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... We Listened.
We Redesigned

Just for You!

« New Suppliers, Technologies & Solutions for:
— Cutting Tools, Workholding Products, Gear Materials, Gear Products, Heat Treating, Inspection, Testing, Measuring,
Machine Tools, Gearing Services and More!
«“Test Drive” machinery from exhibitors such as:
— Gleason Corporation, Hofler Maschinenbau GmbH, Kapp Technologies, Koepfer America LLC, Mitsubishi Corp.,
Nachi Machining Technology Co., R.P. Machine, Star-SU, and Many More!
« Expanded Education Opportunities including:

— Seminars from ABMA,AGMA, FIA and SME MRrem
— AGMA'’s Fall Technical Meeting l r:i Ej i ‘ I [H P n
- Special “Solutions Center” Presentations from Exhibiting Companies: |

Capstan Atlantic, Chamfermatic Inc., DuPont Polymers, Emuge Corp., = 4 A

Forest City Gear Co., Gear Technology, Geiger Maschinen GmbH, The Worldwide Gear Indusiry Event
Gleason Corp., Hofler Maschinenbau GmbH, Ipsen International, % mmﬁ
JRM International, Inc., Kapp Technologies, KISSsoft AG, Nissei

Corporation of America, NSW, LLC, Ohio State University Gear Lab,

Perry Technology, Power Engineering & Manufacturing, Ltd., Reishauer October 16-19, 2005 - Cobo Center

Corp., REM Chemicals, Inc., Sunnen Products Company, Tech Induction Detroit, Michigan
Corp., UFE Incorporated, VCST Powertrain Components, Inc., and MORE! www.gearexpo.com

Questions? Contact the American Gear Manufacturers Association, 703.684.0211 or e-mail gearexpo@agma.org.
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e Economical
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Most firms in the gear in-
dustry we’ve talked to over
the past year are making more
gears than ever, generating
more sales, and filling up their
schedule books into next year
and beyond.

other new technology, as most
are extremely proud of the in-
vestments they’ve made in their factories—
expanded facilities, the newest machine
tools, manufacturing cells, lean processes
and automation.

I recently came across a newspaper arti-
cle that confirmed many of the observations
we at Gear Technology have made over the
past year. The article, “If You Can Make It
Here...,” appeared in the Sunday, September
4 edition of The New York Times. It details
how despite huge drops in the manufacturing
employment rate, the United States surpris-
ingly still accounts for nearly a quarter of the
world’s manufacturing output, measured as
value added, a statistic that hasn’t changed
significantly since 1982.

The article also details the stories of
some American manufacturers that have
prospered with a focus on making goods
at home. The first is Harley-Davidson Inc.
Although Harley-Davidson buys some
components from overseas—those no long-
er made domestically—the company still
makes most of its parts, including all of the
important ones, like engines and transmis-
sions, right here in the United States. In fact,
the domestic content of Harley-Davidson’s
motorcycles is higher today than it was 15
years ago.

The article attributes much of Harley-
Davidson’s success to creative arrange-
ments with labor unions that have helped the
company control costs. But a big part of the
success is also due to increases in productiv-
ity through better technology.

The second company featured was Haas
Automation. Now here’s an American ma-
chine tool company that sells, builds and
installs an astonishing 900 machine tools
per month out of its factory in Oxnard, CA.
While most of the world’s machine tools

In fact, it’s hard to talk with
a gear manufacturer these days
who isn’t telling you about his
new machine tools, robots or

are manufactured outside America, Haas
is thriving by producing machine tools not
only in the United States, but in Califor-
nia no less, a state not often mentioned as
friendly to business or inexpensive.

According to the article, the Haas fac-
tory is highly automated. Machine tools run
unattended overnight, and labor amounts to
just 10% of production costs.

While the article points out some high-
profile examples, there are plenty of Ameri-
can gear manufacturers also doing well.

Take the example of Delta Research of
Livonia, MI, which we wrote about in the
July/August issue. Not too long ago, Delta
Research manufactured transmission pro-
totypes. Now they’ve installed the latest
machine tools in a fully automated gear
manufacturing cell to produce transmission
gears, with no human hand touching them
from hobbing through grinding, roll testing,
deburring, rustproofing and washing.

Also, we recently talked with Mark
Garfien, president of U.S. Gear in Chicago.
For him, the future of gear manufacturing is
summed up in one word: automation.

Last issue, in an article by Tom Lang of
Kapp Technologies, he observed the grow-
ing demand for automation in smaller, more
agile shops. Automation clearly isn’t just for
the big companies anymore.

Over the past year, we’ve covered a
number of advances in machine tools that
help manufacturers get parts out faster. Ma-
chine tool manufacturers are eliminating
wasted cycle time by adding spindles, incor-
porating multiple functions into single ma-
chines and integrating automation into the
machine tools as standard packages. All this
is on top of advances in technology, like dry
hobbing, brought about by better machines,

me
g

~ U.S. Manufacturing is*

Alive, Well and Praspeffly

W

|
tool materials and coatings, all
of which allow for production
levels never seen before.

The companies incorpo-
rating these technologies are
the ones doing well today.
America’s successful manu-
facturers aren’t worried about
Chinese companies taking
away their business. Instead,
they’re wondering how they
can take advantage of one of
the world’s fastest growing
markets. According to the newspaper article,
both Haas and Harley-Davidson are export-
ing to China, and both companies look at
that market as one of huge potential growth.

The key to being successful at manufac-
turing in America is increasing your produc-
tivity.

If you'd like to know how it can be
done—how to make more gears, better
and faster—you’ll never have a better op-
portunity than by visiting Gear Expo in
Detroit, October 16-19. There, you can
see all of the latest technology. You can
also visit the booths of gear manufacturers
who have made the investments described
above. Gear Expo provides you the chance
to go and talk to the experts in machine
tools, cutting tools, heat treating, materi-
als and coatings, the people who know and
supply the technology that can help your
company survive, compete and even pros-
per—no matter where you manufacture.

Michael Goldstein, Publisher & Editor-in-Chief
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Corus’ New Gear Steels

Reduce Alloys Without

Sacrificing Achievable
Hardness

Corus Engineering Steels’ formula
for its new gear steels: Maintain achiev-
able hardness while using fewer alloys,
thereby cutting steel costs for gear manu-
facturers.

Locatedin Rotherham, England, Corus
Engineering Steels (CES) announced the
new gear steels in July 2004.

“Lean alloy steels have been devel-
oped as a direct response to rising alloy
prices” says James Hunt, market & prod-
uct development manager for CES. “Lean
alloys are by definition less costly than
the higher alloy steels they replace.”

As an example, Hunt says a leaner
alloy steel, like an MnCr, could be as
much as £182 ($327) per ton cheaper
than a higher alloy steel, like an NiCrMo.
The savings comes from differences in
the base prices and alloy surcharges of
the two steels.

“The biggest difference comes when
we take into account the alloy surcharg-
es,” he says. “The prices for molybdenum
and nickel are extremely unstable and
very much higher than chromium.”

CES develops its gear steels mainly
for the automotive industry, supplying
them to BMW, Eaton, Ford, General
Motors, Scania, Volvo and ZF. CES’
new gear steels are, however, suitable for
other industries, too.

“Examples might include gearboxes
and geared motors for food processing,
mechanical handling or marine applica-
tions,” Hunt says.

“However, it must be recognized that
there are limitations to the depth of hard-
ness and core strength which can be
achieved by a low alloy steel, hence larg-
er diameter gears may not be suitable,”
he adds. “Each application should be
considered on its specific requirements.”

Despite CES
designed its new gear steels to behave
like their higher alloy counterparts, so
gear manufacturers who switch to leaner

these limitations,

alloys don’t sacrifice performance, such
as the ability to achieve a particular hard-
ness range.

“Corus steels are typically supplied to
give hardenability response of +/— 4 HRc,
with tighter ranges available by agree-
ment,” Hunt says. “This applies to all our
steels, not just lean alloy grades.”

Also, Corus’ steelmaking helps pro-
mote predictable distortion.

“The precise control we are able
to get over our steelmaking processes
with full computer control, gives excep-
tional cast-to-cast consistency of chemi-
cal composition and hardenability,” Hunt
says. “Hence the predictability of all
our steels ensures that the manufacturers
need to make fewer adjustments to their
processes from batch to batch.”

Hunt, however, cautions that pre-
dictable distortion is a potentiality that
depends on other processes: “The amount
of distortion achieved has more to do
with the gear manufacturing route than it
does the composition of the steel.”

Still, if the route provides reliable,
repeatable results, gear manufacturers
could ultimately save time and money
through better control of distortion
because they wouldn’t have to machine
their gears as much after heat treatment.

Hunt adds that the new gear steels
are very clean, which promotes increased
fatigue resistance and thereby increased
durability.

“Fatigue and durability are influenced
by surface hardness and steel cleanness,”
Hunt says. “The cleanness of all our
steels ensures that harmful oxides and

other inclusions are kept to a minimum,
and it is this property that gives improve-
ments in fatigue and durability.”

“If you were to compare the fatigue
performance of one of our lean alloy
steels against a higher alloy steel of
equivalent strength, also supplied by
Corus,” Hunt adds, “chances are there
would be little difference as the cleanness
will be the same.”

He cites its MnCr steel as an example.
That steel has a hardenability comparable
with Corus’ 1%NiCrMo steel. The MnCr
was designed to replace the NiCrMo.
CES also developed its lean alloy gear
steels to help improve the noise, vibra-
tion and harshness (NVH) characteristics
of resulting gearboxes. Hunt couldn’t
discuss details of specific tests on the
NVH characteristics of gears made with
CES’ new steels. Even if he provided
details, NVH characteristics vary as a
result of many aspects of gear manufac-
turing. “Particular benefits seen in NVH
will depend upon the consistency of the
steels being substituted and the level of
control achieved over the manufacturing
process.”

Despite depending on manufacturing
processes, the new gear steels are Corus’
effort to provide the same for less.

“Rising alloy addition surcharges
and the continual focus on best value
led to the development of lean alloys,”
Hunt says. “Expert product develop-
ment ensured that reduced cost did not
come at the expense of performance.”

For more information:

Corus Engineering Steels

P.0. Box 50, Aldwarke Lane

Rotherham

South Yorkshire S60 1DW

United Kingdom

Phone: +(44) 1709-371-234

Fax: +(44) 1709-826-233

E-mail: enquiries.ces@corusgroup.com
Internet: www.corusengineeringsteels.com
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New Speed Drive for

Wind Turbines from Voith
The WinDrive from Voith Turbo can
convert a spectrum of input speeds into a
constant output speed in the multi-mega-
watt range.
According to the company’s press

release, key components include a hydro-
dynamic torque converter and planetary
gear designed as a superimposing gear.
With this drive, low and variable rotor
speeds are converted into high, constant
speeds. Due to constant output speeds,
synchronous generators can feed the pro-
duced electricity directly into the grid.

=

S
Pitc <t
Diameter
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Diameter »

Minor
Diameter

Rugged, Reliable, Repeatable
...For 75 Years!

* Applicable to Spur and Helical Gears!
* Gage the Part at the Machine!

%) COMTOR
SPLINE

GAGES

Visit us at
Gear Expo 2005

Booth #658

Internal or
External Spline
Measurement
Made Easy!

Still using micrometers
and pins method?

Comtor Spline Gages
make pitch diameter
measurement quick,

easy and accurate!

comiorgage’

Comtorgage Corporation
(since 1928)
Phone: (401) 765-0900 » Fax (401) 765-2846

www.comtorgage.com

This eliminates the need for power elec-
tronics for frequency adaption. According
to Voith, this drive concept can improve
the weight and space requirements in the
nacelles of wind turbines.

In addition, the WinDrive has an
integrated torque converter because input
and output are connected due to hydrody-
namic transmission of power.

For more information:

Voith Turbo GmbH & Co. KG
Phone: +(49) 7951-32-683
Internet: www.voithturbo.com

Dow Corning Synthetic Oils
to Improve Gearbox Life

Dow Corning Co. has introduced six
®

pressure gear oils to provide improved

new full synthetic Molykote™ extreme
wear protection plus greater thermal and
oxidative stability when compared to
conventional oils.

According to the company’s press
release, oils are designed to overcome
severe operating conditions, such as
temperature extremes and shock load
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or vibration. The Molykote L-21XX
Series PAO gear oils combine protection
against scuffing and micropitting with
water separation and corrosion protec-
tion. Additionally, the gear oils are for-
mulated with carefully selected additives
to inhibit rust and oxidation and suppress
foam.

Available in ISO viscosities of 100
(L-2110), 150 (L-2115), 220 (L-2122),
320 (L-2132), 460 (L-2146) and 680 (L-
2168), the oils meet or exceed the follow-
ing standards: Flender, DIN 51 517 Part
3, ANSI/JAGMA 9005, U.S. Steel 224,
Cincinnati Milacron and David Brown
SL.53.101.

For more information:

Dow Corning Co.

11900 Greenwick Dr.

Oklahoma City, OK 73162

E-mail: industrial@dowcorning.com
Internet: www.dowcorning.com

New Ultra Flat Gearhead

from HD Systems
The SHD Size 14 gearhead from HD
Systems delivers zero backlash, 1.5 arc-

min. positional accuracy, and +/— 5 arc
seconds repeatability.

According to the company’s press
release, the gearhead combines high pre-
cision harmonic drive gearing and a high
capacity cross roller bearing. The Size
14 gearhead has an outer diameter of 70
mm and is 17 mm in length. Rated torque

is 33 in.-Ibs. and comes in gear ratios of
50:1 and 100:1.

Suitable for OEM applications, the
design allows the gearhead to be incor-
porated into the machine housing by
providing the necessary motion control
components, such as the harmonic drive
gear and cross roller bearing. Support of
a large output torque and moment load
are possible.

For more information:
HD Systems

89 Cabot Ct.
Hauppauge, NY 11788
Phone: (800) 231-HDSI
E-mail: info@HDSI.net
Internet: www.hdsi.net

Self-Calibrating
Speed Sensor Detects

Gear-Edge Motion

The ATS616LSG speed sensor from
Allegro MicroSystems is designed as a
solution for non-TPOS camshaft applica-
tions, providing improved electrostatic
discharge and electromagnetic compat-
ibility and eliminating the need for an
external switching capacitor. The smaller
gear tooth sensor package is integrated to
maintain airgap range and high timing.

This sensor is a peak-detecting device
using automatic gain control and an inte-
grated capacitor to provide accurate gear-
edge detection down to low operating
speeds. Each sensor subassembly con-
sists of a high temperature plastic shell
that holds together a samarium-cobalt
magnet, a pole piece and differential

GRO‘UND

Ground Gear

Quali
At Shaty

Gear Prices

New Gleason®245 TWG Gear
Grinder offers fast, accurate
and economical solutions.

We recently installed a first-of-its-kind

Gleason® 245 TWG, High Speed Threaded

Wheel Grinder. This latest technology

in high speed production grinding will

meet your most demanding needs on

PRICE, on QUALITY and on TIME.

e Eliminate process related deviations
and heat treat distortion

¢ Maintain critical size on a consistent basis

e Improve profiles and eliminate errors
and other undesirable excitations via
direct drives

» Affordable hard finishing using
unthinkable metal removal rates

e Optimize contact and load carrying
characteristics via algorithmic software

Contact Niagara Gear and put our
world class, precision gear grinding
team to work for you today.

1-800-447-2392
Fax: 716-874-9003
e-mail: info@niagaragear.com
www.niagaragear.com
941 Military Rd, Buffalo, NY 14217

NIAGARA

GEAR CORPORATION

GROUND GEAR
SPECIALISTS
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open collector Hall IC that has been
optimized to the magnetic circuit. The
package can be used in conjunction with
various gear shapes and sizes, according
to the company’s press release.

Gear sensing technology used for the
sensor subassembly is Hall-effect-based.
In addition, the sensor incorporates a

dual element Hall IC that switches in
response to differential magnetic signals
created by ferrous targets. Processing
circuitry contains an A/D converter that
self-calibrates the device’s internal gain
to minimize the effect of airgap varia-
tions. A patented peak-detecting filter

circuit eliminates magnet and system

Visit us at Gear Expo 2005, Booth #517

Quality Spiral
Bevel Tools

A/W Systems Co. is your quality alternative manufacturing source of spiral gear roughing and finishing cutters and bodies.

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

A/W can also supply roughing and finishing cutters for most 5"-12" diameter bodies.
Whether it's service or manufacturing, consider us as an alternative source for cutters and bodies.
You'll be in for a pleasant surprise.

1901 Larchwood
Troy, MI 48083
Tel: (248) 524-0778 » Fax: (248) 524-0779

offsets and can discriminate relatively
fast changes, such as those caused by
tilt, gear wobble and eccentricities, yet
provides stable operation to low rpm.
The sensor is suitable for use in gathering
speed, position and timing information
using gear-tooth-based configurations.

For more information:

Allegro Microsystems

115 Northeast Cutoff

Worcester, MA 01606

Phone: (508) 853-5000

Internet: www.allegromicro.com

New Gearmotor from
Midwest Motion

The new MMP-TM55-36V-007
DC gearmotor from Midwest Motion
Products can accept any 36-volt DC
source, including batteries.

According to the company’s press
release, this gearmotor measures 2.14" in
diameter and 6.75" long and has a keyed
output shaft of 12 mm in diameter by 25
mm long. Easy mounting is possible with
four “face mount” M5 threaded holes,
equally spaced on a 40 mm diameter bolt
circle.

The motor is rated at 0.85 Nm con-
tinuous torque at 700 rpm and has a 40
Nm peak. Despite its size and weight,
the motor requires 2.6 amperes at 36
volts DC to generate its full-load output
torque.

Typical options include integral
optical encoders, failsafe brakes, ana-
log tachometers and planetary gearheads
with ratios from 3:1-450:1 with standard
or low backlash precision gearing.

For more information:

Midwest Motion Products

Phone: (952) 955-2626

E-mail: randy@midwestmotion.com
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The NILES ZE Series

EASY TO INSTALL, OPERATE, OWH. H ’ ‘

Get all of the facts at [xpn
KAPP-NILES booth #244 e, MTTE

KAPF Technologies 2870 Wildemess Place Boulder, CO 80301
KRBPB O NILE
www. Rapp-usa.com |

infol@kapp-usa.com
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New Hob Sharpener

from Star Cutter

The new PTG-1 from Star Cutter Co.
is a hob sharpener featuring NUM axial
CNC control with digital servo motors,
NUMROTO plus software, integrated
automatic part probing, grinding wheel
probing, and on-board wheel dressing.

According to the company’s press
release, the PTG sharpens straight and
spiral gash hobs, through-hole and shank
type, up to 8" in diameter and 10" in
length. The
grinding spindle has a 15 hp rating with
maximum grinding wheel capabilities up
to 8".

Additionally, the hob sharpener is

single-end, direct-drive

equipped with a quick-change HSK
wheel pack mounting, a planetary roller
head stock with a glass scale feedback
and glass scales on all linear axes. The
PTG-1 can also perform quick-change
HSK headstock tooling for hobs, includ-
ing through-hole and shank type; shaper
cutters; end-milling cutters; and drills.

Coolant filtration, a delivery system and
mist collection are featured as well.

Workpiece specifications for straight
gash and spiral hobs with automatic part
probing reach 8" by 10". Dish and heli-
cal shaper cutter specifications are 8" in
diameter.

Visit Star Cutter at Gear Expo booth #370.

For more information:

Star SU LLC

5200 Prairie Stone Pkwy., Suite 100
Hoffman Estates, IL 60192

Phone: (847) 649-1450

Fax: (847) 649-0112

E-mail: sales@star-su.com
Internet: www.star-su.com

Marposs Unveils New
Retoolable Manual Bench
for Gear Inspection

Marposs Corp. will introduce its new
M62 OBD (over ball diameter) retoolable
manual bench measuring system for
checking gear shafts at Gear Expo 2005.

According to the company’s press
release, the M62 OBD bench is designed
to permit quick changeover to measure
gears in a shop floor environment. With
this bench, the part floats freely on a
mechanical reference surface and can
be checked in different longitudinal sec-
tions by means of simple mechanical
adjustment.

In addition, the company will show its
M62 DF double flank measuring system,
which is designed for dynamic inspection
of gears with automatic part rotation.

Gary Sicheneder, new market devel-
opment manager at Marposs, says, “The
M62 DF gage has one basic advantage,
and that is the existence of an electronic
bore gage that definitely does a better
job in identifying the exact center of the
gear bore. This is standard technology for
Marposs. Most competitive DF [double
flank] gages are supplied with expanding
mandrels/arbors.”

The company has added gimbal
mechanics to evaluate the typical double-
flank functional parameters (Fi", fi", Fr"
Aa", Nick), lead angle, lead variation
and taper.

Gear inspection systems will be dis-
played with different electronic units,
including the E9066 industrial PC and
an E4N electronic column, featuring the
company’s Quick SPC program with
gear add-on software.

Also new is the M1 Star EBG elec-
tronic bore gage, with features like a
3-300 mm diameter measuring range,
a frictionless and wear-free integrated
transducer and IP67 protection against
water and coolant.
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“With a .5 micron guaranteed repeat-
ability, we are confident this will be the
best electronic bore gage available on the
market,” says Sicheneder.

Other Gear Expo products include the
M1 Star MBG (mechanical bore gage)
that was launched in July ’04, a line
of Go/No-Go gages for gear checking,
the Quick Set modular bench gage for
shaft type parts, new DigiCrown digital
pencil probes and other manual gages
and Mida spindle touch probes and laser
tool setters.

Visit Marposs at Gear Expo hooth #543.

For more information:

Marposs Corp.

3300 Cross Creek Pkwy.

Auburn Hills, MI 48326

Phone: (248) 370-0404

Fax: (248) 370-0621

E-mail: marposs@us.marposs.com
Internet: www.marposs.com

www.powertransmission.com « www.geartechnology.com ® GEAR TECHNOLOGY ® SEPTEMBER/OCTOBER 2005 15

The Future of Gearing Technology

Now Available at Arrow Gear!

Producing reliable, i
high precision gears requires the S
most advanced technology available —
the technology that is now available at Arrow Gear Company.

Our in-house, state-of-the-art, computerized system is the most
advanced in the industry. Utilizing Finite Element and other leading
edge software, we offer our customers numerous benefits, including a
significant increase of load capacity.

To learn more about this technology, and why we arg the
“Go To Guys” for spiral bevel gear design, please visit our
Website or contact our design engineering department.

GEAR

COMPANY

2301 Curtiss Street
Downers Grove, IL 60515

V_— E Tel: (630) 969-7640

W HEAT TREAT

p— MAGNETIC PARTICLE INSPECTION www.arrowgear.com
 — - NITAL ETCH

PR Committed to Beiny the Best

Manufacturers of Precision
Gear Cutting Tools

e shaper cutters

* shaving cutters

* master gears

e chamfering & deburring tools
¢ spline gauges

Looking for a
business partner
in gear tooling?

premium quality / short deliveries
competitive pricing / technical expertise

gear industry’s smart option

: 6898 Hawthom Park Dr ~ Tel 317 915 1950
TSA America LLC Indianapolis, IN 46220 Fax 317576 9618  www.tsageartools.com
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New Gear Qils

from Shell Lubricants

The Shell Omala, Omala HD and
Tivela S gear oils from Shell Lubricants
that will be introduced at Gear Expo
are specially designed to prolong gear
life and reduce unscheduled downtime.

The Shell Omala is a mineral-based
highly loaded
gearboxes operating under normal tem-
peratures. Additional features include
improved water separation properties that
are critical in wet environments such as

gear oil suitable for

mining and steel and paper mills.

Measure Up?
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The Omala HD is a high performance
synthetic oil based on poly-alpha-olefin
(PAO) and other specially selected addi-
tives. Improved thermal and oxidative
stability minimize sludge formation, and
increased viscosity helps increase oil
life and reduce maintenance costs, while

its anti-wear performance offers longer
gearbox life in steel-on-steel applica-
tions. This oil aims to provide low fric-
tion properties, reduce power losses and
lower operating temperatures.

The Shell Tivela S is a high per-
formance synthetic gear fluid based on
polyalkelene-glycol (PAG) technology
and specially selected additives designed
for use in enclosed, sealed-for-life and
worm-helical gear units operating at
higher temperatures. In addition, the gear
oil has a low friction coefficient, which
leads to reduced power losses and lower
energy consumption when compared to
mineral oils. This thermal and oxidative
stability inhibits sludge formation and
viscosity variations for longer service life
and reduced maintenance requirements.

Visit Shell Lubricants at Gear Expo booth
#103.

For more information:

Shell Lubricants

700 Milam St.

Houston, TX 77002

Phone: (713) 546-4560

Fax: (713) 546-6675

Internet: www.shellus.com
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Arrow Gear Introduces
Curvic Couplings

Arrow Gear has introduced a line
of curvic couplings for aircraft engines,
helicopters and high precision commer-
cial systems.

According to the company’s press
release, Arrow previously focused on
producing high precision gearing prod-
ucts, including spiral bevels, spurs, heli-
cals and complete gearboxes.

“Arrow has had the capability of
cutting curvic couplings for the past sev-
eral years,” says Joe Arvin, president of
Arrow Gear. “However, recent additions
of specialized software and machine tools
have allowed us to perform precision
grinding on these products. We feel the
investment of over a million dollars will
translate into a significant volume of
curvic coupling work for both new and
existing customers,” he says.

Arrow has a Gleason Phoenix 600 on
order and scheduled for delivery in the
first quarter of 2006. The new Phoenix
was ordered with capabilities for cur-
vic couplings as the main requirement
and will also be used for production of
ground tooth spiral bevel gears.

James J. Cervinka, co-founder of
Arrow Gear and chairman of the board,

says this commitment to reinvestment in
the company is a long-standing Arrow
Gear philosophy: “This is another exam-
ple of our dedication to servicing our
customers and investing in the latest
manufacturing technologies, which keeps
us at the forefront of the competitive
market.”

Visit Arrow Gear at Gear Expo booth #572.

For more information:

Arrow Gear Co.

2301 Curtiss St.

Downers Grove, IL 60515
Phone: (630) 969-7640

Internet: www.arrowgear.com

Visit us at Gear Expo 2005, Booth #624

TAKE A BITE OUT OF YOUR GEAR COST
WITH TEETH LIKE THESE, GEAR €O

Wejght Savings — As a blank, 1his lorge spur
gear wejghed 53 lbs. As a forged tooth gear with
1 millimefer of stock on the footh profile for
hobbing, it wejghs just 37 bs.

=] p_ -
..- 2

© 2004, Presrite Corporation

PRESRITE NEAR-NET GEARS GIVE YOU THE
STRENGTH OF A FORGING WITH

LITTLE OR NO MACHINING.

A PROCESS MANAGEMENT N

Building A Better Business

QS-9000 and /1S5S0 9002

Presrite (orporation
3665 £ 76 St. @ Clevelond, OH 44105
FPhone: (216) 441-5990

Fox: (216) 4412644
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EXPO PRODUCT S N

New Single Stroke Honing

Tooling from Sunnen
The new High Performance Single
Stroke Honing (HPH) Tools from Sunnen
Products Co. offer fast stock remov-
al, consistent bore geometry and can
economically optimize high production

applications.

The plated-diamond HPH tools are
manufactured with high strength steel
as opposed to the typical cast iron. In
addition, all tools incorporate an expand-
able, superabrasive sleeve mounted on a
tapered mandrel for precision bore sizing
and finishing. The tools are designed

Reishauer Corporation

so that after the final pass, the bore is
accurately sized, straight and round with
the desired surface texture. Water- or
oil-based coolants are both acceptable
for use.

The honing tools perform best on bore
diameters ranging from 6.325-25.057
mm. They are compatible with Sunnen’s
VSS Single Stroke System as well as
models from other manufacturers.

The SV-10 Automatic Cylinder Hone
will also be displayed at the company’s
booth. This machine has a patented, full-
bore profile display illustrating a real-time
visualization of the bore’s geometry and
includes a zoom feature. Operators can
dwell the honing tool anywhere through-
out the bore. A dwell taper can be moved
to the position where the bore is visually
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smaller to the correct taper.

With two motors, one for the spindle
and one for the strokes, the hone can
run with standard tools as well as with
Sunnen’s DH Series diamond hone head.
The DH Series diamond hone is usually
used with round cylindrical bores.
stroke guarantees
precision surface finish with consistent
crosshatch angle in each cylinder regard-
less of the tool used.

Variable spindle rpm and stroke speed
allow an infinitely variable crosshatch
angle bore diameter and cylinder length
combination for low-tension piston rings.

A mechanical

Visit Sunnen at Gear Expo Booth #302.

For more information:
Sunnen Products

7301 Manchester Ave.

St. Louis, MO 63143

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

New Burnisher

A new semi-automatic quick change-
over burnishing machine from ITW
Heartland Gears will debut at the compa-
ny’s booth at Gear Expo.

According to Jim Pospisil, general
manager at ITW, the new machine is
designed for Tier I suppliers and smaller
gear shops.

“We normally do high volume work.
For a while, we’ve been looking at offer-
ing equipment that might fit smaller man-
ufacturers. This should work for lower
volume producers with a variety of gears
to burnish,” he says.

Features include the ability to change
gears in five minutes and run another
gear.

ITW will also show its standard 3500
gear analyzer for process inspection
applications at the expo.

Visit ITW Heartland at Gear Expo Booth
#272.

I EXPO PRODUCTS

For more information, contact:
ITW Heartland Gears

1104 Highway 27 West, Unit 4
Alexandria, MN 56308

Phone: (320) 762-8782

Fax: (320) 762-5260

E-mail: itwgears@itwgears.com
Website: www.itwgears.com

Rotek
Engineered
Seamless Rolled Rings

Rotek Incorporated offers a wide selection of seamless rolled rings

in aluminum grades, and in carbon, stainless and alloy steels. All are
certified, all are traceable. Rings can be produced in diameters from

18 inches to 160 inches, heights to 20 inches and weights to 8,000
pounds. Available profile configurations range from simple rectangular
cross sections to complex shapes, including flanges, grooves and tapers.

At Rotek, we have one purpose in mind: to produce high-quality
rings designed for optimal performance in a specific application.
We achieve this goal through three basic principles:

Employ our metallurgical and engineering expertise gained in over
forty years of design for rolled rings for slewing ring bearings.

Provide a superior production process by maintaining a manufacturing
facility that utilizes state-of-the-art equipment and processes.

Provide complete heat treating and machining capabilities to supply
rings in the stage of completion that meets our customers’ needs.

For more information on how Rotek can meet your rolled ring requirements contact:

Rotek Incorporated

A ThyssenKrupp Technologies company

1400 South Chillicothe Road * Aurora, Ohio 44202 « 1-800-221-8043
Visit us at www.rotek-inc.com
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INDUCTOHEAT

An Inductotherm Group Company

RADYNE

An ks [ Group Compass

Heat treat a wide range of gears and sprockets of all shapes  Gear heating equipment can be configured to mest your

and sizes to different hardness profiles using single, dual, application needs:

simultaneous dual pulse or variable frequency for: e Clamp-transfer —

* Profile hardening of gear teeth * Pick & Place Visit us at

* Through hardening of gear teeth e Lift/Rotate

* Tooth-by-tooth hardening  Rotary Index Gear EXpO
« Vertical Scanner Booth #409

Our variable frequency power supplies allow you to select * Robot Load/Unload

the ideal frequency for a given coil diameter and gear

geometry without going inside the cabinet to change electri-  For over 40 years customers have used our in-house R&D

cal components. Once a desired frequency is selected, the resources to successfully develop gear heat treating solu-

power supply automatically tunes to that frequency. tions. With over 6,500 square feet, an extensive amount
of specialized equipment, metallurgists and other qualified
personnel, our laboratory is ready for your next project.

For more information, call 800-624-6297 or visit www.inductoheat.com or www.radyne.com

INDUCTOTHERM | Processing &
GROUP egrials Industry Worldwide.
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The Unofficial Guide to Gear Expo

FOOD SERVICE AREA

Gear Expo 2005—
The Worldwide Gear Industry Event
October 16-19, 2005
Cobo Conference/Exhibition Center
Detroit
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“Most of the people we talk to are extremely busy.
Business is good, and they’re looking forward to the

show.”

~
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—Kurt Medert, AGMA VP, business management division

ENTRANCE
As of August 30, 2005

ANCA Inc. 656

Ancon Gear & Instrument Corp. 649
AW Systems Co. 517 Ann Arbor Machine Gear Technologies 348
ADF Systems 636 Applied Process Inc. 639
Aerostar Manufacturing 717 Arrow Gear Co. 572
AGMA 400 Ash Gear & Supply Corp. a7
AGMA Solutions Center 172 B&R Machine and Gear Corp. 516
ALD-Holcroft 647 Balzers Inc. 609
All Horng Gear Industry Co. Ltd. 416 Barit International Corp. 362
American Bearing Manufacturers Assoc. 346 Bevel Gears (India) Pvt. Ltd. 515
American Metal Treating Co. 544 Bodycote Thermal Processing Inc. 731
American Precision Gear Co. Inc. 637 Broach Masters/Universal Gear Co. 618
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Broaching Machine Specialties 418 DSM Engineering Plastics 606
BuyPassDealer.com 660 DuPont 448
Cadillac Machinery Co. Inc. 210 Dura-Bar 534
Capstan Atlantic 715 Emuge Corp. 500
Carnes-Miller Gear Co. Inc. 617 Engineered Abrasives 429
Chamfermatic Inc. 462 Enplas (U.S.A)) Inc. 126
China Machinery Pufa Industry & 707 Euro-Tech Corp. 325
Trade Co. Ltd. Extrude Hone Corp. 727
Cliford-Jacobs Forging Co. Inc. 438 Fairfield Manufacturing Co. Inc. 364
Comtorgage Corp. 658 Fassler Corp. 100
Conwed Global Netting 539 Forest City Gear Co. 138
Comell Forge 616 Gear & Broach Inc. 734
Creative Automation Inc. 706 Gear Product News magazine 210
CST-Cincinnaf 316 Gear Solutions magazine 449
Custom Gear & Machine Inc. 401 Gear Technology magazine 210
DCM-Tech Inc. 542 GearHelp LLC 565
Delta Research Corp. 675 Gearspect USA 204
Detroit Metro Convention & Visitors Bureau 702 Geiger Maschinen GmbH 300
DIGIT Gaging Solutions Inc. 508 Gleason Corp./Gleason 499
Dr. Kaiser/S.L. Munson & Co. 630 M&M Precision Systems USA

Dragon Cutting Tools (DTR) 564 Great Taiwan Gear Ltd. 308
Drake Manufacturing Services Co. Inc. 645 Gidel Inc. 746

New Technology Broaching Seminar - Oct. 11th 2005 Dearborn, Michigan = 9am-3pm Lunch Provided

Make Broached Parts, Faster, Better, and at a Lower Cost per Part with Reliable Automated Process and Tooling innovation

Also visit us at the coming
EMO show in Hannover
14-21, September 2005

for broaching talk

North American Sales and Serviccby BROACHMAN

Phone 231-768-5860 . Cell 231-388-1402 . Fax 231-768-4381 . Mail ken@broachman.com

Innovative Broaching Processes

Metals, Gold-Star Coatings, On-Lirie Services Inc, and Katexim Europe. For more information call Ken Nemec @ 231-768-5860. There is no fee for this seminar, all are invited.

Seminar focus

B Loweting the cost of broaching through innovation & technology
B [mproving part quality characteristics

W Better broaching systems & cell integration

W Better broaching tools through improved mfg & design

B [nnovative designing processes

M The importance of CNC mfg

B New coatings & surface treatrent

B Improvements in tool steel & heat treating process are extending tool life
B CNC gear inspection, processes, practices, and procedure

W Water soluble solutions in broaching

The Long Life broaching process provides a range of benefits
Significantly increased life time for your broach tools
Improved tolerances and surface quality of your broached parts
Optimal vibration conditions for the broaching tool

Higher quality than thought possible in the broaching process

|

| |

||

M No pits — no stands — direct floor-mounting

]

B Eliminate runout, concentricity issues, and lead error prokblems
u

Lower cost per part broached, with less capital investment
Attend a serinar of schedule a plant visit by our sales team

Seminar directions & registration - www.broachman.com

Serninar sponsored by Stenhaj Hydraulik, Berghaus Broach Tool, & Broachman in cooperation with Process Equipment Company, Triple E Mfg,, Parma Broach, Bohler Uddeholm Specialty

@ STENHOJ

www.stenhoj.dk

22 SEPTEMBER/OCTOBER 2005 ¢ GEAR TECHNOLOGY » www.geartechnology.com ® www.powertransmission.com



http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.broachman.com

WENCEL

New Solutions in
Gear Metrology...

WGT350 or 500

Fast and intelligent gear measurement
Full range of machine sizes to 2,000mm diameter
Air bearings on all linear and rotary axes
Solid granite construction provides optimum
User-friendly Windows-based software
More than just gear measurement

Koepfer America, LLC
North-American Representative

635 Schneider Drive

South Elgin, IL 60177
847.931.4121 telephone
847.931.4192 fax
www.koepferamerica.com
sales@koepferamerica.com
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 SHOP HARDENED Visit us at Gear Expo 2005,
« LOWEST COST IN THE INDUSTRY Booth # 648

90/Days at NO CHARGE

TOLL FREE: (800) 755-0516
FAX: (513) 752-5599 ¢ EMAIL: unitedtool1@aol.com

Visit us at Gear Expo 2005, Booth #504
PAULO Provides Innovative
Engineered Solutions in

Heat Treating, Brazing
and Metal Finishing
ISO/TS 169492002 Ford HTX

1S09001:2000 Madcap
Q5-9000 A39100

Ph:(314) 647-7500 Fax:(314) 647-7518

www.paulo.com sales@paulo.com
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Kapp Technologies 244
KISSsoft USA LLC 549
Klingelnberg GmbH 452
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Leistritz Corp. 414
Liebherr Gear Technology Inc. 452
LMT-Fette 546
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Machine Tool Builders Inc. 132
Marposs Corp. 543
Metal Improvement Co. 704
Metal Powder Products Co. 619
mG miniGears North America 403
Mitsubishi Gear Technology Center 116
Mohawk Machinery Inc. 567
Nanjing No. 2 Machine Tool Works Co. Ltd. 446
National Bronze & Metals Inc. 447
New Bharat Electricals 719
New England Gear 230
Nissei Corp. of America 407
Oak Ridge Metrology Center 514
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The Ohio State University (GearLab) 413
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On-Line Services 463
Paulo Products Co. 504
Peening Technologies 467
Pentiction Foundry Ltd. 739
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Management Summary

Currently, legislation is in place in the United
Kingdom to encourage a reduction in energy usage. As
such, there is an increased demand for machinery with
higher efficiencies, not only to reduce the operational
costs of the machinery, but also to cut capital expen-
diture. The power losses associated with the gear mesh
can be divided into speed- and load-dependent losses.
This article reviews some of the mathematical models
proposed for the individual components associated
with these losses, such as windage, churning, sliding
and rolling friction losses. A mathematical model is
proposed to predict the power losses on helical gears
highlighting the major contributor to losses in the gear
mesh. Furthermore, the mathematical model is validated
with a case study.

Introduction

To meet the increased demand for machinery with higher effi-
ciencies, suppliers must design equipment that reduces the opera-
tional costs of the machinery and cuts capital expenditure.

In the past, gears have been considered as highly efficient
in transmitting loads, but the requirements from the customer to
achieve a minimum efficiency target and penalties for noncompli-
ance are becoming more and more stringent. A reduction in the
power loss of a gearbox will cut the running costs of the equipment
as it becomes more efficient and also uses less lubricant to cool the
gear teeth. This in turn will reduce the size of the auxiliary equip-
ment, such as the lubrication pump, and will also lead to a reduction
in the heat exchanger capacity. All this will contribute to an overall
smaller footprint of the equipment, which saves space that can be at
a premium in some applications.

The power losses consist of speed- and load-dependent losses.
Speed-dependent losses can be divided into windage losses, churn-
ing losses, bearing churning losses and seal losses. The load-depen-
dent losses are made up of sliding friction loss, rolling friction loss
and bearing loss.

Speed-Dependent Losses

Windage losses. As gears rotate, lubricant is flung off the gear
teeth in small oil droplets due to the centrifugal force acting on the
lubricant. These lubricant droplets create a fine mist of oil that is
suspended inside the gear housing/case. The effect of this oil mist
is an increase in “windage frictional resistance” on the gears and
hence an increase in the power consumption. In addition, the expul-
sion of the oily atmosphere from the tooth spaces as the gear teeth
come into engagement creates turbulence within the gearbox and
increases the power consumption. The combination of these factors,
as well as the losses at the side faces of the gears, contribute to the
total windage losses. Factors that influence the magnitude of the
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windage loss include the rotational speed of the gear because power
losses rise with an increase in peripheral velocity. Other factors are
the tooth module, the amount of oil mist present inside the casing
and the diameter of the gears.

A mathematical model to predict windage loss was proposed
by Anderson et al. (Refs. 1-2). However, Anderson’s windage loss
equation accounted for neither the tooth module nor the helix angle.
Townsend detailed a windage loss equation which included an oil
mixture function ¢ and a gearbox space function A and is presented
here as Equation 1 (Ref. 3). The oil mixture function ¢ indicates the
state/type of atmosphere inside the gear unit with ¢ = 1 indicating an
oil-free atmosphere. The gearbox space function A is set at 1 for free
space and reduces to a value of 0.5 for a closely fitting enclosure, i.e.
the fitting of baffles or shrouds around the gear.

Py =n0.16-d,> +d * b7 -m"H10 9. A (D)

Oil Churning Loss. Townsend defined churning losses as the
action of the gears moving the lubricant inside the gear case and
referred in particular to the losses due to entrapment of the lubricant
in the gear mesh, which is more applicable to spur gears than to
helical gears (Ref. 3).

Factors influencing the oil churning loss are the viscosity of
the oil, as this resists the motion of the gears; peripheral velocity;
operating temperature; the tooth module; the helix angle; and the
submerged depth of the gears. All rotating components that are in
direct contact with the lubricant, i.e. dipped into the oil, contribute to
the churning losses, and the deeper the components are submerged,
the higher the losses. With larger helix angles, the power losses are
lower as the gear teeth slice through the lubricant rather than dis-
placing the lubricant along the whole gear face width. Other expres-
sions for determining churning losses have been proposed (Ref.
4). The British Standard BS ISO/TR 14179 Part 1 details churning
loss equations which had been modified for the effect of lubricant
viscosity, element diameter, the gear dip factor and the arrangement
constant (Ref. 5). These churning loss expressions were split into
three different sections, which are detailed in Equations 2—4.

Churning Loss for Smooth Outside Diameters (i.e. shafts):
737 f,-v-n*-D* . L
A, -10%

Churning Loss for Smooth Sides of Discs (i.e. gear side faces, both
faces)

P, = ()

_1474- 1, v-n'-DY
CLi *— A 01026

g

3

Churning Loss for Tooth Surfaces:

7.37- gi-v-ni3-Di4'7-bi-[

R,
Jtan(B) “)

PCLi = Ag . 1025
Load-Dependent Losses

Sliding friction loss. Principally, the instantaneous sliding fric-
tion loss is a function of the instantaneous sliding velocity and the
friction force, which itself is a function of the instantaneous normal
tooth load and the instantaneous coefficient of friction. The magni-
tude of sliding velocity depends on the position of contact along the
contact path with a peak velocity at the start of the approach. The
velocity reduces to O at the pitch point of the two mating gears and
rises again to a peak value at the end of the recess. The effect of the
sliding friction loss is an increase in power consumption, where the
magnitude depends on the point of contact. It is influenced by the
angular velocity of the gears, the ratio of the rolling velocities, the
point of contact, the contact ratio and the lubricant properties.

Anderson et al. analyzed the sliding friction losses along the
path of contact and postulated expressions for the instantaneous
sliding velocity and instantaneous friction force, where the friction
force was a function of the instantaneous coefficient of friction and
gear load. The sliding friction loss is dependent on the position of
contact during the engagement cycle (Refs. 1-2). While the model
proposed was specific for spur gears, the authors have modified the
expression for the instantaneous coefficient of friction to include
helical gearing. This was accomplished by modifying the expres-
sion for instantaneous coefficient of friction to take into account the
helical gear contact length.

The instantaneous sliding power loss is given as:

P(x)= 107 Vi(x)- Fg(x) 5)
where
F(x) = p(x) - w(x) (6)

The postulated expression proposed by Anderson et al. for the
instantaneous coefficient of friction for spur gears is detailed in
Equation 7 and was employed by the authors for this investigation
(Refs. 1-2). The coefficient of friction is given as:

w(x)
T @)

Wo Vs (x)-V; (x)?

G

W(x) =0.0127 -log

The contact length for helical gears, L, has been detailed and
was substituted by the authors into Equation 7 (Ref. 7). Therefore,
the modified equation for the coefficient of friction for helical gears
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is given as:

W(x) :=0.0127 - log| 3)

Wo Vs (x)- TV (x)?

The coefficient of friction used in this analysis is independent
of the gear surface temperature, which—strictly speaking—is inac-
curate. The expression in Equation 8 was substituted into Equation
6 to obtain the sliding power losses.

Rolling friction loss. The rolling friction loss is dependent on
the instantaneous rolling velocity and the instantaneous lubricant
film thickness. As the gear teeth come into mesh, an elastohydrody-
namic lubricant film is developed between the teeth in contact. The
action of the gear teeth during the engagement draws the lubricant
into the contact zone. The parameters that influence the rolling fric-
tion loss are the lubricant film thickness, the angular velocity of the
gears, the working pressure angle and the point of contact along its
contact path. The lubricant properties influence the buildup of the
lubricant film, its shear values and its thermal behavior. In addition,
the gear material and the normal tooth load also influence the film
thickness. In References 1-2, Anderson et al. postulated the instan-
taneous rolling friction force as:

Fp(x)=C,-h(x)-¢,(x)-b )
where the rolling power loss is given as:

P(x) =107 -V, (x)- Fp(x) (10)

This expression for instantaneous rolling force includes a
thermal reduction factor that accounts for the decrease in oil film
thickness as the pitch-line velocity increases (Ref. 6). A relationship
between thermal loading factor and reduction factor was presented
by Anderson et al. and employed by the authors of this investigation
(Ref. 1). The paper by Anderson et al. implied that prior to comput-
ing the thermal reduction factor, the thermal loading factor must be
determined. To account for helical gears, the expression of Equation
12 was modified by the authors, as the contact line length in helical
gears is not synonymous with the face width. The modified instan-
taneous rolling force is given as:

Fr(x)=C,-h(x)-0,- L, (11)

where L , has been defined as the contact length for helical gears.
The expression was substituted into Equation 10 to obtain the slid-
ing power losses.
Mathematical Model
The mathematical model employed for this investigation con-

ITEM DESCRIPTION

1 DRIVING MOTOR
2 SLAVE UNIT
3 TEST UNIT
4 TORQUE LOADER
5 ROTARY UNION

BACK - TO - BACK TEST LAYOUT

Figure 1—Schematic of the back-to-back arrange-
ment for the high-speed gear unit.

sisted of the following expressions:
1. The windage loss equation as employed by Townsend (Ref. 3).
2. Churning loss expressions as detailed in BS ISO/TR 14179, Part
1 (Ref. 5).
3. The rolling and sliding friction losses as postulated by Anderson
et al. (Ref. 1).
Model Validation

The gearbox used to validate the model was a single-stage,
double-helical, speed-increasing gear unit with oil film bearings of
the circular type. The inlet oil temperature was 49°C, and the maxi-
mum bearing temperature did not exceed 87°C. The input shaft and
the output shaft end were sealed by means of a shaft-mounted oil
flinger and non-contacting baffle rings in the housing. A lubrication
pump was driven via a set of reduction gears from the input shaft.
The pump supplied the lubricant for the gear sprayers and the force-
fed bearing. The gear unit was tested in a back-to-back arrangement
(see Fig. 1). A torque loader was fitted between the output shaft
coupling end of the slave unit and the output shaft tail end of the
test unit. The torque loader used for the experiment employed a
pressurized oil system. The oil was supplied via a rotary union (see
Fig. 1). The torque loader consists of an inner rotor and outer rotor,
which are supported in bearings. Oil is fed into the space between
the two rotors, creating a torsional load in the test rig. The bearing
losses in the torque loader were calculated separately beforehand
and subtracted from the motor input power prior to calculating the
gearbox efficiency.

The load conditions for the experiment included 25%, 50%,
75%, and 100% of full load (8.95 MWatts), at 100% input speed
(1,460 rpm). Experimental torque readings were taken with a tele-
metric system from the low speed shaft via strain gauges. Appendix
A details some gear data. It must be noted that the rig was run at full
load and maximum speed (1,460 rpm) for a period of four hours.
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Table 1—Experimental and Theoretical Results of Experiment I.
Power input (kW) 8952 6,714 4476 2,238
% load 100% 75% 50% 25%
Experimental total loss (kW) 12533 116.82 11235 106.75
Experimental total loss (kW) for gear 5508 50.15 50.16 4942
and windage only ’ : ’ ’
Predicted total loss (kW) 5741 533 49.86 4742
Breakdown of Losses
Sliding friction loss (kW) 10.88 6.672 3.05 0.34
Rolling friction loss (kW) 571 5.821 598 6.27
Churning loss (kW) 0 0 0 0
‘Windage loss (kW) 40.82 40.82 40.82 40.82
™
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Figure 2—Comparison between experimental gear and windage losses and
predicted power losses.

Prior to undertaking this test, the gear unit was visually inspected
to ensure gear contact markings were satisfactory full face and
full depth.

The mathematical model for the helical gears in this instance
was accomplished by doubling the face width. The oil mix function
was assumed to be ¢ = 3 and the gearbox space function was taken
as A = 1 as the gear case walls were sufficiently far away from the
gears to be considered as free space. No oil churning took place, as
this was a spray-lubricated arrangement. The experimental results
provided the efficiency for the complete gear unit; therefore, the
bearing losses, seal losses and absorbed power for the lubrication
pump had to be calculated from manufacturer’s information (see
Appendix B). The power loss calculations for the bearings assumed
the maximum clearance condition. As non-contacting seals were
employed, no power losses from the seals were assumed.

As the lubrication pump reduction gears were not separately
sprayed, the oil mist present inside the gear case was assumed suf-
ficient to provide lubrication. Again the same oil mix function and

gearbox space function were assumed. The total predicted power

losses were the sum of the losses from the lubrication pump and
the gearbox. Results are detailed in Table 1. A comparison between
predicted and experimentally determined power losses is shown in
Figure 2. The model predicts a steady decline in power loss corre-
sponding to a reduction in load.

It was observed that by increasing the power input at a fixed
rotational speed, the windage losses remained the same and the roll-
ing friction power losses decreased while the sliding loss increased.

Discussion and Conclusion

The mathematical model detailed in this paper has shown to be
valid, providing an indication of the contribution of each element
within a gearbox with helical gearing to the total power loss. The
predictions and the experimental results show a good correlation,
although the experimental results do not provide a breakdown of
the various power losses. In the breakdown of losses in Experiment
I, it can clearly be seen that the sliding friction losses are heavily
load dependent, increasing with load. However, the rolling friction
losses decreased slightly with an increased load, and this is due to a
decrease in oil film thickness. As the speed was constant during the
experiment, windage losses remained constant throughout the tests.

This investigation did not review or include new mathemati-
cal models for load-dependent bearing losses and speed-dependent
bearing churning and seal losses. O
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Appendix A—Gear Data.

Appendix A—Calculated Gear Data.
Units
Contact line length L mm 499.57
Pinion teeth number z, 115 -
ting diametes
Wheel teeth number z, 21 - Opera . ;edm“e ' v mms 78,811
Center distance a 609.6 mm
Gear contact tangential
Normal module m 8 mm load W, N 113,588.59
Normal pressure
) o 20 deg. Gear contact
angle normal load w, N 133,374.62
Helix angle B 25 deg. valent Y R
Do Fauivalers Young:s ., N/mn? 2747253
Face width b 285.75 mm helical
Pinion shjft N 0989 B Pinion torque T, Nm 58,551.58
coefficient !
Wheel shift X 0.181 -
coefficient 2
Pinion, Young’s E 207,000 N/mm? Appendix B—Bearing, Lubrication Pump and Seal Losses.
modulus !
‘Wheel, Young’s E 207,000 N/mm? Power input (kW) 8,952 6,714 4476 2,238
modulus 2
Pinion, Poisson’s % load 100% 75% 50% 25%
. ny, 03
ratio
Experimental total
isson’ 12533 116.82 112.35 106.75
Wheell,a}:imsson s , 03 loss (kW)
0
Specific heat C 544 JkgK
Power Loss in
Specific heat C, 544 J/kgK Each Bearing
Thermal conductivi K 46 W/mK ini i
v ! Pinion coupling 29 2137 1937 17.28
bearing (kW)
Thermal conductivity K, 46 W/mK
Pinion tail
bearing (KW) 229 21.37 19.37 17.28
Application
‘Wheel couplin;
Pinion speed n 1460 pm bearing (kl;v)g 393 367 343 309
Transmitted power P 8,952 kW .
Wheel tail 393 367 343 300
bearing (kW)
Lubricant
Lubricant factor - 1 for rf)ui?aa] Lubrication Pump
Viscosity ny 46 mm?/s 313 ;;g K Absorbed power (kW) 16.59 16.59 16.59 16.59
5 at
ny 21 mm’/s 333 deg K
Seal Losses at Each
Specific gravity o] 873 kg/m? Shaft (kW)
Dynamic viscosity n 001833 Pas Pinion coupling (kW) 0 0 0 0
Viscosi ‘Wheel coupling (kW) 0 0 0 0
iscosity-pressure o 220E-08 N
coefficient
Thermal conductivity K 1.25E-01 W/(m*K) Total loss (kW) 70.25 66.67 62.19 57.33
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/ Management Summary

The objective of this research is to develop a new lapping proc-
‘ ess that can efficiently make tooth flanks of hardened steel gears
smooth as a mirror. The lapping is carried out using a nylon helical

gear as a lap and using a simple mechanical device.
This paper first shows the lapping machine designed and
’ manufactured by the authors and the procedure and principle of the
lapping. As a result of the lapping tests, it becomes clear that the proc-
ess can make tooth flanks of hardened steel gears smooth in a short
time and that it is important to carry out the lapping using a nylon
gear with a large helix angle and high teeth (teeth with addendums
larger than their modules) under a condition of high rotating speed
and light load in order to prevent increasing of tooth profile errors.
Moreover, the lapping process was varied to include micro-
vibrations of the nylon gear. From the result, it is found that
the addition of microvibrations enables this process to also
reduce tooth profile errors of the work gears. The lapped gears’

running noise and load carrying capacity are considered, too.

/
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Introduction

It is known that the tooth flank rough-
ness of a gear influences its performance
in power transmission—that is, the load
carrying capacity of gears is improved, and
the running noise and vibration are reduced
by making the tooth flanks smooth (Refs.
1-2).

Gear finishing methods such as shav-
ing, hobbing with a carbide hob, grinding
and honing are used in the gear industry.
However, they generally require a highly
accurate machine tool, advanced technical
skills and a lot of time, or they require the
hardness of the work gear be restricted.
Furthermore, it is next to impossible to
make tooth flanks smooth as a mirror by
these methods.

We propose a new lapping process
that can productively make tooth flanks of
hardened gears smooth as a mirror. The
lapping process is carried out using a nylon
helical gear as a lap on a simple mechanical
device.

This paper will first show the mecha-
nism of the lapping machine designed and
manufactured by the authors and the pro-
cedure and principle of the lapping. Next,
the lapping tests were performed on high-
ly accurate ground gears. The test results
showed that: 1.) the process could improve
tooth flank roughness of hardened gears in
a short time and 2.) the lapping conditions
to prevent increases in tooth profile errors
were clarified. Therefore, we could get
highly accurate gears with smooth tooth
flanks, as shown in Figure 1, the lapped gear
on page 38.

Also, by vibrating the nylon gear, the
lapping process could improve the tooth
profile and the tooth flank roughness of
hobbed gears. Running noise and load car-
rying capacity of the lapped gears were
investigated as well.

Lapping Machine

and Procedure of Lapping Process

Figure 2 shows the lapping machine
that was designed and manufactured by the
authors. A work gear is meshed with the lap,
a nylon helical gear, and they are rotated at
high speed by the driving motor. Lapping
load is applied by means of braking the
driven spindle. Lapping fluid that contains
abrasive grains is splashed between the
tooth flanks of nylon and work gears as they
rotate. The work gear is given a traverse
motion at low speed along the axis in order

to finish the whole flank.

The specifications of the work gear and
the nylon gear are shown in Table 1. The
work gears are spur gears with modules of
4, 25 teeth, and face widths of 10 mm. The
work gears’ tooth flanks were accurately
ground after carburizing and hardening or
induction hardening. The carburized gears
and induction-hardened gears are made
of chromium-molybdenum alloy steel JIS
SCM415 and JIS SCM435, respectively.
The hardness of the tooth flanks are 860 HV
and 640 HV, respectively.

Also, their tooth profiles, tooth traces
and tooth flank roughnesses are of similar

accuracy. An example is shown in Figure
3. The tooth profile measuring position is
at the center of the face width. The tooth
trace was measured on the pitch circle. The
roughness was measured along the tooth
profile near the pitch circle. The tooth pro-
file and tooth trace are highly accurate. The
tooth flank roughness has a maximum peak-
to-valley height R) of 1.5-2 pm, which can
translate to an average surface roughness
(R) of 0.24-0.31 pm.

The test gears were ground using a
Reishauer RZ300 E. This machine is a
fairly common gear grinder in the United
States and can achieve the above R . It may

Nylon helical gear

Figure 2—Lapping machine.

Driving motor

Table 1 — Specifications of Work and Nylon Gears.

Tooth profile

Tooth trace

Roughness

Work Gear Nylon Gear
Module 4 4
Pressure Angle (deg.) 20 20
Helix Angle (deg.) 0 30 (R, L)
Number of Teeth 25 19
Face Width (mm) 10 34
. SCM435 (640 HV)
Materials SCM415 (860 HV) Nylon
Tooth Flank Condition Ground Hobbed
. £
Tip Root 1] 2.5 mm
2 (I

SR i
i ‘*ﬂ‘?ﬁ-" il -]Jﬂf'faﬂ,w ¢ o2mm

Figure 3—Tooth profile and roughness of ground gear.
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Figure 4—Tooth profile of nylon gear.

Table 2—Nylon Properties.

Specific Gravity

Tensile Strength

Elastic Modulus

1.15-1.17

78-96 MPa

2.9-3.4 GPa

Tahle 3—Lapping Conditions.

Abrasive Grain

WA1000, GC6000

Rotating Speed of Work Gear (rpm)

610; 1,210; 2,290; 3,420

Traverse Feed Rate (mm/min) 300
Stroke (mm) 1"
Load (N) 3.8,7.6,15.2

a) Roughing (WA500)
Figure 5—Lapped tooth flanks.

b) Finishing (WA2000)

Figure 6—Tooth flank of nylon gear.

40 pm

Figure 7—Abrasive grains embedded in nylon
gear.

be difficult to achieve it in a normal pro-
duction environment, though. An average
roughness (R)) of 0.4-0.5 um may be more
easily obtained in regular production with
a threaded wheel grinding machine, like
the Reishauer machine. However, this
slightly rougher finish would not affect lap-
ping time, cost, or other results presented in
this paper.

The nylon helical gears were hobbed.
Their tooth profiles were not highly accu-
rate, as shown in Figure 4. The nylon gears
are easily machined. The nylon’s properties
are shown in Table 2.

Table 3 shows the lapping conditions
used in the experiments. This process con-
sists of a roughing by coarse abrasive grains
and a finishing by fine abrasive grains. A
helical gear with right-hand teeth is used in
the roughing, and a helical gear with left-
hand teeth is used in the finishing. Since
each direction of the lapping crosses the
other as shown in Figure 5, the time for
finishing becomes shortened. Lapping fluid
for roughing consists of 200 cc of min-
eral oil and 5 g of alumina abrasive grains
(WA1000). That for finishing is about 14%
Carborundum abrasive grains (GC6000).

The rotating speeds of the work spindle
are 610; 1,210; 2,290; and 3,420 rpm. The
traverse speed and stroke of a work gear are
fixed at 300 mm/min and 11 mm, respec-
tively. Consequently, the lapping takes
about four seconds per stroke. The lapping
loads on the pitch cylinder of the work gear
are 3.8, 7.6 and 15.2 N.

Principle of lapping process. Figure
6 shows an example of tooth flanks of a
nylon gear after lapping six work gears with
WAS500. A section that became dark dur-
ing the lapping can be seen on the surface.
Figure 7 is a photograph of the darkened
section enlarged by SEM. It was found that
the surface became rough, and abrasive
grains were embedded in it. Chips from lap-
ping are shown in Figure 8. They look like
chips from grinding. These figures show
abrasive grains embedded in the surface of
a nylon gear after they’ve worked between
the tooth flanks of the work gear and nylon
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gear. The nylon gear, in effect, acts like a
grinding wheel.
Lapping Tests

of High Accuracy Ground Gears

Increases in tooth profile error. Figure
9 shows the tooth profile, tooth trace and
tooth flank roughness of a carburized gear
lapped using WA1000 abrasive grains, a
nylon gear with a helix angle of 30 degrees,
a work spindle speed of 1,210 rpm, and a
lapping load of 15.2 N. The roughness was
reduced to an R of about 0.5 pm through
seven strokes of lapping, about 30 seconds.
However, a concavity is found near the pitch
point on the tooth profile. It was supposed
that a heavier load caused the concavity near
the pitch cylinder during the engagement of
one pair of teeth.

Therefore, we tried to lap a carburized
gear with a lapping load of 3.8 N and a
work spindle speed of 2,290 rpm. The
roughness was reduced to an R of about 0.5
um through two strokes of lapping, about
eight seconds. The tooth profile is shown in
Figure 10. A concavity does not occur near
the pitch point.

Figure 11 shows the tooth profile of an
induction-hardened gear lapped under the
same conditions as Figure 10. The hardness
of the tooth flanks is lower than that of the
carburized ones. A concavity occurs on the
dedendum flank near the root. The same
concavity occurred on the carburized gear
lapped under a load of 7.6 N.

Figure 12 shows the calculated sliding
velocity at every degree of rotation on a
tooth flank of a work gear meshing with a
nylon gear under a rotating speed of 2,290
rpm. The helix angles of the nylon gear
were 30 and 15 degrees. The radius of 50
mm indicates the tip of the tooth in the fig-
ure. With this figure, it is clear that on the
dedendum flank near the root, the sliding
velocity is higher and the interval between
the dots is smaller—that is, the movement
of the contacting point is also slower than at
other positions.

Consequently, it was supposed that the
removal amount near the root is larger so the
concavity occurred there. With the smaller
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Figure 9—Tooth profile and roughness of lapped gear.
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2,290 rpm; 3.8 N; WA1000; 2 strokes; SCM415 (860 HV)
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Figure 10—Tooth profile of lapped gear.

Ti Root
£ g 2.5 mm
[ — ] —

2,290 rpm; 3.8 N; WA1000; 2 strokes; SCM435 (640 HV)

Figure 11—Concavity on dedendum flank.
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Figure 12—Sliding velocity on a tooth flank of a work gear.
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2,290 rpm; 3.8 N; WA1000; 2 strokes; SCM435 (640 HV)

Figure 13—Effect of nylon gear with high teeth.
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Figure 14—Effect of nylon gear with high teeth.

helix angle, the difference in sliding veloc-
ity along the tooth profile is larger. This
resulted in the occurrence of a concavity.
The same concavity also occurred on the
carburized gear with a longer lapping time.

Prevention of the concavity near the
root. In order to prevent the concavity near
the root, we tried to lap an induction-hard-
ened gear using a nylon gear with high teeth
under the same conditions as Figure 11. The
tooth flank roughness was reduced through
two strokes of lapping. The tooth profile is
shown in Figure 13. A concavity was not
found.

Figure 14 shows changes of the profile
error after every four seconds of lapping
time, as compared with the case of using
a nylon gear with full-depth teeth. When
lapping with a nylon gear with full-depth
teeth, profile error increases rapidly because
of the occurrence of a concavity near the
root. However, there is little change until
three strokes of lapping (12 seconds) in the
case of a nylon gear with high teeth. When
a nylon gear with high teeth (see Fig. 15) is
used, the contact ratio increases and three
pair of teeth contact, so the load near the
root shown in Figure 16 is decreased. This
decrease means the concavity does not
occur readily.

Figure 17 shows the tooth profile and
the tooth flank roughness of a carburized
gear after a roughing using a nylon gear
with high teeth and a finishing using a nylon
gear with full-depth teeth. The roughness
is reduced in comparison with that before
lapping, and no concavity is found on the
tooth profile after four strokes of roughing.
In the finishing stage, it took four strokes
to remove roughing traces using GC6000
abrasive grains under a lapping load of 7.6
N. The roughness is reduced further through
the finishing, but a small concavity is found
near the root. Therefore, it is necessary to
use a nylon gear with high teeth when fin-
ishing with fine grains.

Figure 18 shows changes of tooth flank
roughness and profile error of carburized
gears lapped using WA1000 abrasive grains
under rotating speeds of 610-3,420 rpm.
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It is clear in these figures that the rough-

ness more rapidly decreases as the rotating
speed increases, and the profile error
increases at low rotating speeds because of
long lapping time.

Lapping Process with
Microvibrations Added to the Nylon Gear

We next tried to improve the tooth
profile and tooth flank roughness of hobbed
gears through this lapping process by adding
microvibrations to the nylon gear.

The lapping tests were carried out using
a new lapping machine and hobbed gears
having the same dimensions as mentioned
above. The amplitude and frequency of
the microvibrations were fixed at 0.2 mm
and 88 Hz, respectively. The lapping was
carried out under a lapping load of 15.2 N.
The rotating speed of the work spindle was
2,000 rpm. These work gears were finished
with a carbide hob after they were hardened
to 350 HB.

New lapping machine. The newly devel-
oped lapping machine is shown in Figure
19. It has basically the same mechanism as
the one shown in Figure 2. Microvibrations
can be added to the driven spindle along
the axis by means of an eccentric cam on
the new lapping machine. And the driving
spindle is located above the driven spindle
so that a work gear can easily be attached
or removed.

Effect of microvibrating nylon gear.
Figure 20 shows the comparison of the
removal amounts based on the presence or
absence of microvibrations during the lap-
ping process. The removal amounts were
measured through the weight of the work
gears before and after the lapping process.
It is clear from the figure that the addition
of microvibrations increases the removal
amount.

Figure 21 shows changes of tooth pro-
file and tooth flank roughness via lapping
with microvibrations. The gear was rough
lapped using abrasive grains WA1000
and finish lapped using abrasive grains
WA2000, respectively, for 16 seconds. It
was found that the lapping with microvibra-
tions improves the tooth profile as well as

Figure 15—High tooth.

Nylon gear

Rotating (w Work gear
Figure 16—Contact of a work gear and a nylon gear with
high teeth.
Ti Root
P g] 2.5 mm
r~ ; o L |
Tooth profile N
S
| 0.2 mm
wﬁhﬁfﬂﬂwh i ci-:|
Roughness
a) After roughing (3.8 N; WA1000; 2 strokes)
Tip Root
r - T —

Tooth profile
r-—q‘_'ﬁn ﬂ“"“‘_‘_—-..-—'"’-.‘*__

Roughness
b) After finishing (7.6 N; GC6000; 4 strokes)

Figure 17—Effect of nylon gear with high teeth when made of SCM435 {860 HV) and
rotating at a speed of 2,290 rpm.
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Figure 18—Effect of rotating speed.
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Figure 19—New lapping machine.
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Figure 20—Effect of microvibrations on removal amounts.
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Figure 21—Effect of microvibrations.

the tooth flank roughness.

Effect of lapping. In addition, we inves-
tigated the running noise and durability of
a pair of gears lapped under the aforemen-
tioned conditions. The numbers of teeth of
the driving gear and the driven gear were 23
and 25, respectively. The running tests were
carried out using a power-circulation-type
gear testing machine with a driving gear
rotation speed of 3,580 rpm. Applied pitch-
line load was 1,188 N/cm, which gave a
maximum Hertzian stress of 745 MPa.

Figure 22 shows the spectral distribu-
tions of the running noise for the lapped
gears compared with that of a pair of hobbed
gears. The sound pressure level of the
lapped gears is lower at all frequencies. The
difference is larger at higher frequencies.

Figure 23 shows changes in the pitting
area ratio. The pitting on the lapped gears
occurs later and increases more slowly than
on hobbed gears.

Conclusions

We investigated the lapping process
using a nylon lap and a simple mechanical
device for finishing gear tooth flanks. Based
on the results, the following conclusions are
obtained:

1. In this process, abrasive grains embed
in the surface of a nylon gear when
they’re injected between the tooth flanks
of the work gear and nylon gear. The
nylon gear, in effect, works like a grind-
ing wheel.

2. The process can improve tooth flank
roughness of hardened steel gears to an
R of less than 0.5 pym in a short time
despite using an inaccurate lap.

3. In lapping under a low rotating
speed and a heavy load, a concavity is
apt to occur near the pitch cylinder dur-
ing the engagement of one pair of teeth.
As the rotating speed increases, the
removal amount near the root is greater,
so the concavity occurs there.

4. It is important to complete lapping in
a short time using a nylon gear with a
large helix angle and high teeth under a
high rotating speed and a light load in
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order to prevent increases of tooth pro-

file errors.

5. The addition of microvibrations to the
process increases the removal amount
and enables the process to improve tooth
profile errors.

6. The running noise and the pitting rate of
work gears are reduced through the lap-
ping process."::oI

This paper was presented at the ASME/
AGMA 2003 International Power
Transmission and Gearing Conference,
held Sept. 3-5, 2003, in Chicago, IL,
and was published in Proceedings of
the 2003 ASME Design Engineering
Technical Conferences & Computers and
Information in Engineering Conference.
It’s republished here with permission
from ASME.
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what To Know About

Bevel qear grind

Dr. Hermann J. Stadtfeld is managing
director and co-founder of BGI GmbH &
Co KG. Located in Eisenach, Germany, the
company specializes in development and
application of bevel gears for the automo-
tive industry. Before BGI, Stadtfeld was
a vice president and head of research &
development for Gleason Corp. Effective
Dec. 1, he will return to Gleason as its vice
president—bevel gear technology. Previously,
he’s also served as director of engineer-
ing and research with Oerlikon GearTec
AG in Ziirich, Switzerland. His technical
education began with an apprenticeship at
ZF Friedrichshafen AG, a major European
gear manufacturer. In addition, he received
his doctorate in mechanical engineering
from the Technical University of Aachen,

Germany, researching bevel gears for
his dissertation. Staditfeld has spent
more than 20 years developing soft-
ware, hardware and other processes

for gear design and optimization. He

also trains engineering students at uni-
versities and gear engineers in compa-
nies around the world.

For more information:

BGI GmbH & Co KG

Rennbahn 25

D-99817 Eisenach

Germany

Phone: +(49) 3691-684-386

Fax: +(49) 3691-684-374
office@bgi-auto.com
www.bgi-auto.com

Lng
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Guidelines are insurance against mistakes in the often detailed
work of gear manufacturing. Gear engineers, after all, can’t know all
the steps for all the processes used in their factories, especially those
used in the grinding of that most complicated type of gear: bevels.

And even when the steps are known, there are all the unwritten
guidelines, the ones acquired through experience rather than from a
design or manufacturing handbook. Those guidelines are numerous
and require time to think about and finally see, whether the time is
taken while standing on the shop floor or by going back to an office
desk.

Gear engineers’ work would be much easier if some of those
major guidelines were written down, as they are here:

Several technological and geometrical factors are important to
guarantee high-quality ground gears. The first factor is a smart strat-
egy for semi-finishing gears. This strategy requires gear manufactur-
ers to think about their processes in reverse order, making certain the
gears they want to work on at the start of step four are the ones cre-
ated by the end of step three. For example, uniform stock allowance
on the flank surface is important, but only if the semi-finish cutting
summary is derived from the finish grinding summary.

Also, sections of progressively increasing ease-off should not
be ground without preparing them in the previous cutting operation.
This applies particularly to universal-motion heel or toe sections as
well as to second-order protuberance and flank relief.

With heel or toe relief sections, a gear grinder sometimes has to
remove 50% or more stock if the sections are not prepared properly
during soft cutting. For example, a green gear may have a regular
stock removal of 0.13 mm. Variation from heat treat distortion may
add 0.07 mm in certain areas. Also, the hardened gear may require
removal of an additional 0.10 mm of stock within the relief section.
If the green gear isn’t cut properly, a worst case could require the
removal of 0.30 mm of stock in one grinding pass.

Possible results of such grinding include burn marks, new hard-
ening zones or a reduction of surface hardness due to the reduced
thickness of the case depth. The case depth of bevel gears in the
module range of 3-6 mm is recommended to be between 0.8-1.2
mm after heat treatment. The worst-case scenario would reduce the
case depth during grinding to 0.5 mm, perhaps less, reducing the
surface and subsurface strength.

Also, grinding of root relief, the so-called blended Toprem®,
leads to a critical condition on the grinding wheel because the small,
sensitive tip of the grinding wheel might have to remove 10-30%
more stock than the main profile section. Heavy material removal
of the tip of the wheel causes a deterioration of the protuber-
ance section and the edge radius after grinding only several slots.
Subsequently, the remaining slots have lesser or no root relief and
an unacceptable blend into the root-fillet radius. This effect cannot
be cured by redressing after some number of slots.

An important part of the semi-finish strategy for modern bevel
gear grinding is the root fillet area that is not ground. The optimal
protuberance of the cutting blades relieves the transition between
flank and root by a value equal to the stock allowance on the active
flanks. The cutting blades should have an edge radius 0.1 mm
smaller than the edge radius of the final grinding wheel profile. They
also should cut 0.1 mm below the theoretical grind depth.

The transition between the grinding profile and the unground
root area should be optimized on the drive side of both members,

using a grinding wheel tip extension and a setover, to get a smooth

blend of the ground to the unground root surface and clean up the
root radius to the area of 30° tangent.

The distortions due to heat treatment cause an unequal cleanup
along the face width and from slot to slot around the circumference.
Also, the first- and second-order corrections, applied after coordi-
nate measurement to achieve a correct flank geometry, influence
the angle of the ground root line versus the semi-finish cut root line.
This root-angle difference might result in a partially ground root
bottom.

This result is no problem as long as the slots’ average length
of ground root bottom is no more than 30%. Variations in cleanup
can result in as much as 70% of a single slot’s root bottom being
ground. Such a high percentage in a single slot is acceptable, though.
In that case, a slot’s root geometry variation would be as much as
100 microns. Variation up to this amount in a slot will not adversely
affect the performance of the gear set. Still, the average cleanup
percentage of all slots can’t be more than 30%.

If a face-milling geometry shows a high transition line between
root and flank that was generated by the profile generating process
and not by a too-large point radius of the tool, then an interference
of the top edge of the mating teeth can initiate surface damage and
noise excitation. This interference zone can be relieved via a sec-
ond-order protuberance, which is a radius that connects the grinding
wheel main profile and the edge radius with a tangential blend.

A finish-ground bevel gear set should have an R_equal to or less
than 5 um and an R equal to or less than 0.8 pm.

The ground surfaces of hypoid gears always carry the risk of
scoring during the initial wear-in period. To eliminate this risk, the
flank surfaces of at least the ring gear should be phosphated. The
risk of scoring may also be eliminated during the first operating
period through the use of synthetic hypoid oil. Nevertheless, the
risk of scoring in operation is reduced due to the enhancement of
the surface finish.

Keys to efficient grinding are the abrasive material and the
abrasive bond. Recommended for bevel gear grinding are grinding
wheels with an abrasive of sintered aluminum oxide with an 80 grit
and a soft ceramic bond with an open pore structure.

Three or four coolant pipes are directed tangentially to the
grinding wheel circumference with a coolant speed about equal to
the grinding wheel surface speed to apply a layer of coolant to the
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grinding profile surface just before its entrance into the grinding

zone. Additional pipes are located behind the grinding zone and
are directed opposite to the grinding speed to extinguish the sparks,
which would burn into the wheel bond and get into the grinding
zone.

In addition, the wheel’s surface has to be cleaned continuously
with a high-pressure coolant jet that’s connected to an extra pump,
supplying the coolant at a pressure of at least 300 psi. The high-
pressure jet has to be located about opposite the grinding zone and
has to shoot coolant perpendicular to the profile surface. Because of
centrifugal force, the chips tend to clog up the inside profile more, so
appropriate attention must be paid to the design and function of the
high-pressure cleaning system. The surface speed to achieve good
surface finish in connection with minimal grinding wheel wear is
20-24 m/sec, a rather low value for a grinding process.

In the automotive industry, bevel gear grinding requires one
rotation only, but each slot may be ground in two passes—the so-
called double roll. This roll consists of one pre-finishing pass, during
which the grinding machine moves the grinding contact from toe to
heel (uproll) and one fine-finishing pass, rolling from the heel back
to the toe. While a part is being ground, dressing should be done
after a rotation is finished, not during the rotation.

In contrast, some gears for high quality machine tools require
two rotations, and aircraft parts are ground in four or more rota-
tions.

In all cases, though, the rule is: After each rotation, the grinding
wheel should be redressed.

However, skip indexing should be avoided. This technique

was developed in order to distribute wear more uniformly around
the work, to avoid ramp-shaped spacing errors. Rather than grind-
ing successive slots, skip indexing skips a preset number of slots.
Consequently, grinding requires several revolutions to finish all
slots.

Subsequently, though, it was discovered that many acoustic
phenomena were caused by skip indexing. Experience with the tech-
nique showed that the resulting many small ramps generate noise
with amplitudes in the tooth mesh frequency, the gear rotational
frequency and with a frequency that corresponds to the number of
ramps per revolution. In some cases, there even appears to be an
additional modulation. Thus, wear compensation is the best way to
reduce ramp-shaped spacing errors and other wear patterns.

Dressing the grinding wheel requires a dress roller that is dia-
mond-plated and shapes a grinding wheel’s profile like in a round
grinding operation. But the wheel must not be dressed with a dress
roller using single-point dressing. This is the type of dressing in
which the dressing wheel is locked during dressing, so the relative
surface speed comes only from the rotation of the grinding wheel
(speed ratio: 0). Consequently, single-point dressing creates a flat
spot on the wheel. Dress rollers, however, are designed to dress
around wheel circumferences.

The wheel also must not be dressed when the roller’s surface
speed is equal to the wheel’s surface speed (speed ratio: 1.0). At that
ratio, the roller crushes the abrasive grain out of the wheel bond.

The crushing breaks complete grains out of the bond for the
most open-pore wheel surface structure possible. The grinding
improves the wheel’s ability to grind gears, though it also reduces
the structure’s pore size. However, the combination of crushing and
grinding is optimal.

The grinding between dress roller and grinding wheel surface
reduces pore size by changing the remaining crystal-shaped grains,
specifically by flattening their sharp corners, the ones towards the
surface. Consequently, very small flats are generated.

This flattening is beneficial because the grains’ original shape
is only good for roughing, not finishing. Their crystal shape can’t
accurately represent the grinding wheel’s dimensions and profile
shape. Consequently, the surface roughness of ground gears will be
high and not very accurate.

The very small flats can, however, accurately represent the
wheel’s diameter and profile shape. The changed crystals mean sur-
face roughness of ground gears will be low, coolant will be able to
access the grinding zone and removed material will be able to move
out of the grinding zone.

For high-productive grinding, a dresser speed ratio of 0.6-0.8
is recommended.

For the highest possible surface finish, the recommended speed
ratio is between —0.6 and —0.8. In that ratio range, the roller only
shapes the abrasive grains—it doesn’t crush them—and results in a
grinding wheel surface with minimum pores. Grinding wheels can
be dressed for this type of grinding by directing the roller speed
against the grinding wheel speed, which leads to high relative
velocities.

Gear manufacturers can also remove the grinding wheel’s wear
pattern from the gear finish by entering into the grinding machine’s
controller the number of teeth for fast wear and the percentage of
this wear from the entire amount of wheel wear.

48 SEPTEMBER/OCTOBER 2005 « GEAR TECHNOLOGY » www.geartechnology.com ® www.powertransmission.com



Wheel wear occurs rapidly during the first couple of slots and
then with near-linearity for the following slots. Modern grinding
machine controls have wheel wear compensation features that allow
total wear compensation for the entire part and a fast wear compen-
sation for the first slots. After total wear is compensated, the spacing
measurement will show whether the first slots require additional
compensation and whether that amount should also be removed
from the remaining slots.

After grinding a number of development gears, a manufacturer
can obtain the numbers needed for eliminating the wheel wear pat-
tern—specifically, the amount of fast wear on the wheel, the number
of teeth for this fast wear and the entire amount of wheel wear.

When finishing Formate™ ring gears, they should be ground
using Waguri grinding to make the process more stable and faster.

Normally, Formate gears are ground in a plunge-cut cycle. In
form grinding, that means the grinding wheel has simultaneous con-
tact with the whole flank surface of both flanks of a slot. Coolant
can’t reach the grinding zones, with the results being burning and
fast grinding wheel contamination with metal particles.

The process can be made stable, however, through a different,
additional rotation of the rotating grinding wheel spindle. This other
rotation should be about 0.3 mm eccentric in the plane of rotation
about the theoretical grinding wheel axis. The eccentric rotation’s
speed should be 200-500 rpm lower than the grinding wheel speed,
with a typical value of 2,000 rpm and the same hand of rotation as
the grinding wheel itself. This grinding technique is called Waguri,
after its inventor.

Waguri grinding is extremely fast. It can achieve grinding times
of one second per slot. A Waguri ground gear with 35 teeth is ground
more quickly than a conventionally ground pinion with 13 teeth.

Lapping both finishes a gear and pinion and mates them togeth-
er. Grinding doesn’t. This seeming deficiency can be an advantage
for gear manufacturers. When finished via lapping, the mated gear
and pinion must be kept together. When finished by grinding, gears
and pinions can still be dealt with individually. Their mating can be
delayed until assembly.

Before assembly, a gear and pinion can then undergo roll testing
to determine their axial pinion shim value. Afterward, they must be
labeled with the value and kept together. They are, in effect, mated
via roll testing.

By being able to delay mating, gear manufacturers that grind
have less complicated logistics and more flexible manufacturing
than those that lap.

Also, each gear set should undergo roll tests for three or five dif-
ferent axial pinion positions. These tests are recommended because
they often reveal a best pinion axial assembly position.

Moreover, roll testing should be combined with a structure-
borne noise evaluation. The noise test isn’t as important, though, for
ground gear sets in transaxle or power takeoff units because noise is
not an extremely critical issue for them.

Lastly, don’t be tempted to favor lapping over grinding for eco-
nomic reasons. Admittedly, grinding is slower and more expensive
than lapping. For example, grinding a pair of bevel gears requires
two grinding machines and two minutes for each gear. Lapping also
takes two minutes for each gear, but it requires only one lapping
machine. Moreover, the grinding machine cost per ground set is
about three times the lapping machine cost per lapped set.

However, rejected parts and customer complaints are 1% or

less for typical grinding production compared with 3-7% for lap-
ping, depending on the requirements for certain jobs. Rejected gear
sets include the cost of all previous operations plus the material.
Consequently, the cost related to this difference in reject rate often
makes grinding the more economical process.

Lapping remains competitive, though. Many United States bevel
gear manufacturers use it rather than grinding, having selected it
when grinding was still developing into a reliable finishing process
for higher-volume gear production. Today, a split even exists
between U.S. and European bevel gear manufacturers over lapping
versus grinding. The split is discussed on page 50.

The above guidelines have covered topics from grinding wheels’
abrasive bond to the transition line between root and flank of face-
milled gears, but this list isn’t all-encompassing. A major reason so
many unwritten guidelines are unwritten is because they’re infinite
in number and change with advances in materials, processes and
equipment. Still, these guidelines should help gear engineers to skill-

fully grind their bevel gears. o
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Reader Profile:

Name:

Mark Garfien, President, U.S. Gear Corp., Chicago, IL

About your career in the gear
industry:

“My dad started the company in 1962. I started working when I
was 13, and I’ve been here ever since. I love making things.”

On U.S. Gear’s success:

“We serve many of the major OEMs in the transportation
industry. We’ve also developed and market several of our own
products. Over forty years of experience, great engineering and
a company commitment to the best technology and equipment
keeps us globally competitive. To be competitive you have to
re-invent yourself.”

Your technology and equipment?

“We have nearly 600 machines used in the production
process. About 150 Gleasons, Mitsubishi CNC hobbers, a few
dozen Mazak and Mori Seiki turning machines, as well as
broaching, parts cleaning, chip spinning, and inspection equip-
ment...to name a few. We also have a separate heat-treating
division. Our budget for new equipment and technology aver-
ages several million a year.”

In the future?

“More emphasis on robotics and automation, new cutting tech-
nologies and a continuing focus on new market opportunities.”

Your thoughts on Gear Technology
magazine:

“I’ve been reading Gear Technology over twenty years—since
it started. It’s the only magazine that I read every issue. And I
frequently refer to back issues. I rely on it to get new ideas on
making better gears, and it’s one of my most important tools to
find new equipment and suppliers. Gear Technology knows its
readers and focuses on their needs.”

Gear Technology. The magazine gear industry
buyers rely on.

To learn more about Gear Technology, visit www.geartechnology.com or call 847-437-6604.
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it’s common prac-
tice to measure the
gear over pins or
anvils. Thisis often
called a measure-
ment over wires
(MOW). As the
teeth get thinner,
this measurement

them. But measuring Taaestd B s o T PR RO - e i i VL. S becomes smaller.
pitch diameter is a ) ace e i 0z Figure 2 shows an
fallacy. e ol Finished gear MOW operation.

When a  gear figure 1—Hypothetical tool with zero backlash and finished gear. (Extracted from AGMA 913-Ag8 with 1 1is  illustration
inspector takes a AGMA permission.) appears as Figure
gage and uses its 6-1 in ANSU/

anvils or pins on diametrically opposed
tooth spaces, what he’s actually measur-
ing is changes in tooth thickness.

Pitch diameter is the diameter of a
pitch circle. The standard (reference)
pitch circle is defined as: “The circle
which intersects the involute at the point
where the pressure angle is equal to the
profile angle of the basic rack.” The stan-
dard pitch diameter, D, is the diameter of
this standard (reference) pitch circle and
is obtained by D = N/P  or—in the metric
system—by D = Nm, where N is the num-
ber of teeth, P, is the standard transverse
diametral pitch, and m is the module.
See the American Gear Manufacturers
Association standard ANSI/AGMA
1012-F90, Gear Nomenclature Terms,
Definitions, Symbols, and Abbreviations.

Therefore, the standard pitch diam-
eter is actually a reference dimension that
doesn’t change as long as the number of
teeth and the diametral pitch or module
don’t change. The standard pitch diam-
eter shouldn’t have a tolerance and
isn’t measured.

When manufacturing a gear, the cut-
ting or grinding tool may be fed in or out
to make a size change. What this actually
does is make the teeth thicker or thinner,

at the standard pitch circle (gear refer-
ence circle). The standard pitch diameter,
however, doesn’t change. See Figure 1,
which appears as Figure B.1 in AGMA
913-A98, Method for Specifying the

Geometry of Spur and Helical Gears. The
right and left halves of this drawing show
the relative position of the cutting tool
and the resulting change in tooth thick-
ness. Note that the standard pitch circle
(gear reference circle) doesn’t change.
When measuring thickness change,

Figure 2—Tooth thickness measurement over
pins. (Extracted from AGMA 2002-B88 with AGMA
permission.)

Robert E. Smith is president of R.E.
Smith & Co. Inc., a gear consultancy in
Rochester, NY. A mechanical engineer,
he has more than 55 years’ experi-
ence in the gear industry. He chairs
the AGMA Calibration Committee and
is the ISO delegate for it and for
the AGMA Inspection and Handbook
Commiittee. Also, since 1991, he’s been
a Gear Technology technical editor.

AGMA 2002-B88, Tooth Thickness
Specification and Measurement. Note
that the caption says “Tooth thickness
measurement over pins,” not “Pitch
diameter measurement.” This is actu-
ally a diameter measurement (not pitch
diameter) that has been calculated from
the tooth thickness at the standard pitch
diameter.

It is highly that
specifiers of gear data and tolerances
refer to the above AGMA standards and
information sheets, as well as associa-
tion documents on subjects such as gear
accuracy. These are available from the
AGMA, in Alexandria, VA, or through

WwWww.agma.org. O

recommended

For more information:

AGMA

500 Montgomery Street, Suite 350
Alexandria, VA 22314-1581
Phone: (703) 684-0211

Fax: (703) 684-0242
bradley@agma.org
www.agma.org

Robert E. Smith

R.E. Smith & Co. Inc.

3085 Mt. Read Blvd.
Rochester, NY 14616

Phone: (585) 621-2838

Fax: (585) 663-2641
gearman@resmithcoinc.com
www.resmithcoinc.com
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UTS
Teaches Plastic Gear
Design & Manufacture

Plastic is different than metal. This obvious fact means
plastic gears are different than metal gears. Yet there are gear
engineers who don’t learn the differences before sitting down
at their workstations, starting their solid model programs and
attempting to design plastic gears like they were metal ones.

Not surprisingly, the projects become problems.

“As consultants, we see a lot of those,” says Philip Cooper,
sales manager for Universal Technical Systems Inc. Located in
Rockford, IL, UTS offers software and consulting services for
plastic and metal gears.

It also offers a three-day course, “Plastic Gear Design &
Manufacturing” to gear engineers who need to understand the
different parameters used with plastic gears.

The class is concerned with solving practical problems
involving plastic gears, such as high tooling and manufactur-
ing costs, inadequate load carrying capacity, heat generation,
performance variations (lot to lot), premature gear failure, and
excessive noise.

The course covers the basics of plastic gearing, such as invo-
lute gear theory, important gear geometry factors, optimization
of gear sets, mold design, materials characteristics, quality con-
trol and design methods for plastic spur, helical, crossed-axis,
epicyclic and face gears.

It also covers minimum weight design strategies, gear size
(including radial and axial shrinkage), geometry design, rat-
ing, producibility analysis, torsional analysis, lubrication, and
profile analysis.

Students learn about a number of other advanced topics:
robust design methods, application of non-standard proportions,
accounting for extreme operating conditions, minimizing opera-
tional variation, predicting tooth deflection at mesh temperature,
and applying proper tip relief.

They also learn about inspection and quality control
issues. This includes a tour of Forest City Gear, a fine- to medium-
pitch gear shop in nearby Roscoe, IL. Forest City makes plastic
gears in low to moderate volumes. Moreover, as Cooper explains,
Forest City has excellent analytical inspection facilities, and
a number of companies send their plastic gears to it
for inspection.

The course is taught by Jim Marsch, UTS’ gear software
product manager. Marsch has 35 years of experience in power-
train manufacturing, including 12 years at Allis-Chalmers,
where he designed agricultural tractor powertrains, and 22
years at Harnischfeger Corp., where he designed powertrains
for cranes.

Marsch’s experience with plastic gears comes from his time
with UTS, with consulting projects involving Xerox, Hewlett-
Packard, Whirlpool, Maytag and other companies.

During the course, each student can discuss his particular
gear problem with Marsch in one-on-one time on the class’s
last day or during previous evenings if necessary. Attendees
interested in having one-on-one time should bring their prints
and design problems.

The next class will be held Nov. 8-11 at the UTS operation
in Rockford. The course is limited to 15 students, who share
eight workstations. As long as space is available, people can
register for the course as late as Nov. 1. The class costs $1,250
per person.

Besides lectures, the course offers hands-on exercises,
including gear design problems for completing in class. The
exercises are performed using Integrated Gear Software, UTS’
suite of gear design software. Also, course discussion some-
times covers some point involving the use of TK Solver, the
math modeling and programming application that is the calcula-
tion engine for Integrated Gear Software.

Consequently, UTS recommends students take its one-day
TK Solver training course, given Nov. 7, the day before the
plastic gears course starts. The class costs $295 per person.

The course covers various aspects of TK Solver, including
solving equations, creating tables and plots, converting units,
using built-in and user-defined functions, generating reports,
and using TK Solver’s library.

Students must reserve hotel rooms themselves, but UTS
recommends these three hotels: Quality Suites of Rockford,
Clock Tower Resort, and Candlewood Suites. Attendees making
reservations at Candlewood can obtain a special room rate by
mentioning UTS training.

Other details are available on the UTS website via a down-
loadable information packet.

Rockford, IL 61101
Phone: (815) 963-2220
Fax: (815) 963-8884
E-mail: sales@uts.com

For more information:

Philip Cooper

Universal Technical Systems Inc.
202 W. State Street, Suite 700
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Measurement Training
Comes To Your Facility

Whether you’re involved in
gear cutting, setup, engineering,
management, metrology or qual-
ity control, keeping up with the
changes in the world of standards
is becoming more time-consum-
ing every year. Gleason-M&M
Precision hopes to demystify the
pages of documentation from
AGMA and ISO with its “Gear
Measurement Course.” The
course, held periodically at the
Gleason-M&M facility in Dayton,
OH, is now being offered at customer locations as well. Usually,
this option is more economical for companies with at least 3—4
participants.

Ed Lawson, director of metrology at Gleason-M&M, teach-
es most of the course. Lawson led the A2LA accreditation
efforts for the company’s gear lab. As chair of AGMA and ISO
committees developing current generation gear accuracy and
calibration standards, he developed the course after perceiving
an industry-wide need for more detailed information.

“For decades, ISO and AGMA standards have been static.
Then completely new documents have been written in the last
few years. We're in a state of change at the moment, and every-
one can stand to get up-to-speed,” he says.

In addition to standards, course topics include:

e Gear Metrology: Terminology, Theory and Practice;
* Gear Accuracy Standards;

* Calibration & Uncertainty;

* Analysis of Involute & Helix Tests;

* Spline Metrology; and

* Gear Math.

Attendees take home a set of PowerPoint handouts, with the
text conveying the primary message of a given slide. Lawson
hopes the handouts become a book-like reference for the par-
ticipants.

Content within these handouts varies according to the level
of professional experience. The gear measurement course is
designed in modules so that advanced topics can be presented to
those directly involved with their gear labs. On the other hand,
a two-hour executive overview format is popular with manage-
ment personnel who don’t have a need for the more detailed
information.

Gleason-M&M tries to keep attendance at about 12 par-
ticipants to encourage discussion. For companies who have
larger numbers of employees interested in gear measurement,
Gleason-M&M now offers off-site training at the customer’s
facility.

Ed Lawson
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A session of the course is being held at Gleason-M&M on
Sept. 19-21. Price per person is $495 per class. If all three
clasess are taken at the same time, the cost is $1,465 per person.
Customized training at Gleason-M&M is $4,895 per class, on
site customer training is $6,400 per class. For information about
the next session or to inquire about having the course presented
at your location, contact Gleason-M&M directly.

For more information:

Gleason-M&M Precision Systems Corp.
300 Progress Rd.

Dayton, OH 45449

Phone: (937) 384-8977

E-mail: info@mmprecision.com
Internet: www.mmprecision.com

Gears2005
Focuses On Applications

The British Mechanical Power Transmission Association has
sponsored gear seminars in the past, but Gears2005 Technical
Awareness Seminar, slated for Nov. 17-18 at the Manchester
Airport Moat House, promises to be more application-focused
than in past years.

Dr. Harold Wright, technical secretariat for the event, rec-
ommended splitting the seminar into sessions specific to dif-
ferent industries. Specific focuses include transport (road, rail,
and sea), automotive, design technology, process industries,
environment and iron & steel production.

“We decided to move in a more application-oriented direc-
tion to make life exciting. We want people to leave saying,
‘Wow, I didn’t know I could sell to the Ministry of Defense.’”

The target audience of about 80 should consist of equipment
users, sellers, manufacturers consultants and academics.

Day one is devoted to sessions on transport, design tech-
nology and process industries. The first session is chaired
by Commander Tim Roberts of the Royal Navy, head of the

whwnwl qlocgears.com

Phone; 516-817-6700 + Fax: 516-33

PRECISION GEARS

Specialists in the manufacture of
Spur and Helical Gears to AGMA 15 and
BEVEL GEARS to AGMA 13.
Hobbed internal and external gears up to
80" diameter and 39" face.

Gleason bevels up to 100 inch
diameter. Klingenberg spiral
bevels hard cut up to 85 inch
diameter.

Ground internal and external
gears up to 60” diameter and
29" face.

In house heat treatment, metal-
lurgical lab, magnflux, and nital
etch capability.

Full inspection capabilities in
our modern state-of-the-art
& gear metrology laboratory.

%,

N www.overtongear.com

630-543-9570 PHONE
630-543-7440 FAX
530 Westgate Drive
Addison, IL 60101

1SO 9001: 2000 CERTIFIED
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Do your gears need:

More strength?
Longer life?

Shot peening is the answer.
To learn more, subscribe to
The Shot Peener. The Shot
Peener is dedicated to raising
the awareness and apprecia-
tion for the shot peening
process.

Magazine Subscription Request

_| I'want a free subscription to The Shot Peener.
Please send it to the address below.

Please print or attach your business card:

Name Title
Company

Address

City State Zip. Country
Telephone Fax

Email Address

Fax: (574)256-5222
Mail: The Shot Peener
56790 Magnetic Drive, Mishawaka, Indiana 46545 USA

The Shot Peener: www.shotpeener.com/El/tsp/index.html ar
SPIRAL BEVEL GEARS
(Transmissions)

Spiral & Straight Bevel Gear Manutaciurisg,
Commercial to aireral quality gearing,
Spur, helical, splimed shafts, internal & exiermal,
shaved & ground gears. Spiral hevel grinding

Midweest Transmissions & Reducers,
150 compliand,
MIDWEST GEAR ST CONTACT:
& TOOL, INC. — e CRAIG D. ROSS
15700 Common Rd. (586) 779-1300

Roseville, M1 48066 midwestgear@shcglobal.net FAX (586) 779-6790

British Ministry of Defense Transmissions Group, and will
cover developments in the leisure industry, public transport and
military applications.

Each session includes a 20-minute PowerPoint presentation
followed by discussion. The second session includes a presen-
tation by Martin Halley, chief engineer for Xtrac Ltd., on the
state of the automotive industry. BMW and other car designers
and manufacturers will outline current trends in gearbox/drive
conception and their applications to car performance.

The design technology session is chaired by Professor Tom
Hyde, Hives professor of mechanical engineering and head of
the school of mechanical, materials and manufacturing engi-
neering at the University of Nottingham. New material develop-
ment and post-millennium gear cutting tools will be discussed.

The final session of the first day analyzes process indus-
tries, recent legislation, modern bearing design and water treat-
ment business opportunities and will be headed by Dr. Nigel
Mainwaring, technical director at Russell Finex Ltd.

Day two includes focuses on the environment via sub-sea
and wind turbines and is chaired by Bob Turner, supply chain
manager at WindSupply. In-depth views on plant and equip-
ment drive, transmission and lubrication needs will be presented
in the iron & steel productoin session by Kevin Peacock, man-
ager of engineering technology at Corus Northern Engineering
Services.

The BMPTA offers six payment structures for attending
Gears2005. The cost to attend all five sessions plus a dinner
and overnight accommodations at the Manchester Airport Moat
House in Manchester, U.K., is £360. For updated price informa-
tion, visit the seminar’s Internet site at www.gears2005.o0rg.uk.

For more information:

Dr. H. Wright & Associates

19 Marrick Rd.

Stockton-on-Tees TS18 5LW

United Kingdom

Phone: +(44) 1642-581-677

E-mail: thedoctor@doctorhwright.com
Internet: www.drhwright.com
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October 10-13—Gear School 2005. Gleason Cutting Tools,
Loves Park, IL. This course blends shop time and classroom
study. Course content includes gear fundamentals, high speed
steels and coatings, gear cutting and inspection. Participants
tour the Gleason Cutting Tools plant and an offsite tour of a
complete manufacturing facility is offered. $895. For more
information, contact Gleason Cutting Tools by telephone at
(815) 877-8900 or via the Internet at www. gleason.com.

October 25-27—Design2Part Show. Pheasant Run
MegaCenter, St. Charles, IL. The largest contract manufac-
turing trade show includes exhibitors in the following cat-
egories: Machining, Cutting, Grinding, Finishing, Electronics,
Assemblies, Components, Forming, Castings, Rubber, Plastics,
Composites, Design, Prototyping, Testing, Fabrication, Tools,
Dies, Molds, Patterns, and Fixtures. Registration is free, and
the deadline is Oct. 18. For more information, contact Job Shop
Shows on the Internet at www. Design2PartShow.com.

November 1-3—Mastering Shot Peening & Blast Cleaning.
Renaissance Worthington Hotel, Dallas/Fort Worth, TX.
Focuses on proper shot peening procedures, products and plot-
ting a saturation curve, establishing machine parameters to
ensure correct stress profiles and fatigue life, audit proceedings,
prevention of machine malfunctions and more. $850 for one
attendee, $750 each for two to three attendees, and $650 each
for four or more attendees. For more information, contact The
Shot Peener magazine by telephone at (800) 832-5656 or on the
Internet at www.shotpeener.com.

November 5-11—ASME International Mechanical
Engineering Congress and Expo. Walt Disney World Swan
& Dolphin Hotel, Orlando, FL. Technical program includes
engineering research presentations broken down into 600 ses-
sions covering nearly 50 fields. Keynote speaker is Col. Mike
Mullane, NASA shuttle astronaut and novelist who was recently
inducted into the International Space Hall of Fame. Registration
is accepted through Nov. 4 and ranges from $25-$700, depend-
ing on how much of the program a person registers for. One-day
attendance ranges from $425-$625. For more information, visit
ASME’s website at www.asmeconferences.org.

November 13-16—FABTECH International & AWS
Welding Show. McCormick Place, Chicago, IL. Designed
for metal forming and fabricating personnel involved in
cutting, lasers, fabrication/forming, stamping, tubes and
pipes. For SME/FMA/AWS members, prices range from
$160-$565, depending on the number of technical ses-
sions attended. Non-member costs range from $180-$665.
Registration is increased $25 after Oct. 21. For more infor-
mation, contact the Society of Manufacturing Engineers on
the Internet at www.sme.org/fabtech or call (800) 733-4763.

Get your Fellows machines
back in shape

Your single source for Fellows
10-2, 10-4, 20-4 and 20-5 Gear
Shaper Rebuild/Retrofit programs:

¢ 5-Axis CNC retrofit fully integrates an Electronic
Helical Guide capability

¢ 4-Axis CNC retrofit helps reduce costly machine
setup times

¢ Both programs deliver machine in “like new”
condition with 12-month warranty

¢ Manufacture of highly accurate mechanical
helical shaping guides for Fellows machines
also available!

Gleason

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

| www.gleason.com

GROUND GEARS - Ten or Ten Thousand

For small bo medium guantities of spurs or helicals that have fo
mest cloge-tolerance AGMA or DIN spece, cur Relshauer grinders
and M&M gear analysis sy=iems are the perfect combination.

For Long rurs. we atfier the umnique Liebheer CBN grinding
procass with full SPC quality corirol and documentatson.

Eo whethar your nesds are for ten o 1ens of thousands, we
inyite yiou to join the groadng list of INSCO customers wha reky an
us for consistant quality, reaonahble costs, and refiable delivery.

: < PHONE: 976-446-6368
FRE:; 978-448-51556
] WES: INSCOconp.com

B 412 Man Sheeet, Gnodon, Messachaeels D850
EORAEATE

150 9001 Registered
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INDUSTRY NEWS

Stadtfeld Returning to Gleason

Hermann J. Stadtfeld will
return to Gleason, effective
Dec. 1, as vice president of
bevel gear technology after a
three-year absence.

According to the
company’s press release,
Stadtfeld will be responsible
for research and develop-
ment related to advancing
Gleason’s bevel gear tech-
nology.

Stadtfeld was previously
vice president of research and
development for the compa-
ny from 1994-2002. Prior to that, he was professor of machine
and gear design at Rochester Institute of Technology and the
Technical University Ilmenau, Germany. He has authored 15
books and more than 130 papers on bevel gearing.

Hermann J. Stadtfeld

Bourn & Koch Hires New VP

Hans Grass was hired as
vice president of engineering at
Bourn & Koch.

According to the company’s
press release, Grass has more
than 35 years’ experience in
gear machine tool technology.
From 1972-1998, he worked for
American Pfauter and served as
vice president of engineering
and manufacturing for 17 years.
Most recently, he was president
of Index Corp. and director of distributed products and special
projects for Gleason’s European affiliates.

Bourn & Koch also announced the breaking of ground on
an expansion of its main facility in Rockford, IL. As an ini-
tial phase of the expansion, the company plans to add 40,000
square feet of warehouse space and 20,000 square feet of
office space. Once the project is completed, Bourn & Koch’s
second Rockford location will be moved to its main facility on
Kishwaukee Street.

Hans Grass

New Location for Supreme Gear
Supreme Gear has moved from its Roseville, MI, location to a
new facility. Please note the new billing/shipping address:
Supreme Gear Co.
17430 Malyn Blvd.
Fraser, MI 48026
Phone: (586) 294-7625
Fax: (586) 294-7648
Internet: www.supremegear.com

KISSsoft Opens U.S. Office

KISSsoft AG, the maker of gear and engineering software
headquartered in Hombrechtikon, Switzerland, has opened a
sales office in the Chicago area. The new office will be headed
by Dan Kondritz, national sales manager for KISSsoft USA.

KISSsoft’s products have been sold in Europe for more than
20 years, Kondritz says, and the company has more than 700
customers there. KISSsoft only recently began promoting its
products in North America. The company already has dozens of
U.S. customers, but there is plenty of room to grow, Kondritz
adds: “It’s an untapped market for us.”

Potential users of KISSsoft’s software include companies
involved with the design of power transmission drives, espe-
cially those including gears, shafts, bearings, couplings and
even mechanical details such as bolts.

Potential users of the software are in many industries,
Kondritz says, including automotive, oil field, medical devices
and plastic gearing. “Our customers range from the biggest
companies of the world to independent, one-man consultant
shops.”

Opening the new office is already giving U.S. customers
much better support and service, Kondritz says. “The custom-
ers feel that they can call up and get the kind of service they
deserve.” Kondritz has more than 20 years of experience selling
and supporting technical software applications, including 14
years at gear software provider Universal Technical Systems of
Rockford, IL.

Also, the U.S. presence will help customers stay up-to-date
on the latest releases of the software, according to Dr. Ulrich
Kissling, who originally wrote the software and who co-found-
ed KISSsoft AG. “Our past history of twice-per-year software
updates, along with our history of customer satisfaction, will
impact the U.S. marketplace in a positive way,” Kissling says.

For more information:

KISSsoft USA LLC

3719 N. Spring Grove Rd.
Johnshurg, IL 60050

Phone: (815) 363-8823

E-mail: dan.kondritz@KISSsoft.com
Internet: www.KISSsoft.com
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Sunnen, RMC Form Strategic Alliance

Sunnen Products Co. and
RMC Engine Rebuilding
Equipment announced a stra-
tegic alliance in which Sunnen
will market the full RMC line
of engine building equipment,
including RMC’s CNC machin-
ing centers.

According to Sunnen’s
press release, the agreement has
already gone into effect and
RMC products are currently
sold under the Sunnen/RMC
brand. Sunnen’s team of field
engineers and service specialists
now represent and support the RMC line. Products include CNC
engine component machining centers, rod boring machines, line
boring machines, cylindrical boring mills, surface mills, crank-
shaft grinding machines, belt resurfacers, piston pin presses and
entry-level cylinder honing machines.

Mike Haughey, Sunnen’s COOQ, says, “This alliance will help us
achieve our goal of being the leading source of precision equipment
for the automotive aftermarket and performance engine builders.”

MMS Thermal Processing Orders

Surface Combustion Technology

MMS Thermal Processing LLC has ordered Surface
Combustion’s VringCARB® technology and companion equip-
ment for its vacuum processes in Davenport, TA.

According to the company’s press release, MMS Thermal
plans to build a new facility for the line, consisting of a multi-
chamber system with a combination charge/vestibule/oil quench
chamber with a quench oil heating system as well as two
gas-fired vacuum carburizing chambers utilizing VringCARB
vacuum carburizing technology, an electrically heated high tem-
perature processing chamber and a 20-bar gas quench cell.

The installation will also include a variety of companion
equipment, including multiple Uni-DRAW temper furnaces,
a VacuDraw gas-fired vacuum temper furnace, a spray/dunk
companion washer and an array of support equipment.

A complete metallurgical lab to document quality assurance
and provide research assistance is available as well.

Broaching Machine Specialties
Registered to ISO
Broaching Machine Specialties of Novi, MI, was
awarded a certificate of registration for ISO 9001: 2000
conformance for the design, manufacture and servic-
ing of new and remanufactured turnkey broaching systems.

GEAR CUTTING TOOLS =

CORPORATION
PHONE 630-595-7333
GEAR CUTTING TECHNOLOGY Fax 6305857343

ww.hanikcorp.com

60 YEARS OF TOP TECHNOLOGY email: hanikcorp@aol.com

ph: 011-41-32-344-0400 * fax: 011-41-32-344-0404 * www.schnyder.com * mail@schnyder.com

FIRST{ZEAR

ENGINEERING & TECHNOLOGY

www first-gear.com
1S09001:2000 CERTIFIED

1606 Freedom Way - Fort Wayne, IN 46818
Tel: (2601 490-3238 - Fax:(260]490-4093
www first-gear.com
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CLASSIFIEDS

GEAR MANUFACTURING WEBSITES

O-TTHGEAR res T14-TH2

WHEN IT HAS TO BE RIGHT

® Gear Grinding to 94"
¢ Industrial Gears to 250" THE

® Turbo Compressor Gears GEAH

® Custom Drives WOoORKS
* Spline Broaching
® Gear Metrology

® Stock Planetary Speed Reducers

GEARBOX REPAIR

| Custom Gear Services Since 1946 |

1S0-9001
www.thegearworks.com

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

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

PRECISION GROUND
SPUR-HELICAL-GEARS-
SPLINES-WORMS-WORM
GEARS-GROUND RACKS-
PROTOTYPE OR PRODUCTION
MAKE COMPLETE OR
OPERATIONAL INCLUDING
GEAR BOXES & ASSEMBLY-
GEAR PUMPS-AEROSPACE-
MILITARY-COMMERCIAL-
HOBBING-SHAPING-TURNING
JIG GRINDING-COMPLETE
GRINDING FACILITIES
NITAL ETCH-MAGNAFLUX

5 .fr‘--ml‘l ,qulrhi— g-u lfm

24649 Mound Road, Warren, MI 48091
Phone (586) 754-4600
Fax (586) 754-4603
Email spgear@ameritech.net
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GLEASON CUTTING TOOLS
CORPORATION

Gleason Cutting Tools Corporation is the
leading gear cutting tool manufacturer in
North America. We offer a wide variety of
form-relieving milling cutters, hobs, shaper
cutters, shaving cutters and CBN-plated form
grinding wheels as well as our engineering,
coating, heat treating, metallurgical, tool
sharpening and reconditioning services.

www.gleason.com
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GLEASON CORPORATION

Gleason is the world’s most comprehensive
resource for gear manufacturing technolo-
gy. We offer a comprehensive gear cutting
machine program for every gear hobbing,
milling and grinding application for cylin-
drical and bevel gears. To learn more about
our products and services or to find key
contact information, see our Web site.

www.gleason.com
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On Site Service
Technical Support
Parts
Hydrostatic Guides
Retrofits
Training
Preventive Maintenance Plans

Broachmg Requirements?

* Eight standard lines of
new broaching equipment

* New and remanufactured
turnkey broaching systems

*Hydraulic and electro-
mechanical drive available

Electro mechanlcal
internal table-up

oA iBsc 25180 Seeley Road
Novi, M1 48375-2044

INE  poe: (248) 471-4500
PECIALTIES rax: (248) 471-0745

E-mail: bms@broachingmachine.com
www.broachingmachine.com

chines are specificall?
to carry out facing,
hining operations at

gs....Simultaneously.
-

To learn more about the many types of
endworking systems we can provide, call
908-684-8034 or visit us at:

www.endworkingsolutions.com

A Complete Line Of Double-Ended Machinery For:
CENTERING * FACING ° DRILLING * TAPPING
FULL 3-AXIS MACHINING & CONTOURING

IJ" (=8

GEAH HAEICS

& |‘_—-I'
Final |y| A Basic School for Non-Experts!

Do you have people who are new to GEARS?

Do your production people need to
know more about GEARS?

Cole Manufacturing Systems, Inc offers a beginning
gear training course designed to your exact needs.

¢ Terminology of Gears

 Gear Functions and Basic Formulae

* Manufacturing Methods Inspection Methods
o [nterpretation of Inspection Data

© Applying Inspection to Correct Problems

The course can be on-site, in your plant or training facility
or off-site at a nearby facility. We come to you!

(248) 601-8145 FAX (248) 601-0505

Email: dsmith@colemfgsystems.com www.colemfgsystems.com

CONFTRACT MEFROLOGY SERVIGES

GURVIC COUPLING GRINDING
& INSPECTION

BEVEL & CYLINDRIGAL
DEVELOPMENFS & PROTOTYPES

APPLICATION ENGINEERING
SUPPORT & DESIGN SERVICES

HEAT TREATMENT

REPLACGEMENT HELICAL GUIDES FOR
SHAPERS, INCLUDING FELLOWS

SPECIALIZED GEAR SERVICES

The Gleason Works

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

www.gleason.com

e BROAGH SHARPENING

e HOB SHARPENING

e SHAVING GUTTER GRINDING

e THIN FILM GOATING

o GUSTOM HEAT TREAT SERVIGE

o REPLACGEMENT HELIGAL GUIDES
FOR SHAPERS, INGLUDING FELLOWS

PICK UP AND DELIVERY IN MANY AREAS

Gleason Cutting Tools
CORPORATION
1351 Windsor Road
Loves Park, IL61111 U.S.A.
Phone: 815/877-8900
Fax: 815/877-0264
E-mail: gctc@gleason.com

www.gleason.com

% THIN FILM COATINGS %

HOB SHARPENING
(763) 425-5247

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

RADIAL CUTTING | FACE SHOWN

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

info@koroind.com

KING OF GEARS

Dedicated to providing the finest gear cutting tools to the gear industry.

Our product line includes:

* Hobs

o Shaper cutters

* Shaving cutters

© Milling cutters

© Broaches

o Straight and spiral
bevel tooling

© Rack cutters

Are your goals to decrease
cydle times? Increase number
of parts produced between
resharpenings? Achieve higher
quality? Lower overall tooling
costs? Improve tool life?

We welcome the opportunity to help you
achieve your godls... one job at a time.

HobSource Inc

847 229 9120
www.hobsource.com

Sharpening Service
for hobs, milling cutters
shaper cutters, shaving cutters.

'
ldr

& GOLD STAR COATINGS

5200 Prairie Stone Parkway, Suite 100
Hoffman Estates, IL 60192
Tel.: (847) 649 -1450 - Fax: (847) 649-0112

2083 W.M-55, West Branch, MI 48661
1-888-Resharp 1-888-737-4277
Tel.: (989) 345-2865 - Fax: (989) 345-5660

1580 Progress Dr., Richmond, IN 47374
Tel.: (765) 935-7424 - Fax: (765) 935-7631

sales@star-su.com www.star-su.com
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OTHER HEAT TREATING

Induction Hardening
eSpiroPlot A new Gear Design Specialists in Tooth by Tooth Contour E EE
Tool and Educational Toy is for Hardening of Internal

gear design/mfg/QC engineers. Spur, helical and bevel gears .

computer scientists, educators, Our_gear hardening equipment includes 5 We Use Med. & High Frequency
sugents rom pro-sorool 1o pest | | MAICOsperefocesmechnes 69 | | Simuttanous Dual Frequency
college Iey_els,_ and for retraining machines. Tooth by tooth gear hardening Induction Hardened

and rehabilitation programs. from .5DP-10DP, up to 15 tons, 200" diameter.

If you have a passion for artistic
design our new product is for you
as you can find out for yourself by
visiting the ESPCO website at,

www.espco.net

Aircraft Gear

If you need this, call us. We sell

Sroakdown the systems to make it for you!

Available
American l\élletal Treating Company &l dﬂ'ﬂ' Induction, USA, Inc.
Phone: (216) e E'Fg')::lzﬂm 431-1508 mail@eldec-usa.com
Web: www.americanmetaltreating.com 248-364-4750 www.eldec.de

E-mail: bruce@americanmetaltreating.com
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CROSSWORD

ACROSS
1. Pressure
3. A tooth’s shape, from the side
4. Birds love these gears
6. The American Gear
Association

7. The Gearlab is here

8. Cylindrical gear with 0° helix angle

10. Everybody’s favorite magazine:

Technology

12. Cutting tool for spur or helical gears

14. TC-60’s parent organization

16. Everybody’s favorite magazine column

19. -Wildhaber gears

20. Not Rockwell or Brinell

23. 3:1, 5:1, 10:1, etc.

24. Used to mate bevel gear pairs

25. Opposite of 0D

26. A tooth modification, or a type of face gear

28. Planetary

31. A spur or helical generating process,
not hobbing

32. Good plastic gear or stockings material

33. Metal cutting process; uses pullers

34. German standards-making body

35. Finish a gear with abrasive tool

37. Measurement, on a blueprint

38. Profile ; Causes noise

39. The center line about which a shaft rotates
40. A common gear material
41. How we measure pitch in America
42. The N in NVH
43. Creating an involute profile with
a rack-shaped tool

DOWN

1. Sponsor of Gear Expo

2. Type of gage; either it fits, or it doesn't fit

3. Diametral

4. What happens to a gear that’s poorly lubricated

5. The meeting of gear teeth in rotation

8. Finishing operation; uses a serrated cutter

9. When the involute form is cut away
near the tooth root

11. Sponsor of the International Mechanical
Engineering Congress & Exposition

13. Hypoid, spiral, Zerol are types of gears

For the answers, visit: www.geartechnology.com

14. Euler’s brainchild

15. Carbide rehobbing

17. Heat treating process involving ions

18. The state when gears are out of whack
21. Load-carrying

22. Bevel gear; goes with pinion
27. Bevel gear with axis offset

29. Common method of achieving case depth
30. A toothed shaft

31. Norm

35. Inventor of the bevel gear planer

36. You need this to support your gear shaft
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WORLD CLASS

GEAR MANUFACTURING
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Cobo Center

- .
Sunday: Noon - 5 pm
Monday: 9 am - S pm

Tuesday: 9 am - 5 pm
Wednesday: 9 am - 1 pm

Booth #138

Forest City Bear
P.O. Box B0
150 8001:2000 REGISTERED ey 17715 Main Strpet
A5 10082000 CERTIFIED o Roscoe, I GIO73I-0080
815.683.2168
toll free (B66) 623-2168
fax BIS.623.6620 -
wwWwwW. FCgear. com
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See us for

Show & Tell...

at Gear Expo 2005

» Bourn & Koch will demonstrate the 100H
Series I CNC Hobbing Machine at the AGMA
Gear Expo (Detroit, October 16-19, 2005). The
100H is a 6 axis hobbing machine featuring: NUM
1050H 6 Axes CNC control; full machine enclosure
for wet or dry hobbing; pneumatic live center;
automatic single — or double — cut hobbing on
multiple gears or splines; automatic hob shifting;
speed and feed change between cuts; crown
hobbing, taper hobbing, radial or tangential feed
worm gear cycles; and CNC hob swivel.

» Bourn & Koch will demonstrate
multiple spline hobbing on a shaft
with two splines with different
numbers of teeth; with two hobs
with different numbers of starts; and
dry cutting in a single clamping.

.....
=

4 Star Cutter will demonstrate the Star Model
PTG-1 at the AGMA Gear Expo (Detroit,
October 16-19, 2005). The PTG-1 is a 5-axis
grinding machine featuring: NUM Axium CNC
control; NUMROTO plus software; integrated
automatic part probing; automatic wheel
probing; and on-board wheel dressing. The
PTG-1 sharpens straight and spiral gash hobs,
through-hole and shank type, up to 8" in
diameter and 10" in length. The resharpening
quality meets the AGMA “AAA” standards, with
unsurpassed surface finish through the use of
super abrasives.

4
lar

Star SU LLC

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

Tel.: (847) 649 1450

Fax: (847) 649 0112
sales@star-su.com
www.star-su.com
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