before You Leap.” Kovar,
March/April, 1995.

Couplings
“Determining Spline Misalignment Capabilities.”
Friedman, Nov/Dec, 1995,

Cutting Tools

“Hotter, Faster, Harder Cutting.” Smith, July/Aug, 1995,

“New Innovations in Hobbing—Part 1. Phillips, Sept/Oct,
1994.

“New Innovations in Hobbing—Part I1.” Phillips,
Sept/Oct, 1994,

Deburring
“Basic Guide to Deburring & Chamfering Gears.” Horst,
July/Aug, 1995.

Design

*“The Effect of Web & Flange Thickness on Non-Metallic
Gear Performance.” Tessema et al., Nov/Dec, 1995.

“EHL Film Thickness, Additives & Gear Surface Fatigue.”
Townsend & Shimski, May/June, 1995,

*Multi-Metal Composite Gear/Shaft Technology.” Claxton
& Wadleigh, Jan/Feb, 1995,

Dry Hobbing
“CNC Controls and Dry Hobbing." Kovar, July/Aug, 1995.
“Gear Hobbing Without Coolant.” Ophey, Nov/Dec, 1994.



Forging
“Long-Life, Low-Cost, Near-Net-Shape Gears.” Mullally,
May/June, 1995.

Grinding
“Gear Grinding Comes of Age.” Plainte, July/Aug, 1995.
“Gear Grinding, 1995.” Stott, July/Aug, 1995,

Heat Treating

“Heat Treating Equipment Selection.” Reynoldson,
March/April, 1995,

“Heat Treating In The 90s: Beyond Black Magic.” Bartels
& Stott, March/April, 1995.

“How To Carburize A Finished Gear.” Kakes & Wilde,
March/April, 1995.

“Mechanical Behavior of Ausrolled Surfaces in Gear
Steels.” Queeney, March/April, 1995.

Hobbing
“CNC Controls and Dry Hobbing.” Kovar, July/Aug, 1995.
*Gear Hobbing Without Coolant.” Ophey, Nov/Dec, 1994,
“New Innovations in Hobbing—Part 1.” Phillips, Sept/Oct,

1994,

“New Innovations in Hobbing—Part I1." Phillips,

Sept/Oct, 1994,

Inertia Welding
“Multi-Metal Composite Gear/Shaft Technology.” Claxton
& Wadleigh, Jan/Feb, 1995,

Inspection & Measurement

“Gear Inspection for the Long Haul." Beerck & Cowan,
Sept/Oct, 1995,

“How to Avoid Errors When Measuring Step Gears.”
Rohr, July/Aug, 1995.

“Quality Gear Inspection—Part 1.” Smith, Sept/Oct, 1994,

“Quality Gear Inspection—Part 11.”" Smith, Nov/Dec, 1994.

Interviews

Gimpert: Dennis Gimpert of Koepfer America.
March/April, 1995.

Gleason: Jim Gleason of Gleason Corporation, Jan/Feb, 1995,

Goodfellow: David Goodfellow of American Pfauter.
Nov/Dec, 1995.

Kozma: Peter Kozma of Liebherr/Sigma Pool. Sept/Oct,
1995.

Lawton: Bradley Lawton of Star Cutter. May/June, 1995,

Wyss & Richmond: George Wyss & Dennis Richmond of
Reishaver. July/Aug, 1995.

Lubrication

“Developing a Total Productive Maintenance System.”
Hudson, May/June, 1995.

“Eco-Friendly Cutting Fluids.” Sliner, May/June, 1995.

“EHL Film Thickness, Additives & Gear Surface Fatigue.”

Dimension Over
Pins Gage
Measures Actual
Tooth Thickness
of Gears and
Splines
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Townsend & Shimski, May/June, 1995.

“Gear Oil Classification & Selection.” Lauer, May/June,
1995.

*Ten Myths About Gear Lubrication.” Errichello &
Muller, May/June, 1995.

Management
“A Failure To Communicate.” Bartels, Nov/Dec, 1994,
“Information Control.” Fischer, Jan/Feb, 1995,
*Motherhood, Apple Pie & The Bottom Line.” Bartels,
May/June, 1995.
“The ‘Paperless’ Factory.” Watkins, Jan/Feb, 1995,

Manufacturing

“CNC Basics.” Kovar, Jan/Feb, 1995.

“CNC Gear Manufacturing—Where Are We Now?”
Bartels, Jan/Feb, 1995.

“Developing a Total Productive Maintenance System.”
Hudson, May/June, 1995.

“The ELIMS Project.” Arvin, Jan/Feb, 1995,

“A Huge Success—Casting A 62' Bull Gear.” Bartels,
Sept/Oct, 1995.

“Information Control.” Fischer, Jan/Feb, 1995.

“The ‘Paperless’ Factory.” Watkins, Jan/Feb, 1995,

Materials

“Austempered Ductile Iron—A Designer Gear Material.”
Keough, March/April, 1995.

“The Beginner's Guide to Powder Metal Gears.” Shturtz,
Sept/Oet, 1995.

“Comparison of Surface Durability & Dynamic
Performance of Powder Metal & Steel Gears.” Yoshida et al.,
Sept/Oct, 1995.

“The Effect of Web & Flange Thickness on Non-Metallic
Gear Performance.” Tessema et al., Nov/Dec, 1995.

“Mechanical Behavior of Ausrolled Surfaces in Gear
Steels.” Queeney, March/April, 1995,

“Multi-Metal Composite Gear/Shaft Technology.” Claxton
& Wadleigh, Jan/Feb, 1995.

Near-Net Shapes
“Long-Life, Low-Cost, Near-Net-Shape Gears.” Mullally,
May/June, 1995.

Personal Profiles

Gimpert: Dennis Gimpert of Koepfer America.
March/April, 1995.

Gleason: Jim Gleason of Gleason Corporation. Jan/Feb,
1995.

Goodfellow: David Goodfellow of American Pfauter.
Nov/Dec, 1995.

Kozma: Peter Kozma of Liebherr/Sigma Pool. Sept/Oct, 1995.

Lawton: Bradley Lawton of Star Cutter. May/June, 1995.

Wyss & Richmond: George Wyss & Dennis Richmond of
Reishauer. July/Aug, 1995,
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Plastic Gears
“The Effect of Web & Flange Thickness on Non-Metallic
Gear Performance.” Tessema et al., Nov/Dec, 1995.

Powder Metal Gears

“The Beginner's Guide to Powder Metal Gears.” Shturtz,
Sept/Oct, 1995.

“Comparison of Surface Durability & Dynamic
Performance of Powder Metal & Steel Gears.” Yoshida et al.,
Sept/Oct, 1995.

0S-9000
“QS-9000—The New Industry Rules.” Bartels, Nov/Dec,
1995.

Research
“Drivetrain Research. An Idea Whose Time Is Overdue.”
Rao, July/Aug, 1995.

Shaping
“New Concepts in CNC Gear Shaping.” Felten &
Johnston, July/Aug, 1995.

Software
“CNC Software Savvy.” Kovar, May/June, 1995.
“The Electronic Gearbox.” Richmond, Sept/Oct, 1994,
*How Many Mice Does It Take to Design A Gear?"” Stott,
Jan/Feb, 1995.
“Information Control.” Fischer, Jan/Feb, 1995,
“The *Paperless’ Factory.” Watkins, Jan/Feb, 1995.

Splines
“Determining Spline Misalignment Capabilities.”
Friedman, Nov/Dec, 1995.

Standards
“Comparison of ISO 4256/ANSI B92.2M-1980 With
Older Imperial Standards.” Finney, Sept/Oct, 1994,
*QS-9000—The New Industry Rules.” Bartels, Nov/Dec,
1995,

Step Gears
“How to Avoid Errors When Measuring Step Gears.”
Réhr, July/Aug, 1995,

Stereolithography
“The Shape of Things to Come.” Bartels, July/Aug, 1995.

Thin-Rimmed Gears
“The Effect of Web & Flange Thickness on Non-Metallic
Gear Performance.” Tessema et al., Nov/Dec, 1995.

Total Productive Maintenance
“Developing a Total Productive Maintenance System.”
Hudson, May/June, 1995. O
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An alternative to
bevel gears uses
a cylindrical
pinion and a face
gear for power
transmission in

a variety of

applications.

25 GEAR TECHNOLOGY

Cylkro® Gears: An
Alternative in Mechanical
Power Transmission

H. F. Grendel

Introduction
Bevel gears have been the standard for several
decades in situations where power transmission
has to occur between shafts mounted at a given
angle. Now a new approach has been developed
that challenges the bevel gear’s de facto monop-
oly in such applications. The concept is based on
the principle of the crown gear; i.e., a cylindrical
pinion mates with a face gear. Crown Gear B.V. in
Enschede, Holland, is the developer of these spe-
cialty gear teeth, which are marketed under the
trade name Cylkro®.
Features of the Cylkro Gear
The Cylkro transmission is an angular gear
pair consisting of a cylindrical pinion with an
involute tooth profile mating with a Cylkro gear.
The upper gear pair in Fig. 1 is a normal cylindri-
cal gear pair. Shown beneath it are three Cylkro
gears using the same pinion with different shaft
angles and gear ratios.
The geometry of a Cylkro gear is determined
by the following factors: the geometry of the

Fig. 1 — Cylkro gears meshing at various shaft angles.
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mating pinions, the relative positioning of the
pinion axis in relation to the Cylkro gear axis and
the pair’s gear ratio. The pinion's geometry
remains constant along its face width. The geom-
etry of the Cylkro gear can be regarded as a rack;
however, the pressure angle varies over the face
width (See Fig. 2).
Development

The general principles of face gear geometry
and the necessary cutting techniques were readily
available in the 1930s, but specific knowledge of
the precise geometry and load distribution char-
acteristics of face gears were lacking. These top-
ics were the first to be researched and applied to
the development of Cylkro gears. Advanced com-
puter programs were used to develop and opti-
mize the geometry. Many production methods
were evaluated, and the generating hob process
was chosen as the most efficient.

The next step in the development process was
the design of a new generation of HSS and hard
metal generating hobs. Initially the milling cut-
ter profiles were pinion-shaped. During subse-
quent development rounds, the cutter shapes
were gradually adapted for the production of
Cylkro gears on commercially available CNC
hobbing machines,

The power packing optimization abilities
(minimal power transmission-volume ratios) of
the first production batches were tested exten-
sively. Testing and measurement methodologies
and instrumentation were developed along with
the production process. DIN 3962 and 3965 stan-
dards were applied. The manufactured geometry
can now be compared exactly with the theoretical
geomeltry, allowing a quality-controlled manufac-
turing process of the face gears.

It is now possible to manufacture Cylkro gears
suitable for power-intensive transmissions. In this
article the most frequently used form of Cylkro
gear transmissions, i.e., 90° shaft angles using
spur gear leeth, will serve as the basis for all

examples, unless otherwise indicated.




Technology

Geometry. The geometry of the pinion, its
position in relation to the axis of rotation of the
Cylkro gear and the transmission ratio determine
the geometry of the teeth. Formulas have been
applied to calculate the geometry of the teeth in
every possible application and for every shaft
angle between 0° and 110°, with or without an off-
set pinion, and with spur or helical pinions.

Contact path lines. A transverse cross section
of a Cylkro gear can be treated as a rack and pin-
ion pair. The rack’s pressure angle is a variable
value along the entire face width of the gear. The
variable pressure angle ensures that pinion and
gear teeth keep smooth contact path lines between
them (see Fig. 3).

Since contact path lines are skewed, the char-
acteristics of Cylkro gear pairs are similar to those
of helical cylindrical gear pairs with the same
helix angle. This is true for the gear’s rotation
characteristics, its acoustic performance, its power
transmission capabilities and its overlap ratios.

Transmission power packing density. The
strength of material calculations for bending
strength and pitting resistance meet DIN 3990
and 1SO 6336 standards. Cylkro-specific factors
in these standards were incorporated, and the
newly emerging standards were verified and
proven correct by means of finite element analy-
sis methods (FEA/FEM) and with back-to-back
life tests (see Fig. 4). All factors commonly used
in strength of material calculations, such as the
Ka factor, the dynamic Kv factor, etc., were also
used with these gears,

These development efforts, especially gear
tooth optimization, have resulted in transmission
power packing densities equaling or exceeding
those of bevel gears, depending on transmission
ratios and shaft and helix angles.

Manufacturing. Cylkro gears are manufac-
tured with standard CNC-controlled hobbing
machines. This guarantees an efficient and contin-
uous work flow, allowing high precision dimen-
sioning. The production steps are lathing the
blank, cutting the teeth in the non-hardened base
material, hardening to HRc 61 % 1, machining the
locating faces (datum planes), finish-cutting the
teeth flanks with hard metal milling cutters or
grinders and honing a fine-finishing profile
adjustment if necessary.

The new generation milling cutters developed
by Crown Gear can be sharpened without run-
ning the risk of changing the cutting geometry.
The geometry of the milling cutter is determined
by the pinion’s gear teeth characteristics, such as
its module, number of teeth, helix angle and

Fig. 2 — The variable geometry of the Cylkro gear.

Cylkro
Gear

FraPoat Prgiess g

Fig. 4 — FEM stresses on a Cylkro tooth.

addendum modification. Cylkro gears can be
manufactured with these milling cutters regard-
less of axis angles, transmission ratios or axis
centerline offset.

Cylkro gear verification uses 3-D, CNC mea-
surement banks. The gear’s calculated standard
profile parameters are stored in the 3-D measure-
ment bank and compared with the actual measured
3-D values. The deviation patterns are obtained in
the form of a computer output with micrometer
orders of magnitude (1 range). The pattemns are
directly related 1o the quality of production.

Enschede, The
Netherlands
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Fig. 5 — Single-stage driven turntable (i = 10).
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Fig. 6 — Multi-power design for a pinion as an integrated part of a shaft.
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Fig. 7 — Centrally driven shaft with several distribution points.
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Fig. 8 — Rolling mill drums with adjustable throughput. (Patented by Crown Gear.)
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Properties. Cylkro gear systems have the fol-
lowing characteristics:

* The pinion is a normal spur gear whose axial
position has no influence on the meshing zone.

» Assembly time is reduced because only the
axial position of the face gear needs to be set.

» Lapping is unnecessary because all gears
irrespective of their tooth numbers or shaft angles
may be interchangeably meshed with the com-
mon pinion upon which the particular generating
hob geometry is based.

* Axial load on a pinion with straight spur
teeth is non-existent.

* Meshing is smooth thanks to the system'’s
oblique contact lines and high contact ratio.

= The systems offer high transmission ratios in
one stage.

* Cost-effective manufacture on conventional
CNC gear hobbing machines is possible,

* Using straddle-mounted pinions is possible.

» Zero backlash high-accuracy applications
may easily be realized.

» High-strength teeth and good contact geom-
etry give high torque capability.

Technical and economic benefits, The unique
features of Cylkro gears bring certain economic
and technical benefits that would not normally be
possible with bevel gears or that would be possi-
ble only at great cost.

The absence of the need for any axial adjust-
ment of the pinion shaft during mounting, repair
or maintenance is a time saver, especially with
high-tech assemblies. The construction of the pin-
ion bearing can be greatly simplified thanks to the
absence of axial loads. The use of bilateral pinion
bearings is possible when the assembly requires
extremely rigid construction. The Cylkro gear
construction is characterized by a high degree of
efficiency as a result of the sliding effect of gen-
erating tooth flanks while in motion,

Other economic benefits lie in the simplicity
of the cylindrical pinion, which has obvious man-
ufacturing cost advantages over conical pinions.
Furthermore, Cylkro gears can be produced with
much more economical tooling and machinery
than bevel gears. The same machine tool can be
used for coarse and fine machining, eliminating
special machinery for finishing passes. The lap-
ping process may be eliminated altogether thanks
to the high tolerance finishing pass gears receive
in the standard production process.

Applications. The unique properties of the
Cylkro gear allow new approaches to design and
manufacturing. Cylkro gear sets can be made in a
wide range of gear ratios, with axial freedom of
the pinion and a free choice of shaft angle.
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A wide range of gear ratios. Theoretically the
Cylkro transmission is suited for all possible gear
ratios (i -> =), However, the effective face width
of the Cylkro teeth in the area of the inner diame-
ter will be reduced as a result of root undercutting
when using small gear ratios (i -> 1.5) for a shaft
angle of 90°. In these instances, the mechanical
power transmission capability of Cylkro gears is
smaller than in bevel gears of comparable size.
Cylkro gears may definitely be used as power
transmission gears when gear ratios equal or
exceed i = 1.5.

No technical limitations exist regarding the
production process for large gear ratios. A gear
ratio of i = 12, for instance, would normally be
designed in several stages, reducing the physical
weight and, consequently, the material cost of the
gear train. For some designs, however, it is advis-
able to design a single, large stage transmission.,

The largest gear ratio achievable with bevel
gears (i = 6 ~ 8) is determined by the production
process itself. Cylkro gears, however, can han-
dle large gear ratios in one single stage without
any difficulties.

A typical application can be found in environ-
ments requiring a high degree of constant angular
velocity. For example, Fig. 5 shows an application !
where a gear ratio of i = 10 is combined with tight
angular velocity precision for the turning table. It
is obvious that the total cumulative pitch error of
this Cylkro gear is averaged over the largest pos-
sible gear diameter. With a diameter half the size
or with a double-staged gear, the error deviation
would approximately be twice as large. The
Cylkro gear design combines both large gear
ratios and precision constant angular velocity.
Cylkro gear dimensions play a secondary role.
Different gear ratios can be achieved simply by
changing the number of teeth on the Cylkro gear.
For some applications one gearbox can be used
for several gear ratios with the same housing,
bearings, pinion(s), etc.

Axial freedom of the pinion. Cylindrical gears
may be offset freely in both axial and radial
directions within reasonable limits without neg-
ative impact on the lines of action of the teeth.
This degree of freedom in either direction does
not exist in bevel gears. Bevel gears individual-
ly require precise installation and tuning to
achieve a good bearing contact and the right
backlash tolerance.

The Cylkro transmission combines both types
of gears. It requires adjustment only in the axial
direction to obtain a good bearing contact (the
pinion teeth’s base tangent lengths do not affect
this). Axial pinion motion is perfectly possible.

=

Fig. 9 — Coaxial counter-rotating propellers.
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Fig. 11 — Dual-feed screw for an injection molding machine.
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Adjustments are greatly simplified; moreover, the
engagement of several pinions on one Cylkro gear
or one pinion with two Cylkro gears simultane-
ously is made easy.

Another good example of the axial freedom is
the pinion as an integrated part of a motor shaft.
The motor shaft mates directly with the Cylkro
gear; there is no requirement for any axial adjust-
ment. The motor’s own axial movement does not
influence the bearing contact. Fig. 6 shows a multi-
power design, which is used in situations where

Fig. 12 — Conical mixer.

Fig. 13 — Milling machine heads.
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one Cylkro shaft drives several rapidly turning
pinion shafts or in situations where more than one
motor drives one Cylkro shaft.

Fig. 7 shows a common driving shaft onto
which a set of pinions is mounted, each driving a
Cylkro gear. This construction is commonplace in
farming machinery. Axial dilations of the pinion
shaft because of temperature changes, for exam-
ple, have no influence on the lines of action of the
teeth, nor on the rotational symmetry of the out-
going shafts,

The rolling mill drum design shown in Fig. 8
is an even better demonstration of the axial free-
dom of the pinion. Thanks to the possibility of
the axial displacement freedom offered by the
Cylkro gear design, the rolling mill drum’s cen-
terlines can be adjusted to accommodate milling
material plate thicknesses. It is also possible to
mount mill drums with other diameters. This
does not affect the bearing contact or any rela-
tive motion of one drum against the other. When
necessary, both drums may have different diam-
eters. Of course, this would result in a similar
requirement for different diameters of the
respective Cylkro gears.

Fig. 9 shows a construction for distributing
mechanical power to two counter-rotating pro-
peller blades, where the propellers are mounted
on coaxial shafts. Counter-rotating propellers are
used in shipbuilding to get higher propulsion
yields. Half of the available mechanical power is
transmitted directly on the inner shaft, and the
other half is transmitted to the outer shaft through
a planetary setup of pinions mating with the sec-
ond Cylkro gear. The design allows different
rotating speeds on each shaft if required.

Fig. 10 shows a dual-speed perpendicular
gearbox. Two Cylkro gears, each with different
numbers of teeth, driven by a common pinion are
coupled to a shaft through a clutch mechanism.
The clutch ensures that the outgoing shaft stays
connected to one Cylkro gear at a time.

Another application that takes advantage of
the axial freedom of the pinion is the assembly
that drives the pressure cylinder in a printing
press. The position of the circumference of the
printing press cylinder relative to the feed cylin-
der must be adjusted very precisely. A helical
pinion with an adjustable (tunable) axial posi-
tion on the driving shaft causes a proportional
rotational offset of the Cylkro gear for a given
axial pinion shift.

Shaft angle’s freedom of choice. The freedom
to select almost any shaft angle, as well as all
other features and benefits of the Cylkro gear, is
crucial to making optimal use of this design. The



angular Cylkro gearbox does not affect the bear-
ing contact in any way.
A typical application in gearboxes with small

shaft angles is used for driving a ship propeller. ;
Normally the motor is mounted horizontally, |

while the propeller shaft is mounted at an angle
of 79 1o 20°,

Fig. 11 shows a drive mechanism for dual-feed '
screws working under an angle of 15° to 20°, as .

commonly found in extrusion and injection
machines for the plastics transformation industry.
The dual-stage drive mechanism shown in Fig. 12

is part of a conical mixer with a still-standing !

reservoir. The drive mechanism could be executed

in a different way. It could, for instance, be ;

mounted on the bottom side of the reservoir.

The drive mechanism for the tool flange of
the milling machine in Fig. 13 has a connecting
shaft equipped with a pinion and a Cylkro gear.
The milling machine’s head can rotate freely
around its drive shaft. The Cylkro gear on one
end of the connecting shaft can be freely adjust-
ed along its axial position; therefore, the pinion
on the other end of the shaft will interfere with
the tooth’s contact path.

Currently several kinds of Cylkro gears are
being tested in helicopter gear assemblies. A sim-
ple demonstration of the ease of adjustments for
each Cylkro set is shown in Figs. 14 and 15,
where the use of power distribution is shown.
Note that the shaft angles differ from the classi-
cal 90°. Fig. 14 demonstrates power distribution
in the first stage, and Fig. 15 does so in the sec-
ond stage. O
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THE NEX'T' GENERATION
HREAD GRINDING l\/IACHINE
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. More than a century’s experience of world class machin€tooldesign and
manufagtiite has led to the creation of the next'generation TG350E
CNCHhread Grinding machine from Holroyds
--ﬁhfwtstandingly versatile and flexible machiney'the TG350E can grind
a wide range of helical forms, from lowsquantity prototypes to high
volume productiongwith fast and efficient changeover between jobs.

User-friendly, with simple touch screen controls.

New and powerful profile management software ensures consistent accurate
profile grinding to microns.

Digital scanning probe for ‘in process’ closed loop measurement of all key
elements and automatic correction.

Hardware and programming set up time reduced to a minimum.

Hydrostatic bearings for increased stiffness for closer infeed control and higher
accuracy.

Workhead controlled by a high resolution AC digital servo system throtigh a
DIN 2 Standard Holroyd duplex worm & wheel. Posigion feedback is a direct

mounted optical encoder.
45kW grinding spindle motor.

Slant bed design gives the TG350E a greater advantage in absorbing cutting
forces and provides essential stability beyond conventional grinding machines.

Holroyd is much more than simply another supplier of specialized
machinery and components#'it’s customers receive a total service; thus
ensuring that they take full advantage of Holroyd'’s unmatched wealth of
application engineering knowledge.
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AGMA GEAR SCHOOL

One-week session on basic gear man-

inspection. June 3-7 at Daley College,
703-684-0242 for more information.

PENN STATE MMM

DEGREE PROGRAM
Penn State University announces its
new Masters of Manufacturing Manage-

ment degree program, a two-semester |
the College of !
Engineering and The Smeal College of
Business Administration. The program '
is open to practicing engineers and
other professionals from industry and :
undergraduate students currently en- :
rolled in business administration, sci- :
ence and engineering programs. For :
more information, phone 814-863- :
5802, fax 814-863-5803 or e-mail Dr. |
Michael P. Hottenstein, co-director at |

course offered by

m7h@psuvm.psu.edu.

IMTS 96

IMTS 96 will be held Sept. 4-11 at
McCormick Place in Chicago, IL. This is °

one of the largest displays of manufac-
turing technology in the world. This
year's show will
Generation Pavilion. A free brochure
describing the show is now available from

IMTS headquarters. To get a copy, call |
800-322-IMTS in the USA or 703-893- |
2900 outside the country. Information :
about the show 18 also found on the :

Internet at http://www.imts.org.

UWM PLASTIC MATERIAL
SELECTION & TESTING COURSE

The University of Wisconsin at

Milwaukee's Center for Continuing |
Education will offer a course on the fun-

damentals of plastic materials selection,
applications and testing on June 24-26.

For more information contact Roger

June 21. For complete information, call g

. Merry Geil at 412-367-3004, x301, or
ufacturing. Classroom and hands-on | gend e
work covering hobbing, shaping and . meeting information is also available at :
¢ Munro of Huddersfield Univer-sity, UK.
. Contact Carol J. Bird at 614-292-3204 or

. fax 614-292-3163 for more information.

-mail 1o geil@mrs.org. Complete

| http:/ www.mrs.org.
Chicago, IL. Call 703-684-9211 or fax |

OHIO STATE GEAR NOISE COURSE

A three-day course on gear noise, |
: covering measurement, analysis, diag- :
- nosis, noise reduction and dynamics, : [ %4
- will be held at Ohio State University : o

e e e R e

Sept. 10-12. Speakers will include Drs.
Donald Houser and R. Singh of the Gear

: Dynamics and Gear Noise Research
¢ Laboratory at OSU,

and Dr. Roben

Tell Us What You Think...
If you this article of

feature a Gear :

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

at present.

most 5°-12" diameter bodies.

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

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.

NEW! Straight Bevel Cutters.

Hirons at 414-227-3105.

MRS CALL FOR PAPERS
The Materials Research Society is |
issuing a call for papers for its 1996 Fall
Meeting to be held December 2-6 in
Boston, MA, Deadline for abstracts is

Royal Oak, Michigan 48067
Tel: (810) 544-3852 » Fax: (810) 544-3922

CIRCLE 105 on READER REPLY CARD
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RACING CIRCUITS

In Formula One racing, where reliability is everything,
McLaren International counts on wire EDM to cut its gears.

William R. Stott

ZERO TO 125 MPH IN FIVE SECONDS.
MAXIMUM SPEED OF 211 MPH.
SEVEN-SECOND PIT STOPS.

Formula One racing is a high-adrenalin sport—
one which demands peak performance from dri-
vers and machines alike.

In their quest for speed, safety and perfor-
mance, the racing teams are constantly pushing
the boundaries of technology by testing new
materials and manufacturing processes. McLaren
International, one of the premier teams in the
sport, has introduced a nontraditional gear manu-
facturing technique—wire erosion EDM—as a
way to bring gear manufacturing in-house at a
reasonable cost.

The transmission gears in a Formula One race
car must be reliable. A single gear failure can mean
the difference between the checkered flag and
dropping out of the race. It is not uncommon for
several cars in a 22-car field to drop out of a race
because of gearbox failure. Because of this, each
gearset is used only once for a race. Afterwards,
the race team inspects the gears for damage and
records the mileage. Then the gearsets are used for
practice, qualifying and testing.

Evamples of change McLaren’s cars use a semiautomatic six-speed
gears cut by wire EDM.  (plus reverse) transmission, which means there

M GEAR TECHNOLOGY
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are six change gear pairs in the gearbox. Before a
race’s practice session, the team chooses ratios
based on previous experience at a circuit. Then,
depending on weather and track conditions, they
may have to adjust the ratios. Finally, on race day,
they may have to make additional changes
because of something as simple as the direction of
the wind. If necessary, all six ratios can be
changed in just 45 minutes.

Overall, the team brings about 60 gear sets for
each car at each race. With 3 race cars, 2 test cars,
16 races per year, and qualifying and practice ses-
sions before each race, McLaren goes through as
many as 1,000 change gears per year.

Traditionally, Formula One teams have used a
handful of outside gear shops to design and man-
ufacture their change gears, creating security
problems. Because they already had a huge man-
ufacturing facility in Woking, England, McLaren
decided to bring the gear production in-house so
they would have faster turnaround time, increased
security and greater control over the design and
manufacture. In addition, they could save money
by not having to go through a subcontractor. But
rather than purchase a dedicated hobbing
machine, they looked to EDM as a more flexible,
less costly alternative.

Wire erosion EDM uses a very thin wire 1o
produce a high voltage charge that vaporizes
material on the workpiece. By controlling the path
of the wire, the machine can create a very com-
plex form. Unlike a hobbing machine, the wire
EDM machine requires no change in cutting tools
for a change in gear design. You have only to
change the program to generate a new part. There
is no waiting for hobs to be designed, ordered or
made—a process that could take as long as 12-14
weeks for a new design, says McLaren transmis-
sion designer Piet van Zyl.

McLaren estimates that their wire EDM
machine will pay for itself within 3—4 years. Also,
the capital outlay for the EDM machine was far
less than would have been necessary for a dedi-
cated hobbing machine and all the tooling
required for the various pitches and tooth num-
bers. In addition, the machine is used to make




parts other than gears, including titanium seat belt
brackets, splines on differential drive gears, front
and rear anti-roll bar arms and clamp brackets for
electrical items.

But before McLaren could implement wire
EDM gear manufacturing, they had to test it to
make sure it could produce gears durable enough
to withstand as many as 3,000 gearshifts in a sin-
gle race. “In my view the most important aspect
of the gearbox in a Formula One car currently is
reliability,” says van Zyl.

Toward the end of 1993, McLaren began test-
ing wire-eroded gears made by a subcontractor.
They tested these gears for several race distances
without problem.

After deciding that the wire erosion process
could produce gears of acceptable quality,
McLaren evaluated equipment from several man-
the Charmilles Robofill
4020 submerged wire erosion machine, which

ufacturers and chose

proved capable of cutting DIN 4 quality gears
(roughly equivalent to AGMA 14) when the gears
were single-stacked. Charmilles became an offi-
cial supplier in the middle of 1994,

For production, gears are stacked on the
machine two high with four stacks on a tooling
plate. Gear quality is approximately DIN 6
(AGMA 12) under these conditions. Even though
each batch of gears takes 18-24 hours to com-
plete, bringing the gear cutting stage in-house has
actually given McLaren faster tumaround than
sending them out to be hobbed.

The real advantage to wire EDM comes when
design changes are required in the middle of the
racing season, says van Zyl. “Toward the end of
the [1995] season we were requiring a new ratio
to optimize engine performance in sixth gear. |
designed a new ratio, which would have required
new tooling if manufactured by a subcontractor,
with the associated delay in getting hold of the
tooling, but we had the new ratios ready in about
three weeks time. If really stretched, we could
probably do it in less than two weeks, bearing in
mind the number of operations involved.”

While EDM has proven

McLaren, the company has had to overcome some

successful for
small hurdles. For example, one of the initial
problems was developing the software required to
convert gear designs into CNC programming.
McLaren uses Computervision CADDS soft-
ware o construct parametric models of parts,
including gears. In addition, they have created a
program using TK-Solver software to calculate
points on standard or modified gear tooth pro-
files. Once a new gear is designed, the program
can be downloaded to the machine. “Although

there was a fair amount of work involved in cre-
ating the initial TK-Solver model and the para-
metric CAD model, it i1s now quick to produce
data for a new design,” van Zyl says.

Another obstacle was dealing with a new
machine and cutting process. “Since wire erosion
was new to us, most of our initial problems
stemmed from a lack of experience operating
wire erosion machines,” says van Zyl. For exam-
ple, Charmilles had to develop tooling to hold the
gears in place for cutting. Unlike hobbing
machines, wire erosion machines don’t allow you
to mount the gears on an arbor. Instead, they have
to be supported from the outside. This is achieved
by having bigger blanks and supporting them in a
tooling plate with holes cut into it to support the
blanks, van Zyl says. The blanks have three start-
ing holes drilled in them from where the gear
tooth profile can be cut, leaving tags on three of
the teeth to support the gear.

The 1994 and 1995 racing seasons have demon-
strated that wire erosion EDM is a reliable gear man-
ufacturing process. Driver Mika Hakkinen drove one
of the first McLaren-made, wire-eroded gear pairs in
the 1994 Japanese Grand Prix. In the 1994 Australian
Grand Prix, both Hakkinen and teammate Martin
Brundle had second gears produced in-house by wire
erosion. McLaren went through 16 races without a
single gear failure in 1995, “We had good reliability
before wire eroding them, and now we are
improving further on that with our own design
and manufacture,” van Zyl says.

Overall, the company produced 726 change
gears with their machine. “At the end of the 1995
season, McLaren can now conclude that wire ero-
sion has been successful in meeting the required
manufacturing schedule for a season’s change
gears,” says van Zyl.

Tell Us What You Think...
If you found this article of interest and/or useful, please
circle 221.

Precision machines,
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Formula One success
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Generating Precision

Spur Gears By
Wire EDM

Roderick Kleiss, Jack Kleiss

Master gear
accuracy is
possible with

this technique

Fig. 1 — Wire EDM gear cutting setup.

and Scott Hoffmann

_Fillet Radius
(User-Specified)

Base Diameter Root Diameter

Fig. 2 — Typical EDM gear involute.

Fig. 3 — Gear surface coordinates,
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Introduction

Over the past decade, the wire electrical dis-
charge machine (EDM) has become an increas-
ingly important tool for machining non-standard
shapes. It has even been used to cut gears and
gear cavities for plastic molds. While generally
accepted as a quick and versatile method for cut-
ting spur gears, the EDM gear has lacked the pre-
cision of a mechanically machined or ground
gear. We suspected that many of the errors asso-
ciated with these gears were caused by inexact
setup procedures, poor tool path control and
improper cultting parameters. We decided to test
the potential for the wire EDM to make the most
accurate gear possible.

Our experiment was, moreover, based on need.
The plastic gears we designed for a gear-driven
lawn sprinkler required unique master gears. Lead
times for form-ground gears were unacceptable.
With our customer's support, we developed a
method of cutting these master gears that achieved
the desired shapes on time and within cost con-
straints for fine-pitch master gears. We then
employed the same techniques to cut a 19-tooth, 5
DP master gear in order to determine possible
errors of scale. Profile inspection revealed that
similar accuracy of tolerance was possible for

large, coarse-pitch gears. In this article, we will

+4"+ present the methods we employed to achieve this

‘}.ff*r level of accuracy, the inspection data from our
. work, comparisons with precision hob-cut gears
# and possible applications of this method to other

forms of gear generation.
The EDM Process

Electrical discharge machining is based on the
principal of erosion of an electrically conductive
material by continuous spark discharge 1o its sur
face (Ref 1). With wire EDM, a metallic wire is
continuously fed through arms suspended above
and below the workpiece (Fig. 1). This charged
wire is then guided through the specified tool

path while cutting its way through the material.



The process is relatively slow, depending on
wire diameter, workpiece thickness and machine
settings. The servo-controlled tool path is quite
accurate, typical for CNC machinery. The benign
environment of the EDM machinery, with slow
feed rates, extremely low forces, very little fric-
tion or vibration and controlled temperature, make
an even finer accuracy possible.

The tool path can be drawn either point-to-
point or in simple arcs. Advanced mathematical
curves are not directly programmable by software;
these must be approximated with arcs and/or line
movements. Both the involute and trochoidal sec-
tions of a gear fall into this general category.
Specified dimensional accuracy and repeatability
of the more advance wire EDMs are on the order
of .0001", Surface finishes are 16 microinches and
can be attained through careful selection of
machining parameters, along with multiple finish-
ing skim cuts on low power settings.

Gear Cutting with Wire

Wire EDM machining is primarily a two-
dimensional process, although the two wire
guides can follow independent paths. allowing
slight 3-D modifications. EDM software exists
that claims to create a wire path for the spur invo-
lute. The software requires standard gear geome-
try to be input along with tooth thickness, root and
outside diameters. Approximate arc segments are
then fitted to the involute curve down to the root
or to the base circle diameter, whichever comes
first. If the base circle is located above the root
circle, a straight radial line is connected from the
base circle to the root diameter, and the user has

the option of specifying a fillet radius for the !

intersection of those two features (Fig. 2).

area is left arbitrary and undefined, and no provi-
sion is made for undercut even if it is required.
One of the advantages of a hob-cut gear is that any
gear will fit within the envelope created by the
generating hob because the hob removes any pos-
sible interfering material in the root area that may
physically interfere with another gear. A majority
of non-undercut, standard gears are not sensitive
to this possible trochoidal interference, since the
standard whole depth provides sufficient clear-
ance, and mating teeth never reach below the base
circle. However, as designers modify gear geome-
try to maximize function or to allow for undercut,
this area becomes critical because of possible
interference or weakening by excessive relief, The
mathematical generation of gear teeth must pro-
vide not only conjugate action, but also designed
clearance with any mating gear.

Fig. 5§ — Deviation between splined arcs and involute.

Another not-so-apparent difficulty with the
generation of approximate arcs to the involute
concerns the nature of the involute itself. With its
ever-increasing radius of curvature from the base
circle, the involute is anything but a trivial curve-
fitting exercise, The desirability of making inter-
secting arcs tangent at their endpoints compounds
the problem of fitting these arcs to the involute.
Without careful fitting, it is possible to have con-
siderable error in the approximation, especially in
the critical region of the base circle. The tro-
choidal surface can also be intricate and requires
equivalent attention to detail in any generating
curve-fitting scheme.

Mathematical Generation

Many texts describe the mathematical genera-

tion of the involute. Buckingham (Ref.2)

: described both polar and Cartesian equations for
Difficulties with this method of generation are ;
immediately apparent: The trochoidal (or root) |

the involute profile. Point-to-point development
of the generated trochoidal region is less well-
documented. However, Khiralle (Ref. 3) and
Colbourne (Ref. 4) have both published methods
to find points on the trochoidal curve for any
involute rack. They also describe the necessary
iterative schemes to determine the exact involute
form diameter for undercut gears. Solving these
equations yields an array of discrete coordinate
points that exactly describe the entire surface of
the gear tooth (Fig. 3).
Curve Fitting

The wire EDM tool path is constrained to fol-
low either straight lines or simple single-arc seg-
ments. The involute and trochoid, however, are
curves with continuously changing radii of curva-
ture. The designer might create a tool path with
infinitesimally small linear moves to maximize
the EDM’s resolution, but the resulting NC pro-
gram would be excessively cumbersome. A more
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Jack Kleiss

are principals in Kleiss
Engineering, consultants
to the plastic and steel
gear industry. Their
offices are in Little
Canada, MN.

Scott Hoffmann

is president of Accu-
Prompt EDM of
Fridley, MN.
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Fig. 6 — 32 DP hob-cut gear data.
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Fig. 7 — 36 DP wire EDM gear data.
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efficient approach would be to allow the
machine’s own software to optimize the cutting
path. A mathematically satisfying curve-fitting
routine would link approximated arcs with com-
mon tangents to the profiles (Fig. 4). The mach-
ine tool would then follow the nearest x-y path to
this profile.

At first glance, it would appear a simple task
to approximate the involute and trochoidal curves
with splined arcs in the minimum least-squared
sense; however, since any arc segment is mathe-
matically nonlinear and multivalued, and because
the function that represents a splined series of arc
segments includes nonlinear parameters, this is
not the case. The curve-fitting task is difficult, but
not insurmountable. Numerous general purpose
optimization algorithms can be adapted to solve
this kind of problem (Ref. 5). The use of these
methods to solve curve-fitting problems is not an
exact science and has sometimes been called an
art. With careful selection and tuning of methods,
we have been able to generate splined arc approx-
imations of the involute and trochoid with arbi-
trarily specified maximum error criteria (Fig. 5).

Initial Setup

Four external gears were made. The diametral
pitches were 32, 36, 40 and 41. Inspection equip-
ment included a Mahr Model 896 gear roll tester
and a Zeiss ZMC 550 gear coordinate measure-
ment machine for profile, lead and spacing
checks. The 36, 40 and 41 DP gears were cut by
EDM, and the 32 DP gear was cut with a 1" diam-
eter Grade AA precision hob in order to get a
sense of the relative accuracy possible with each
method. Two of each gear were made so they
could be roll-tested against themselves to exam-
ine close-meshed conjugacy. They were then
inspected independently on the CMM for
absolute accuracy. We felt that roll testing was
imperative for wire-cut gears, since the cutting
process was purely mathematical in function.
Any local aberration in the cutting or fixturing of
the gear that might not be detected by the single
point of a profilometer would be more easily seen
on a double-flank roll tester.

Discussion of Results

Figs. 6. 7, 8 and 9 show the profilometry of the
fine-pitch gears as measured on the Zeiss CMM.
Total profile deviation (Ff) for the EDM gears in
Figs. 7, 8 and 9 varied between .0001" and
.0003", while the profile form deviation consis-
tently stayed within .0001". The hob-cut gear in
Fig. 6 maintained profile deviation between
0002" and .0003", however total form deviation
also varied by that amount. The EDM profile
traces appear as more nearly straight lines, while



the hobbed profile exhibits waviness. The lead
error on all gears was .0001" maximum, and the
adjacent pitch deviation (fp) remained less than
.0002" for all gears. In total runout, the hobbed
gear held .0002", while the EDM gears varied
between .0003" and .0005".

Roll tests of the gears against themselves are
presented in Fig. 10. A comparison trace of 32 DP
form-ground master gears rolled against each

other is included as reference. The scale is identi- ;

cal for all traces at .0003" per large division.
These traces were taken when the gears were new
without running them in lightly first. Later traces

were more uniform, Unfortunately they were not !
retained. We believe that light running-in of EDM
gears is desirable to polish the matte surface and ;

deburr edges.
A Coarse-Pitch Example
The remaining question was whether EDM

errors would be magnified by scaling the genera- !
tion process for coarse-pitch gearing. We decided :
to wire-cut a 5 DP, 19-tooth gear and concentrate ;

on improving runout and optimizing the curve fit.
This gear would be roughly 8 times the size of the
previously cut fine-pitch gears. We generated 15
arcs for this involute with a maximum mathemat-
ical error of £ 15 microinches. The material was
through-hardened 420 stainless steel. A complete
profile inspection was done for each flank of this
gear. A representative sample of results is given in
Fig. 11. Total profile and form deviation stayed
within .0001" and .0002", and total runout was
held between .0002" and .0003" Spacing and lead
were both held to .0002". In effect, we were able
to improve the dimensional characteristics of the
larger gear by improved cutting methods and clos-
er mathematical approximations. This wire EDM
gear was ultimately used to monitor a production
run of thread-ground spur gears.
Conclusions

Wire EDM is suitable for producing accurate
spur gear shapes. These early fine-pitch gears were
adequate for their intended purpose of plastic gear
inspection. Both profile and form deviation for
these gears were generally improved over their
hobbed counterparts. Total runout of these gears
was slightly greater than for the cut gears, but fur-
ther modifications in fixturing and machine setup
should improve this feature. At present, this
method has not reached the same accuracy as form-
ground masters, but gears cut this way cost less and
can be cut in a week. For certain applications, that
can be the deciding factor. The coarse- pitch gear
in this experiment benefitted from the lessons
learned on the smaller gears. It suffered no degra-
dation in tolerances despite being 8 times larger.
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fpl ==
fp=2

fp2
fp=2
Gear Data

N=20 TTp = .0435

Ff = Transverse Profile Total Deviation

DP=40 OD =.560 fHA = Transverse Profile Angle Deviation
®O=20° FD = 4700 ff = Profile Form Deviation
Fr = Total Runout Deviation
fp = Adjacent Pitch Deviation

(All measured errors x 104")

Fig. 8 — 40 DP wire EDM gear data.
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Fig. 9 — 41 DP wire EDM gear data.
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This 5 DP gear satisfies the criteria for a Class 2
master gear, with similar cost and production
advantages over form-ground gears.

The involute shape is not particularly difficult
for the wire EDM. Any mathematical path that can
be described in arcs and/or lines can be generated
with similar accuracy. Tip relief, root relief and
noninvolute tooth forms can be generated with very
little added complexity or cost. The ability to cut
two separate shapes at the same time with the upper
and lower cutting arms opens other possibilities as

W M

32 DP Hobbed Gears 36 DP Wire EDM Gears

LN

40 DP Wire EDM Gears 41 DP Wire EDM Gears

32 DP Form-Ground Master Gears

Fig. 10 — Roll tests.
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N=19 TTp=.34414 Ff = Transverse Profile Total Deviation
PP=5 OD =4.3732 fHA = Transverse Profile Angle Deviation
©=20° FD =3.58279 ff = Profile Form Deviation
Fr = Total Runout Deviation

fp = Adjacent Pitch Deviation
(All measured errors x 10#")

Fig. 11 — 5 DP wire EDM coarse-pitch gear data.

40 GEAR TECHNOLOGY

well. We have already produced bevel gears using
Tregold’s approximation of the equivalent spur
gear form. Low helix angle gears can be accurate-
ly cut with only slight overcut on the root area at
one end of the gear. Even crowning can be approx-
imated. In many ways, the use of this process is
only limited by the user’s cleverness.

Further investigation needs to be done on the
production and effect of the EDM process. Since
the generating method is new. current standard
inspection criteria may not adequately cover all
possible production errors. Simply specifying
maximum tooth-to-tooth and total composite error
may not be sufficient. It would also be interesting
to investigate the effect of EDM metallurgy on
life, wear, pitting, etc. For instance, hardening
with EDM is achieved with through-hardened
steels, but the cutting process under water can
produce an additional hard thin surface layer
exceeding 70 Rockwell C. Whether this effect
can be significant for gears is unknown,
Mathematically describing the total gear shape
can be extended to other generation methods as
well. The latest CNC equipment can follow the
same type of path as the wire EDM. NC dressers
can directly form grind spur and helical forms.
This type of generation is bound to become more
available as the gearing community continues to
seek a continually improved and cost-effective
product. Computer generation of the necessary
forms and numerically controlled inspection of
the resultant shapes will ultimately yield an accu-
rate and verifiable product. {3
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Carbide
Grinding
Consistency
That's :
Really
Cool!
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Cooler Carbide Grinding
Ernst Winter & Son, Inc.,
introduces its Reptilla™ grind-
ing wheel, offering superior
consistency for greater process
control, less maintenance and
less downtime in the toolroom.
Its unique bonds provide cool-
er grinding and longer life for
dry grinding carbide on stan-
dard tool and cutter grinders.
Specs on available wheels
included in new flyer.

Ernst Winter & Son, Inc.
Call (803) 834-4145

CNC Gear Inspection
Roto-Technology's ROTO-
CHECK systems range in
sizes from 3" up to 100" and
will inspect your gears, hobs,
splines, cams, efc., to AGMA,
DIN, ISO or JIS standards.
The PC-based, building-block
modular design allows easy
The small footprint is
an advantage, and you can
learn to use this user-friendly
system in minutes! A large
variety of _mil\\urL options
available, all at an economical
price. Call (800) 875-ROTO.

service.

Machined Parts
Herzog GmbH & Co. is a
manufacturer of high quality
machined parts, such as exzen-
ters, gears, armatures,
dles, connecting pins, elbows
and complete assemblies. All
parts are made according to
customer-specific require-
ments. Herzog is the solution
for your applications! For fur-
ther information, please con-
tact Simon at (502) 737-3983
or fax at (502) 769-1875.

spin-

Gear Process Control
Introducing the new 3000 SS
Series gear manufacturing
process control system with
Pentium® technology and an
industry-leading 3 Year War-
ranty. Proven reliability,
accuracy, technology, service
and support provide today's
best value. Call 513-859-8273
or fax 513-859-4452.

M&M Precision Systems
Corporation,

300 Progress Road,

West Carrollton, OH, 45449,
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G-Series Hobbers
Twelve-page, color brochure
describes nine high-perfor-
mance models that provide
unexcelled accuracy and pro-
ductivity. Simple conversa-
tional programming greatly
reduces set-up time. A hard-
ened and ground gear set and
special, feed-forward servo
system optimize speed while
maintaining precision. MHI
Machine Tool U.S.A., Inc.,
907 W. Irving Park Road, Itas-
ca, IL 60143-2023; Ph: (708)
860-4222; Fax (708) 860-4233.

CIRCLE 185

S-Series Shapers
Twelve-page, color brochure
describes five highly stable
gear shapers with excellent
accuracy and productivity. A
unique coolant circulation and
Load Controlled Machining
method (which automatically
adjusts speed to equalize cut-
ting force) deliver optimal
machining efficiency and
increase tool life. MHI
Machine Tool U.S.A., Inc.,
907 W. Irving Park Road, Itas-
ca, IL 60143-2023; Phone (708)
860-4222; Fax (708) 860-4233.

CIRCLE 186

F-Series Shavers
Twelve-page, color brochure
describes three high speed,
high accuracy shavers that
offer unprecedented machine
rigidity. The simplified table,
direct drive spindle, and stabil-
ity-optimizing Thermal Dis-
placement Compensation sys-
tems allow these machines to
achieve unequaled long-term
accuracies. MHI Machine
Tool US.A., Inc., 907 W. Irv-
ing Park Road, ltasca, IL
60143-2023: Phone (708) 860-
4222; Fax (708) 860-4233,
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ULTRA Precision Tooling
00012" or less T.LR, guaran-
teed for Hydraulic Chucks
and Arbors shown in this
Schunk catalog. Schunk High
Precision arbors are used in
demanding gear manufactur-
ing and testing applications.
Useful in applications from
cutting tool manufacturing and
resharpening to milling and
boring where tool life, finish
and productivity cannot be
compromised. For more infor-
mation or to receive a free cat-
alog, call 1-800-772-4865.
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GEARS!

Worldwide, only a handful of companies
produce gear-making machinery.

But what a handful they are! So special-
ized, so efficient, that these few can supply
all the machines to turn out the millions of
gears that make it possible for the modern
world to operate.

And that’s just the beginning . . .

A first for IMTS! Explore the
Gear Generation Pavilion
and shift into high!

Now you can see their newest and best
in their own Pavilion at IMTS 96 — the
vital world of gear-making all in one
place. If you make gears, or use them, you
and your team won't miss these fascinating

demonstrations.
This one Pavilion is worth the trip!

1.2 million ft* . . . thousands of machine tools and everything that works with them . . .
thousands of experts to help you make it better, faster, cheaper . . . the newest, most
advanced technology from 30 nations . . . systems, processes, cells . . . computers, software,
controls . . . America’s biggest, and only, complete manufacturing show.

You must see it to believe it!

Phone 1-800-FAB-IMTS « Outside the U.S. 1-703-893-2900

Get complete info on the Internet/Web: hitp://www.imts.org

CHICAGO, SEPTEMBER 4 - 11, 1996

MACHINE

S Lse form in
W brochure.

Or phone.

Or fill in form

on Infernet/Web.

International Manufacturing Technology Show * 7901 Westpark Drive, McLean, VA 22102 USA
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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. Send your new product releases to:
Gear Technology, 1401 Lunt Avenue, Elk Grove Village, IL 60007, Fax: 847-437-6618.

Severe Shock Speed Reducers
Nord Gear presents a new line of speed
reducers developed for heavy duty
applications in industries such as min-
ing, paper, wood technology and steel.
The Nord ECLIPSE™ incorporates a
simple helical gear design for single
through quadruple reductions. The
reducers are designed for long-life per-
formance, with oil changes required
after 10,000 to 20,000 hours of service.

Circle 226

Heavy Grade Grease
Designed for heavy equipment with

components that operate under extreme
pressure and temperature, Dylon GR-
F13 Grease, from Dylon Technologies
Co., is environmentally safe. Solid film
additives cling to metals to provide a
protective barrier for maximum metal-
to-metal separation. The grease pro-
vides high temperature protection up to
450° Fahrenheit. GR-F13 is available in
tubes, S-gallon drums, 55-gallon drums
and custom-sized pails and kegs.
Circle 227

Roundness Measurement System
For the precise analysis of roundness
and cylindricity profiles, Carl Zeiss’
Industrial Measuring Technology divi-
sion presents the TSK Rondcom 45A.
This Windows®-based system features a
static air bearing for long-term rotation-
al accuracy, an RS-232 interface to
download measurements to a PC for
data analysis, and an assist function that
displays X and Y alignment error using
an LCD bar graph display. Tolerance
zones can be set to display and analyze
data simultaneously.

Circle 228

Shaft Loader/Unloader

A new product from Maxim Inter-

national is designed to automatically
load and unload long shafts into CNC
turning centers. The machine, manufac-
tured by Pietro Cucchi USA, comes in
two shaft capacity sizes, 840 inches or
12-60 inches. Load/unload cycle times
range from 12-15 seconds, and
changeover times for small sizes are
about 15 minutes.
Circle 229

A Quick & Portable
Solution to Your
Process Inspection
Needs

Gear Analyzer 3500 Series

Typical Checks Available

Composite e« Taper

Runout « Nicks

Size * Others

Lead Available
Standard Features

Portable & Shop Floor Ready

Standard PC Based System

» Available in Center Distance

Only, Gimbal Only, or Both

» Industrial Grade Monitor & PC

Full Complement of Software,
Including SPC'’s

User Friendly Operator Screens

Printer & Keyboard

Safety Guard

Optional Cabinet Air Conditioner

Shaft Gear Inspection Available

I7W pioneered the gear
inspection business over 60
years ago
Let our experience work for
you

. . & & @

ITW Heartland

3401 South Broadway
Alexandria, MN. 56308
Phone 320-762-5223

Fax 320.762.5260
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over 35 years experneance in gears and gear equipment

; GEAH ...always ahead of the pack!
MACHINES

SALES & SERVICE

Many Models and

Sizes to choose from:

v Gear Shapers

v Gear Hobbers #GH -'{P,E..-n-
¢ Gear Shavers o P°:";T|f" Eo:gg,
v Gear Honers . T W

v Gear Grinders E

' Hob Sharpeners

¢ Inspection Equipment

s e W s SPECK GEAR SERVICES, ixc

ax (213) 933-7487 34 |
G P.O. Box 36276, Los Angeles CA 90036 Lyl 1 <

Carol Stream I| y | ix-01]
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Precision Spur Gearing
dellvered to you in less than 2 weeks.

Klelss Englneermg/Accu Prompt EDM Inc.

3006 Edgerton Street  Little Canada 55117
(612) 483-0461 = Fax (612) 483-4932
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Small Batch Vacuum Furnace
Designed specifically for tool room
applications, the ToolQuencher vacuum
furnace from Abar Ipsen features 2, 4
or 6-bar quenching capability. Features a
rapid gas quench capability for small
batch heat treating of cold work die
steels, conventional high speed steels
and advanced powder metal tooling
materials. The furnace has a 12" x 12" x
24" work zone with a 200 Ib. load capac-
ity and a maximum operating tempera-
ture of 2,400° Fahrenheit.

Circle 230

High Power Planetary Drives
Santasalo North America Inc. intro-

duces a new series of planetary gear
units designed to deliver 30-50% high-
er power ratings. The planetary gear
series offers 15 sizes with power ratings
from 27,000 Nm to 1,000,000 Nm. The
new series features wider face widths,
four planets, and Kymmenite ADI for
the annulus. Applications include agita-
tors, mixers, presses, mills, cranes,
windmills and antenna drives.
Circle 232

Tell Us What You Think...
If you found this article of interest and/or
useful, please circle 237.

Clifford-Jacobs

FORGING COMPANY

Forging partnerships of value in the gear market

P.O. Box 830 ® Champaign, IL 61824
PHONE 217-352-5172 » FAX 217-352-4629

High quality forgings with an unmatched level of customer |
satisfaction worldwide!
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BUILDING ON EXCELLENCE...

Quality Is A Cons
Introducing two new products
that will enhance your produ
capabillities and improve produ

IKEGAI AMERICA CORPORATION
2246 North Palmer Drive, Suite 108
Schaumburg, llincis 60173

TEL (847) 397-3970 FAX (847) 397-7535
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GEAR TOOTH

GRINDING SERVICES

® Cost effective gear tooth grinding
specialists

® Gear manufacturers are our only
customers

® Prototype and production quantities

® Capacityto 27.5°P.D.,35D.P

® Able to match delivery to your
requirements

® All service 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

PFAUTER-MAAG
CUTTING TOOLS
LIMITED
PARTNERSHIP

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

LeCOUNT EXPANDING
MANDREL REPAIR

If your LeCOUNT Expanding
Mandrels have been damaged
or are not within your required
specifications, return them to
us. We will repair or replace
them at a very reasonable cost.

LeCOUNT, Inc.

12 Dewitt Drive

White River Ject., VT 05001
Tel: (800) 642-6713
el Fax: (802) 296-6843
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HEAT TREATING
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SERVICE

MERIT GEAR

HEAT TREAT

B10 HUDSON ST. ANTIGO, WI 53409

Induction Hardening
Tooth by Tooth NATCO
Carburizing
Carbonitriding
Stress Relieving
Normalizing
Annealing
Blasting & Straightening

Metallurgical Laboratory
1-800-75-MERIT
Fax: 715-627-2558

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

INDEX PLATES
For
Grinding, Sharpening
& Inspection
* Complete Manufacture

* Meet or Exceed OEM's Spec
« Sizes Ranging to 20 inch Dia

MODIFIED GEAR & SPLINE, INC,
Serving the Gear Industry Since 1951

18300 MT. ELLIOTT
DETROIT, MI 48234
TEL: (313) 893-3511
FAX: (313) 893-6110
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Rates—Line Classified: $35 per line, 8 lines per inch, $280 minimum. Classified Display (3" min.): 1X—8$565, 3X—$530, 6X—$500

Additional per inch: 1X—5$190, 3X—$180, 6X

$170. Gear Technology will set type to advertiser's layout or design a classified ad at
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GEAR TOOLING

GEAR CUTTING TOOLS
“On the Shelf Inventory”

BARIT INTERNATIONAL CORPORATION
3384 COMMERCIAL AVE
NORTHBROOK, IL USA 60062-1909
TEL: B47-272-8128 FAX: B47-272-8210

COMPUTER AIDS

NC GEAR PROFILES

* Generated Gears

» Tools and Tool Paths

* Non-Generated Gears

* Involute Splines, Racks
* Inspection Calculations
* Animated Meshing

* Form Calculations

* .DXF File Output

GearShop for
Windows™

Because vou asked for it!

800-437-2368

PACKAGING

“P"” PRESERVATIVES

PRESERVATION, PACKAGING
SHIPPING AND STORAGE

ANY MACHINED METAL
GEARS, TURBINES, LUBRICATION
SYSTEMS STEAM COMPONENTS,

AUTOMOTIVE PARTS

LOW VOC, NON-HAZARDOUS,
EASILY REMOVED
MIL-C-16179E QUALIFIED

ESGARD, INC.

PO DRAWER 2698 » LAFAYETTE LA 70502
FAX 318-234-0113

1-800-888-2511
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GEAR MFG.

HELP WANTED

R & D ENGINEER

This position will be responsible for new
product development, design, analysis, rat-
ing and product performance testing. A
BSME and 10 years experience with power
transmission and gearing design and tech-
nology is required

We offer a competitive salary and a8 com-
prehensive benefits package, including
medical, dental, life, accident and disability
insurance. Please call or send/fax resume
w/ salary history to

HUMAN RESOURCES DEPT

THOMSON MICRON

50 Alexander Court
Ronkonkoma, NY 11779
PHONE #516-467-8000

FAX #516-467-9814

Equal Opportunity Employer m/f/d/v

Gear Machine Repairman — Experienced
troubleshooter for mechanical and
hydraulic repairs, Knowledge of electrical
systems desirable. No travel,

Sales Coordinator/Associate Trainee — We
need an ambitious self-starter with some
familiarity with gear machines, their tooling
and accessones to fill this job. Some famil-
larity with computers required. Plenty of
room for advancement.

Friandly work environment at our conve-
nient northwest suburban Chicago location
Profit sharing, health insurance.

gl Cadillac Machinery Co. Inc.
R Y 1401 Lunt Avenve
({I[[ANI]N Elk Grove, IL 60007

Fax your resume to B47-437-6618.

AIRCRAFT/AEROSPACE
MACHINE TOOL

GEARS = SPLINES
SPUR » HELICAL
INTERNAL = EXTERNAL
TO 24" DIA.
OPEN RZ-300E TIME

CURVIC® COUPLINGS
TO 36" DIA. & 360 TEETH

EOUIIABLE

ENGINEERING COMPANY
1840 AUSTIN, TROY, M. 48083
PHONE 810-689-9700 « FAX 810-689-0281

NEXT ISSUE: LOOK FOR

www.geartechnology.com
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Gear Terms You Didn't Know About

The word gear, in various forms,
has been in use since around A.D.
1200, according to the Oxford English
Dictionary. Last issue we brought you
Shakespearean gears. Now we'd like to |
show you some of the uses Americans
have given our favorite word (from the
Random House Dictionary of Ameri- |
can Slang).

pack the gear. To have the neces-

sary ability or authority: 10 meet stan- :

dards or requirements. Originating in |

the U.S. Marine Corps. As in, “That new
recruit can’t handle it. He doesn’t pack :
the gear.”

slip (one’s) gears. To lose one’s san- |
ity. As in, “You must have slipped your
gears in order to have become the
Addendum Editor.”

gear-dropper. An aviation term
referring to an airplane copilot,

gear jockey. A driver of trucks or other
large motor vehicles, Also gear jammer.

There were also a considerable :
number of gear terms listed with vari- :
ous vulgar, naughty and objectionable

meanings. Considering the refined, cul- :

tured character of the Addendum Page,

“ GEAR TECHNOLOGY

|
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igear (ger), n. 1. a toothed wheel

i we regret to say that we're unable to
i print them here. (We're above that sort :

of thing). Besides, we already told you
where to look them up.
Obscure Gear Biographies — Part ll|
With baseball season underway, we
thought it appropriate to introduce the

i Addendum Page’s baseball hall of fame,
which consists of just one player: Dale :
Dudley Gear.
Gear was a 5'11" right-hander from :
. Lone Elm, KS, who played three sea- :
sons in the big leagues, with the
National League Cleveland Spiders
(1896-7) and the American League
,;: Washington Nationals (1901).

Gear played both outfield and pitch-
er in a total of 69 games over the three
seasons. His lifetime batting average
. was .239. He never hit a home run, but
managed to come up with 25 RBIs. Asa |
pitcher, his best season was 1901 with
the Washington Nationals, when he was :
4-11 with a 4.03 ERA. Guess he just |

didn’t pack the gear.

While he will never make it into the
real hall of fame, we are proud to add
. Dale Dudley Gear to our list of semi-

famous gears. O

The Addendometer




Baby Falis, Tellico River, Southeast, Tennassee

L~

Our Benchmark Quality Can Solve
Your Gearmaking Problems

® (rown hobbing for noise reduction and
misalignment compensation.

m Hard hobbing with carbide hobs after

heat treat as a substitute for gear grinding.

m (NC hobbing and shaping alignment
programs for varying teeth and pitches.

m Hobbing 2 tooth & greater helical pinions.
m Special forms: flexible couplingsor
high helix worms ond camshafts. ~ ¥==
w Precision analytical gear inspection. s

m Hob sharpening.

FOREST.CITY GEAR

11715 Main Street » P. O. Box 80
Roscoe, lllinois 61073-0080
815-623-2168 * Fax 815-623-6620
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~ Still Nof Sure!

We Are!

We want you to come see Forest City Gear for yourself.
We're the most modern fine and medium pitch gear job shop
in the world. We especially welcome our competitors!

We're sure that once you do, you'll agree that
we are the benchmark for today’s quality gearmaking.

Shbie,
FOREST CITY GEAR [ =




Process Optimization

There's more than one way to finish
spur and helical gears. Based on
your quality and noise requirements,
and your cost objectives, we'll help
you zero in on the best process
combination, matching our
advanced CNC shaving, grinding,
and/or honing machines with our
PHOENIX* hobbing technology.

How Honing Can Improve
Quality and Reduce Cost

The quality enhancement and
cost-saving possibilities of today's
CNC honing are worth exploring.
Honing is a hard finishing process
that utilizes a honing tool in the form
of an Internal gear to improve tooth
geometry and surface texture of
hardened gears.

The Gleason-Hurth ZH 250 CNC
Honing Machine combines easy-to-
understand operating software with
complete CNC process control,

All operating aspects are fully auto-
matic. Integrated part load/unload
automation is optional.

QUALITY->

e

Process
Steps

In some
cases, a
Hob/Heat Treat/ Hone sequence

can eliminate a previously-required
shaving operation while improving

quality. Depending on stock removal
and quality requirements, honing can

potentially replace grinding, with
significant cost savings per gear.

The Gleason Works, 1000 University Ave., Rochester, NY 14692

716/473-1000 Fax: 716/461-4348

Honing can also be added to
enhance shaving or grinding to
meet today's stricter quality and
noise requirements. We can help
you analyze your current methods
to determine if honing can be
productively applied.

Whether the solution
involves hobbing, shaving,
grinding or honing...or any
combination...we have the
proven technology, and
we back it with Gleason's
worldwide training and service
support.

Call 1-800-643-2770 or your
Gleason regional sales manager.
The answer is "Yes."

Gleason
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