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Save on Cycle Times...

B On-machine dressing integrates
the dressing unit with the grinding
head to ensure the highest level of
repeatability. Compensation for
wheel wear between dresses is
automatic—and fast.

B On-machine inspection analyzes
1 — stock distribution, and compensates
= for heat treat distortion and part

: e runout. The grinding cycle is
N E W ! save on setups"' - optimized automatically.

Compensation:
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gears with Gleason high-performance

Cerfor o I Wbkl angle
plated CBN wheels.
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For gear diameters from 400 to 4,000 mm, Gleason-Pfauter Form
Grinders can take the time, cost and question marks out of your
process, and put more profitability in.

B Dramatic reduction in setup time through automatic
compensation of radial and axial runout. Time-intensive

and costly manual alignment is eliminated. Gleason COrpo ration

1000 University Ave., P.O. Box 22970

M Proprietary (patent pending) system uses special Rochester, NY 14607-1282 US.A.
measuring device and software to determine workpiece Phone: 585/473-1000 Fax: 585/461-4348
position relative to table and machine axes; automatically Web site: www.gleason.com E-mail: sales@gleason.com

compensates for runout during machining.
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GLEASON BRINGS YOU THE LATEST TECHNOLOGY
IN PLATED GRINDING WHEELS AND DRESSING TOOLS

leason Cutting Tools
offers a new line of high-
precision replatable CBN
and diamond grinding
and dressing wheels, for use with
any modern CNC gear profile, gear
honing or gear grinding machine.

This line of precision tools is
available in a wide range of

designs, configurations and sizes
to meet any special form or gear
grinding application.

The use of Gleason single layer
CBN technology helps deliver
higher stock removal rates,
lower cost per workpiece, longer
wheel life and more consistent
quality. CMM verification of

14001

Registered ]

ground coupons is available for
the highest quality assurance.

The investment in Gleason
Cutting Tools’ new state-of-the-art
precision plating facility assures
the highest quality, consistency
and faster deliveries.

For more information, contact:

Gleason Cutting Tools

RPORATION

Phone: 815-877-8900
Fax: 815-877-0264
E-Mail: gctc@gleason.com
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Generating and form
grinding, with dressable
or CBN tools,

in one machine

erformance gear grinding, with
integrated dressing unit, allows generat-
ing and form grinding with dressable
and CBN tools in the same machine,
with a capacity of 200/300mm dia. and
up to an 8mm module. Combined with
the automatic loading/ unloading fea-
ture, this machine is an efficient produc-
tion unit with proven Liebherr reliability.

SIGMA , POOL

The Gearing Partnership of Liebherr,
Klingelnberg and Oerlikon

Liebherr Gear Technology Co.

1465 Woodland Drive

Saline, M| 48176-1259
734.429.7225 - Fax 734.429.2294
info@lIgt.liebherr.com

Gear Hobbing * Shaping * Grinding * Measuring
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Gear Production Specialists
- Gear Shapers - Gear Hobbers - Gear Grinders -

¢ Full Remanufacture:
® A brand new machine on highly stable,
naturally aged castings.
® CNC Retrofit for total process control. Max
performance with minimal operator intervention:
® Up to 6-Axis of CNC machine control.
® Thermal Compensation
® Closed loop auto compensation from
post process and/or tool gages.
e Application Engineering:
® Process development and cycle optimization.

¢ Field Service and Preventive Maintenance Plans

NO RISK — RESULTS GUARANTEED
e Statistical run-off to your specifications.
e 2 Year warranty, best in the industry.

802-885-4521

VERMONT MACHINE TOOL® www.vermontmachinetool.com

Quality, Experience and Craftsmanship for over 20 years
Springfield, Vermont USA

REASONS TO USE COLONIAL

COLONIAL TOOL GROUP, INC. TOOL
GROUP

—

SPLINE ROLLING

T
i 2 PREGISION MACHINE
RACKS L

SPINDLES

« Patented Motorized Boring, Milling,
Grinding & Cluster
* Repair or Design & Build

« Threads, Helical and Involute
« Straight or Tapered Splines
on Shafts & Production Rolling

BROACH

TOOLS BROACHING

MACHINES
* CNC Helical/Table Up, Pull Down,

Surface and Horizontal
« Complete Turnkey Setups

« Helical, Spirex, Large Involutes,
Flat, Concave & Special Forms

 Patented CNC Manufactured for
Consistency

Colonial Tool Group, Inc. has been a leader in the machine tool industry for over 60 years.
Our reputation can only be maintained by the manufacturing of all our products in-house,
including a complete heat treat facility. Let us tackle your tooling needs or process
problems from our previous experience, balanced with today’s ingenuity.
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Renassance M an

I'lost a good friend in October—one that many of you might know. Carlo Costi of Sogimex S.A.S. in Caponago (Milano), Italy,

came out of the EMO show in Milan on October 28, caught a taxi and called his wife, Mariella, to tell her that he wasn’t feeling
well. He died—in the taxi—on the phone—talking to his wife. He was 60 years old.

Carlo was a gear machine tool merchant, widely known in the Italian gear manufacturing community and the worldwide Gleason
and machine tool dealer communities. He will be missed by those who knew him. I will miss him not only because of our business
relationship, but because, over the years, I got to know Carlo as a person.

He was a very unique man, who came from a unique background.

Carlo’s father, Marco, was an Italian Jew who left Italy with the rise of Mussolini and went to Cairo, Egypt. There he met Carlo’s
mother, Maria, a Roman Catholic. Their 1941 marriage was blessed by the Catholic Church with the understanding that their first-
born, who would be Carlo’s brother, Enrico, was to be raised Roman Catholic. Carlo, like his father, practiced Judaism. I’ve always
admired how comfortable each of these brothers was with the unusual religious makeup of their family. To each of them, it was
always perfectly natural having a brother and a parent with a different religion, which is probably rare today.

Both Enrico and Carlo were born in Cairo, and after the war, the family moved back to Milan. In 1950, Carlo’s father formed
Sogimex—at first a trading company and later a machine tool merchant. Enrico joined his father in 1962 for a short period, left,
and returned in 1970. My father had met Marco in the 1960s, and I met Marco and Enrico in the early 1970s.

Meanwhile, Carlo went to see the world. He came to America in the early 1960s, studying and then teaching philosophy in New
York. While his brother and father were working in the machine tool business, he enjoyed the freedom of the hippie generation,
studying, learning and teaching about a lot of the things that add richness to people’s lives. We met in the early ’80s.

My wife, Marsha, and I, shown in the photo with Carlo in 1995 in Estoril, Portugal, had the opportunity to spend quite a bit of
time with Carlo, Enrico and their respective families, especially at the annual meetings of the European Association of Machine
Tool Merchants (EAMTM), which are held in such places as Sorrento, Malta, Lanzarote, Barcelona, Sante Margherita and Cannes.

Our trips to those places were always more enjoyable because of Carlo. He was truly a Renaissance man. He easily and com-
fortably discussed the literature, architecture, history, wine and food of Italy and Europe. The depth of his knowledge, often first
hand, was always quite surprising. We only had to mention that we were going to visit a particular area, and Carlo immediately
would be able to tell us, in detail, of all the best places to visit, the best restaurants to try and the best foods to eat.

I talked to him often on my way to work, and I always
enjoyed his excitement when watermelon or white figs, a mem-
ory of his childhood, were in season, and he always looked for-
ward to Panettone at holiday time.

I also had the good fortune to spend time with his daughters,
Micol, Miriam and Muriel, whom he adored. I have vivid mem-
ories of walking around Portofino with Micol and Miriam on
each arm in animated conversation, with Carlo and Marsha
behind us, deep into architectural discussions. When the
EAMTM held its conference in Malta in 1998, Carlo brought
Muriel, then 13. We all had such a good time together that we

arranged for Muriel to come and stay with Marsha and me dur-
ing the summer of 1999.

Carlo had a sweetness about him that is not often found and
probably less often appreciated. He is already sorely missed, not
only by his family, but also by others who knew him.

Arrivederci, Carlo. I’ll have some Panettone for you this year.

Michael Goldstein, Publisher & Editor-in-Chief
www.powertransmission.com « www.geartechnology.com « GEAR TECHNOLOGY « JANUARY/FEBRUARY 2004 7
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Magnetic Filtration

Fluid Conditioning Systems, of
Warwick, U.K., has developed a simple
device to remove ferrous contaminants
from oil or transmission fluid with mini-
mal reduction in fluid pressure.

The patented device, called the
Magnom™, uses a magnetic field effect to
remove particles as small as 0.07 microns
from a variety of fluid types and viscosi-
ties. It was developed by a former Royal
Air Force engineer who was working in
the field of performance transmissions,
according to Tom Hulme, CEO of FCS.

The engineer had been trying to solve
the problem of scoring on pistons and gear
teeth. He needed a better way to remove
ferrous wear debris from the oil and trans-
mission fluid. Conventional barrier filtra-
tion methods created too big a pressure
drop, Hulme says. Another alternative,
magnetic sump plugs, showed some
promise, but they couldn’t catch all the
debris. In addition, Hulme says, large
Iumps of debris can sometimes wash off
magnetic sump plugs and be reintroduced
into the system, causing damage.

Debris is captured without reducing fluid flow.

The Magnom, however, is composed of
simple annular steel plates, with flow chan-
nels sized so that fluid flow remains at or
near 100%, no matter how much debris has
been removed. In addition, Hulme says,
contaminants are pulled laterally, and fluid
flow causes refraction forces that compact
the debris, preventing pieces from washing
back into the flow.

Today, the Magnom is used by Lola
Cars International for engine oil filtra-
tion. In a written statement, senior design
engineer Duncan McRobbie said, “After
four seasons of accumulating positive
experience with a combination of fine
mesh and Magnom filtration, we now have
the confidence to use the Magnom unit, on
selected projects, as the sole fine filtra-
tion media.”

The Magnom was originally devel-
oped for performance motorsports, but
Hulme says it has a wide variety of
applications. Magnom filters have been
manufactured in lengths ranging from 35
millimeters to 1 meter, and they’ve been
used in gear transmissions, machine
tools, and hydraulic equipment.

For example, Magnom filters have
been used at electrical power generation
plants to replace edge filtration for the
removal of contaminants from the lubri-
cation systems of coal mill gearboxes.
They’ve also been used in the lubrication
systems of print roller drive transmis-
sions by a major American newspaper.

“We’ve never installed into a trans-
mission environment and failed,” Hulme
says. “The majority of customers who’ve
built up experience with the Magnom are
now using it as their only fine filtration.”

Another application of the Magnom
filters is in machine tool cutting fluids.
Magnom filters have been fitted on a vari-
ety of machine tools, including metal cut-
ting, injection molding and EDM ma-
chines. According to FCS literature, a
major British automobile transmission
manufacturer has replaced its conventional
filters on machine coolant systems, result-
ing in savings of £80,000 (approximately
$140,000) per year due to reduced dispos-
al and maintenance costs.

I REVOLUTIONS I

Welcome to Revolutions, the col-
umn that brings you the latest, most
up-to-date and easy-to-read infor-
mation about the people and tech-
nology of the gear industry.
Revolutions welcomes your sub-
missions. Please send them to Gear
Technology, P.O. Box 1426, Elk
Grove Village, IL 60009, fax (847)
437-6618 or send e-mail to hazel-
ton@geartechnology.com.

The Magnom can be sized depending
on requirements. In many cases, it’s
designed as a “fit to forget” solution,
where the filter never has to be replaced.
“It never blocks,” Hulme says. But in
other cases, the Magnom can be
designed for regular
because it’s easily cleaned.

maintenance

Although the Magnom is used main-
ly to remove submicron debris from fluid
systems, it is also capable of catching
much larger debris. For example, the
company has seen chunks of gear teeth
as big as 4 or 5 centimeters removed
from larger Magnom filters, Hulme says.

The Magnom is designed not to reduce
fluid pressure, no matter how much debris
has been captured, so it is most often
placed before the pump in a system—a
place where conventional fine mesh filtra-
tion can’t go. Because there’s minimal loss
in pressure with the Magnom, Hulme says,
the filter can be placed where it will be
most effective in protecting the pump
without risk of cavitation.

In addition to capturing ferrous mate-
rials through magnetic attraction, the
Magnom captures some nonferrous par-
ticulate material.

The Magnom also has environmental
benefits, Hulme says. It reduces or elim-
inates the need to dispose of convention-
al filters, and it reduces the amount of
lubricant normally discarded. Contam-
inants can be disposed of separately
instead of with used filters and excess oil.
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Despite the benefits, the cost of the
Magnom is relatively small. The unit has
no moving parts, and the magnets and
plates which make up the core are rela-
tively inexpensive. Most of the cost of
the unit is in the housing, Hulme says.
Prices might range from $80 up to
$7,000 for larger industrial systems.

“Like all good ideas, the cleverness is
a function of the simplicity,” Hulme says.

THE PURDY
CORPORATION
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Better Blanking from Bar Stock

If you manufacture your own gear
blanks from barstock or outsource your
requirements, Watkins Manufacturing of
Cincinnati, OH, wants to talk to you.

The company’s SAW-Lutions™
rotary saw cutting attachment can be
added to single- and multi-spindle auto-
matic screw machines and CNC turning
machines to replace the traditional cutoff
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method using single-point tooling. The
result is a much faster, more efficient
process that produces less waste and
requires less secondary work, says sales
manager Dirk Greulich.

“Almost any job that runs through a
screw machine, you’re going to experi-
ence at least a 5-8% cost reduction on
the total cost of manufacturing,”
Greulich says. “On parts such as gear
blanks, or any part where the predomi-
nant operation is cutting off, the savings
can be in excess of 30-50%.”

The attachment was first developed
in the 1960s. Known also as the Kerf
Cutter™ system, it has been used exten-
sively in the screw machine industry,
according to Greulich. But recently, the
company has begun exploring how the
process can help the gear industry.

The attachment mounts to a host
machine and replaces conventional tool-
ing with a rotating saw. As the stock
turns, so does the saw.

Watkins Manufacturing believes in
the process so much that they have set
up their own gear blanking operation to
attract contract manufacturing work. If a
gear manufacturer wants to install rotary
sawing machines,
Watkins will supply them. The company
provides ongoing service and support, as
well as on-site startup assistance with
each system. But if you normally buy
your gear blanks, Watkins believes it can
manufacture the blanks more efficiently
than companies that use other methods.

One of the benefits of the rotary saw
cutoff method is that the cut is much

systems on his

thinner than methods that use single-
point tooling, Greulich says. Because of
the thinner cut, manufacturers can real-

The SAW-LUTIONS™ rotary saw attachment.
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ize significant savings because less bar

stock is wasted. At least 8—10% material
savings is experienced and, in some
cases, bar stock usage can be cut by
25-50% or more, Greulich says. Also,
longer tool life and fewer tool changes
contribute to long-term savings, he says.

Greulich adds that instead of long
strings of sharp metal, the rotary saw pro-
duces very small, dustlike chips, that are
much more disposable.

The process can become even more
productive when multiple saws are run on
the same arbor. With gear blanking, it’s
common to cut two or three blanks at a
time, Greulich says. But the company has
run as many as 10 saws on a single arbor.

Another advantage of the rotary saw
process is that it can typically cut faster
than conventional tooling. “This initial
impact can drive cycle time down and pro-
ductivity up substantially,” Greulich says.

Also, irregular shapes, such as extruded
bar stock or pinion stock, pose no special
problems for rotary saw cutting, whereas
traditional single-point tooling has a more
difficult time with start-and-stop edges.

In many cases, secondary machining
processes, such as double disk grinding,
can be reduced or eliminated, because the
rotary saw attachment produces parts with
better squareness, flatness and surface fin-
ish than parts cut off with single-point
tooling, Greulich says. The cut-off surface
flatness and squareness, he adds, can be
held to tolerances within 0.0003-0.002",
depending on job characteristics.

The rotary saw attachment can be used
on a multi-spindle machine, so additional
machining operations can be performed
at the same time. Those operations might
include cutting blanks for shoulder gears,
providing chamfers on the gear blank,
drilling, reaming holes or OD work.

The process is ideal for volumes of
more than 1,000 pieces, Greulich says.
“But there really is no ramp-up. Eighty to
ninety percent of the savings are from gear
one.” According to Greulich, there are even
greater efficiency gains when a machine is
producing the same part continuously over
a period of a week or a month.

The Watkins rotary saw cutoff process
has been used on bar stock up to 4" in
diameter and up to 30 Rc in hardness, but
the company is willing to “push the enve-
lope,” Greulich says, “especially when it’s
with materials we want to do R&D on.”

Saws for the attachment can be made
of high speed steel, tool steel or solid
carbide, and a variety of coatings,
including TiN, TiAIN and TiCN, are
available to enhance performance.

N RE\V/OLUTIONS |

In addition to gear blanks, the process
can be used to make other high volume,
precision turned parts, such as bearing
races, spacers, rollers or bushings.{}¥

Tell Us What You Think . . .

Send e-mail to wrs@geartechnology.com to
* Rate this column

* Request more information

« Contact the people or organizations mentioned
» Make a suggestion

Or call (847) 437-6604 to talk to one of our edi-
tors!

DRE. KAYSER

emm precision through diamond e
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FOR DIRECT PLATED DRESSERS

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

Double-Sided Dressers.

WE also produce

gear dressers for

« Gleason TAG
Gleason Pfauter
& Gleason Phoenix

« Liebherr

« Klingelnberg

« Oerlikon-Opal

« Hoefler

e Hurth
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» Samputensili

« Mikron

* Maag

* Csepel

We offer our customers
» Highest Accuracy
« Fastest Delivery

« Competitive Prices
* Relap & Replating Service

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

DR. KAISER gear dressers are the best value available.

Distributed by:

S.L. Munson 401 Huger St., Columbia, SC 29201

Company

Phone: 1-800-775-1390 » Fax: 1-803-929-0507
E-mail; info@sImunson.com
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Clydesdale

Clydesdale Forge is a world class manufacturer of ferrous
and non-ferrous forgings with an enviable reputation for
quality and on-time delivery backed up by the latest
technological and engineering support. From our two
manufacturing plants in the UK we already have a successful
track record of supplying major customers in North America.

+ Excellent product quality

+ On-time delivery

+ Excellent value for money

+ Experienced in Vendor Managed Inventory

+ CAD, CAM, 3D simulation and modelling

+ Carbon, alloy and stainless steel

+ Duplex, super duplex, 6Mo steels, aluminium, bronze, nickel and titanium alloys

+ On-site tooling, heat-treatment, NDT inspection and a UKAS accredited laboratory
+ A large range of products for various markets such as:

- Commercial vehicles

- Off road vehicles

- Agriculture

- Petrochemical and offshore drilling
- Nuclear

- Aerospace and defence

- General engineering

Give us call to see if we can meet your requirements

Clydesdale Forge
Marriot Road, Dudley, West Midlands, DY2 OLA, UK
Tel: +(44) 1384 252587
Fax:+(44) 1384 231005
bsite: www.clydesdale-fi co.uk
E-mail: sales@clydesdale-forge.co.uk

The Ultimate

Design Guide
for the Creative by

Subsystems
Designer

700+ pages of precision
components designed for
the fully integrated
subsystems in
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today’s most demanding g
{

automated industries. lnml
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For a FREE Design Guide
& CD with downloadable
CAD drawings:

Call 800-243-0986

or visit www.nordex.com

e Certified and Registered 1ISO 9001
RAB and RvA

® e Certified Class 100 Clean Room
e Certified New Hampshire Ball Bearing
Relube Facility

426 Federal Road  Brookfield, CT 06804 e Phone: (203) 775-4877 e Fax: (203) 775-6552

www.nordex.com ® Email: info@nordex.com

I INDUSTRY NEWS I
Wenzel Group Expands to Gear Metrology Field

The Wenzel Group of Wiesthal, Germany, has founded a sub-
sidiary, Wenzel GearTech GmbH, for the gear metrology market.

According to the company’s press release, the company
will start with 10 employees and will be managed by Hans-
Helmut Rauth.

The new location will be used for design and development,
sales and administration as well as a service base and demo
center. Among the first products to be produced by the new sub-
sidiary is a complete line of gear measuring machines with the
required mechanical components produced in the mother plant.

New Account Manager at Inductoheat

Florie Schwartz was hired as accou
manager at Inductoheat of Madiso
Heights, MI.

Schwartz has previously worked in thq
induction tube and pipe industry, according
to the company’s press release.

Inductoheat designs and manufacturg
induction-heating equipment.

Florie Schwartz

Ipsen Selected as John Deere Supplier

Ipsen International was chosen as the supplier of an atmos-
phere batch furnace line for the John Deere Waterloo Works.
The facility will use the fully-automated heat treat line for gear
carburizing and agricultural equipment components.

According to Ipsen’s press release, John Deere will utilize
Ipsen’s Iron Horse system to heat treat drivetrain gears and
shafts distributed to manufacturing facilities worldwide.

The Iron Horse system includes the Carb-o-Prof real time
carbon diffusing modeling and control package. The system
also includes multiple gas-fired TQF-2 double-chamber batch
straight through furnaces (size 17) with a rigid housing, posi-
tive motion transfer mechanism, and a low;Nfombustion
system using the company’s Recon Il burners.

Headquartered in Rockford, IL, Ipsen manufactures thermal
processing technologies.

New Sales Representative at Philadelphia Gear

Michael Bashour joined Philadelphia Gear in the newly cre-
ated position of southeast regional sales representative.

Bashour previously worked as district sales manager at Duff-
Norton Co. and as a sales representative for Lufkin Industries.

Among his new responsibilities will be leveraging the com-
pany’s technical expertise in the energy, mining, pulp and
paper, and rubber industries.

Lay Machinery and Service Network Form Agreement
Service Network Inc. (SNI) has appointed Lay Machinery

Systems as its exclusive representative for the state of Texas.
Among the products for Lay to bring to the market are the
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SN400-I internal and the SN200-E external production grinde
Both are targeted to manufacturers of bearings, automotive, a
space, industrial and heavy equipment components.
SNI offers service, parts and remanufacturing for all Hea
grinders, which are available through Lay Machinery.
Lay Machinery of Dallas, TX, is involved in machine sale
for numerous metalworking machine tool manufacturers.

Ajax Tocco Gets Japanese Contract

Ajax Tocco Magnethermic of Warren, OH, and ATM JAMCC

of Tokyo, Japan, have been awarded a contract from Gohsyl

Tokyo, Japan, to supply a 2,000 kW induction billet heating syste

A key feature of the system is ATM's enhanced hold circu

which can hold billets at a temperature during press while prg

lems are corrected, according to Ajax Tocco Magnethermi
press release.

The heater will be sent to Japan for installation and start- “EEFEM

in the second quarter of 2004.

Teals for the rellable evalusion
.. . of FEA pesults
mG miniGears and EPSCO Sign Contract Calcutation of Wfgtima frem given
mG miniGears reached an agreement with EPSCO Inc. | ress results el + |
representation in the automotive industry. . e I
According to mG miniGears’ press release, their recqd = Peviizmbond
9 °n press ! e e Mechanical
TS16949 certification played a large part in the decision to jd - J Waki =l 55 Dak 09 30
forces with EPSCO. U Solutions [P

mG miniGears designs and manufactures custom engineered
gears and gearboxes for automotive, industrial and power t

FELLOWS #
. SPARES 3
L -.

| |

]
lanical guides: spurl lical

fostatic guides: spur/helical

Aws "~

New Appointments at Timken

The Timken Co. of Canton, OH, announced several pers
nel changes effective in early 2004.

Frank C. Sullivan was elected president and CEO of RH
International, a division of The Timken Co. Sullivan has he
the positions of COO, CFO and a variety of corporate develq
ment and sales positions within RPM since 1987.

Tim Timken Jr. was elected executive vice president a
president of the steel group. He has worked for Timken sin
1992 in a variety of positions. For the last three years, he
served as corporate vice president and as a member of the b
of directors.

W.R. Timken Jr. announced his retirement from his positiq
as Timken executive officer. He will continue to serve on th
board of directors(}

Tell Us What You Think . ..
Send e-mail to wrs@geartechnology.com to
¢ Rate this article

* Request more information e *

¢ Contact the organizations mentioned ja Cimarosa 17—40033 Casalecchio di Reno ( 8

» Make a suggestion « 11ph 011 39 051 6117811 fax 011 39 051 61478 .
Or call (847) 437-6604 to talk to one of our editors! " -
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COMPANY PROFILE

Philly Gear:
A Long Life, A New Direction

Joesph L. Hazelton

arge marine gearboxes. More than a year in production,
each weighing 125,000 pounds, the gearboxes were for
U.S. Navy amphibious ships, for combining the power
of 10,000 hp diesel engines to drive propeller shafts.

They were also the last major gear products shipped from
Philadelphia Gear Corp.’s King of Prussia factory.

A mecca of the gear industry was closing. For more than 40
years, the mammoth factory (625,000 square feet) was a sym-
bol of Philly Gear. It was the embodiment of a company with a
long, storied history.

In 1892, Philly Gear was founded by gear pioneer George B.
Grant, builder of the first hobbing machine for cutting spur
gears. In 1916, it was one of nine gear companies to found the Philadelphia Gear Corp.

Established: 1892
No. of Employees: 150-200

American Gear Manufactuers Association. In World War 11, it
was manufacturing 14-foot ring gears for battleship rotating gun

9o ¢

turrets, for America’s “arsenal of democracy.”

In 2001, though, Philly Gear was struggling to survive, and Industries Served: Power Generation, Oil Refining,
its blue-and-white factory no longer fit into its future. Petrochemical, Marine, Cement

But the closing was part of a plan. Started in 1998, the plan Major Products: Gear Drives, Helical Gears, Planetary
called for transforming then 106-year-old Philly Gear into a Gears, Spiral Bevel Gears, Straight Bevel Gears,

company fit for the new economic order. Spur Gears
A New Direction . . .

In 1998, Philly Gear faced up to a growing problem. Foreign Quality Registrations: IS0 9001-2000
competition was reducing the profitability of the U.S. gear Website: www.philagear.com
industry. Many products manufactured overseas were proving
cheaper and equal or near equal to those manufactured in the Industry Affiliations

United States. Jules DeBaecke, Philly Gear’s vice president of « American Bearing Manufacturers Association (ABMA)
engineering, summed up the situation: “Too many suppliers and « American Gear Manufacturers Association (AGMA)

not enough customers.” Ameri Nl Sk s ANS|
So the company decided on a new direction: serve the after- * American National Standards Institute ( )

market. For Philly Gear, the aftermarket looked more profitable * American Petroleum Institute
than manufacturing gears for new industrial operations. * ASM International
Also, the company appeared well positioned to serve the e ASME International
aftermarket needs of the energy industry through its satellite « Association of Iron and Steel Engineers
51te§ in California, Delav‘vare, Illinois and Texas. Russ B?}ll, « ASTM International
chairman and CEO of Philly Gear’s parent company, explains . .
the sites were in areas populated with power plants. In the new * Heat Treating Society

strategy, the sites would be made into regional service and man- * International Organization for Standardization (ISO)
ufacturing centers. « Society for Mining, Metallurgy, and Exploration
Today, Philly Gear’s top three industries are energy related: « Society of Naval and Marine Engineers

power generation, oil refining, and petrochemical.
As part of its new direction, Philly Gear changed its very
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Precise Profiles

TRANSMECANICA Precision Tools e

Arsa

SOLD AND SERVICED BY:

In 2001, a factory gave way to an office suite. While reorganizing itself,
Philadelphia Gear Corp. moved its headquarters from its King of Prussia
factory to a Norristown office building.

G REG A LLEN nature, from its physical structure to its employees’ culture.

COMPAMY A New Structure

= - The first major changes in structure came in ’01. In
EaR TOO S THAT GEMERATE PROFIT b Phillv G i . d ] ) 5
February, Phi ear moved its executive and engineering sta
PHONE: 440.331.0038 Fac 440.331.0516 1> P ) € engineering
1135 LOFAIN ROAD from the King of Prussia factory to an office suite in nearby
FAIRVIEW PARK, OHIO 44136 Norristown, another Pennsylvania city. In July, the last gearbox

was shipped from King of Prussia.

Besides closing the factory, Philly Gear added a regional
S P I R AL B EVE L G E AR S center in Alabama. Today, the five centers allow a national cus-
L. tomer to deal with one company for all of its locations and
(TransmISSIOnS) allow a regional customer to use the center nearest its opera-
tions. Also, the California center provides specialized gear man-
ufacturing.

Changes in structure involved changes in personnel, too.

Philly Gear declines to provide exact numbers, but it employs
about 10 percent fewer people today than it did in 2001.

Besides these changes, the company also brought its archive
into the digital age.

A New Archive

Philly Gear wanted its employees to have quicker, more
independent access to its records, to improve efficiency.

Previously, Philly Gear’s archive was two iron mountains.

Filing cabinets filling two warehouses contained the company’s

Spiral & Straight Bevel Gear Manufacturing. paperwork, including technical drawings, service records and
Commercial to aircraft quality gearing. sales information—some 600,000 paper documents. To access
Spur, helical, splined shafts, internal & external, them, employees across the country faxed requests to the

shaved & ground gears. Spiral bevel grinding.

Midwest Transmissions & Reducers. Norristown office.
ISO compliant & AS 9100 compliant. If stored electronically, though, the archive could be

accessed directly by employees via computer. So Philly Gear
took its papers and converted them into digital images, a $1 mil-
MIDWEST GEAR MIDWE CONTACT: lion project.

& TOOL, INC. H CRAIG D. ROSS Today, engineers and other employees, in Norristown and

12024 E. Nine Mile Road (586) 754-8923 lsewh h to the d ts Vi d-pro-
Warren, MI 48089 rosscr@attglobal.net ~ FAX (586) 754-8926 cisewhere, have access 1o the documents via a passworc-pro

tected intranet.
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I COMPANY PROFILE I

Those records are useful to Philly Gear as an aftermarket
supplier whenever it’s called to service its brands of power
transmission products.

But Philly Gear services more than its own products. The
company expanded its repair and upgrade services to include
more than 30 other brands of products.

According to DeBaecke, serving many brands of products
increased Philly Gear’s pool of possible customers.

Although focused on the aftermarket and the energy indus-
try, the company still serves all industries on request and has
both foreign and domestic customers. Industries still receiving
new Philly Gear products include power generation, sugar pro-
cessing, rubber, cement, pulp and paper, petrochemical and
marine.

Aftermarket Services

“They have excellent repair services,” Stephen Goodberry
says.

Goodberry is lycra® maintenance planner for Invista Inc. He
plans all maintenance work for the fiber and chemical compa-
ny’s lycra-making machines, including their gearboxes. He also
obtains the parts to keep the machines running.

In his job, he’s worked directly with Philly Gear for 10-plus
years. In the past, he’s mainly used them as an OEM for new
parts for new projects and for replacement parts. The last few
years, though, he’s also been using them as an aftermarket sup-
plier, in part for repair services.

And why are those services excellent? Quick replies to calls,
listening well, and expedited, quality repairs, Goodberry says.

“Once it’s repaired,” he adds, “it’s fixed for good.”

For example, three years ago, Goodberry learned of an
impending problem with the gear reducers in his lycra spinning
machines. Oil ferrography and vibration analysis showed

excessive gear wear in the boxes.

The problem:
Invista hadn’t specified
the boxes correctly; the
oil pumps weren’t the
right size.

Goodberry contacted
Philly Gear, and the com-
panies got to work on the
problem. They were look-
ing at fixing 21 boxes in
the lycra division, located
in Maitland, Ontario,
Canada.

The boxes  were
switched out three at a

President and CEO Carl Rapp stresses time, sent to Philly Gear,
Philly Gear’s new aftermarket, service
strategy to employees, reminding them
“what the scoreboard says and how the
strategy’s being executed.”

who quickly turned them
around, and then put back
in their machines. In
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Custom Bevel Gear Mfg.

Per your Sample and/or Blueprint Specs

B<sR 7
Machine and Gesr Carporalion ﬁ

Sharon, TN

- Spiral Bevel Gears:. 66' PD

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

- Heat Treat Facility In-House

BREAKDOWN SERVICES

1-800-238-0651 - Fax 731-456-3073

email: inquirygt@brgear.com

website: www.brgear.com
CALL FOR BROCHURE

Lemmm

YOUR ONE STOP
0.E.M. SOURGE!

o

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

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

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

B K BDUFINE
SKOCH:
2500 Kishwaukee Street Rockford, IL 61104
phone 815/965-4013 fax 815/965-0019

www.bourn-koch.com bournkoch @worldnet.att.net
(800)922-8808 Springfield, VT Office
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Astrarium built in Padua in 1360 by Dondi dell'Orologio with different kinds of gears, some
of which never designed before. Reconstruction present in mG miniGears s.p.a. - Padua

To miniGears, precision is the attention given to developing gears
designed for the specific needs of every application. It is the reliability of
a sole supplier, who is able to offer a variety of different solutions: bevel,
helical and spur gears, all of which are available in cut metal, powder
metal or plastic, in addition, complete transmissions and motors are
also offered. It is the flexibility of a company that is accustomed to
dealing with internationally renowned customers. It is a quality based on
more and more restrictive parameters, granting miniGears world-wide
competitiveness. Precision is everything to miniGears.

mG miniGearsNorth-America
2505 International Parkway
Virginia Beach VA 23452 - U.S.A.

ph. (757) 627-4554 fax (757) 627-0944

o-mai: M. usa@rinigears com miniGears

I COMPANY PROFILE S

about a year, all the boxes were fixed.

“We were able to overhaul all 21 gearboxes before we sus-
tained any downtime due to equipment failure,” says
Goodberry.

A New Culture
Philly Gear had long focused on engineering and quality
and on OEMs, but Carl Rapp, president and CEO, says: “It
wasn’t as sensitive to customer service.”

That culture may have been possible in the past, but times
have changed.

“Customers do have other options out there,” Rapp says.

In Rapp’s opinion, Philly Gear had already taken a crucial
step toward a new culture when he joined the company in
September ’01. Earlier that year, Philly Gear had closed its
King of Prussia factory—in effect, severing ties with its past.

That closing and the opening of the Alabama regional cen-
ter made clear: The new strategy wasn’t empty talk, it was real
change.

To improve service, the company increased its on-time
delivery, communicated more with customers and improved its
sales force through new hires and more in-house training.

Philly Gear also changed its culture through communica-
tion, communication and communication.

“We reinforce regularly what it is we’re all about,” Rapp
says. “What the scoreboard says and how the strategy’s being
executed.”

The reinforcement comes in newsletters and monthly and
quarterly business updates. For the quarterly updates, Rapp visits
each regional center and talks to every Philly Gear employee.

Rapp says changing the culture took more than 18 months.
“It was bumpy,” he adds. “I think we’ve come through the
toughest part.”

The Outlook

Philly Gear’s new direction seems to be paying off. The
company’s aftermarket business has been growing annually.

And that performance is noticed by Russ Ball at American
Manufacturing Corp., Philly Gear’s parent company: “I am
extremely bullish on the Philadelphia Gear strategy.”

Transformed by the strategy, the company continues to man-
ufacture power transmission products for customers, including
the U.S. Navy. At its California center, Philly Gear is still man-
ufacturing 125,000-pound gearboxes for Navy amphibious

ships.£}¥
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William R. Stott

Image courtesy of Professor
Xiaodong Guo, Chongging
Institute of Technology.

GEAR AND GEARBOX DESIGN

KISSsoft is a software tool for the design of machine elements such as gears, shafts,
bearings, bolts, splines and springs. The main features of KISSsoft were developed for
gearbox design and analysis.

The software calculates most of the machine elements according to methods specified
in the current versions of DIN, ISO and AGMA standards. If no standard is available, ele-
ments are calculated based on well recognized and accepted literature, says Stefan
Beermann, marketing director for KISSsoft AG, located in Hombrechtikon, Switzerland.

In addition to calculating geometry, the software performs load rating calculations
against static and fatigue loads, and it includes a number of functions to help designers USRI R IR R S LR

. be presented, making it easier to size the elements to fit
optimize the parts. in a given housing.

One of the most powerful functions, Beermann says, is the software’s ability to iterate
through a given set of parameters for spur or helical gears. This allows the software to
determine the geometrically possible solutions and rate them according to strength, stiff-
ness, noise, weight or other functions.

KISSsoft was originally developed by Kissling & Co. AG, a Swiss gearbox manufactur-
er, but development and sales are now being handled by KISSsoft AG, an independent
engineering consultancy. “During the last 25 years, the software has been constantly
improved, and more functionality is added every day,” Beermann says.

Beermann adds that one of the strengths of KISSsoft is that it has been developed by
trained and experienced mechanical engineers, helping “to ensure that the design engi-
neer gets a practical tool for his daily work.”

In addition to KISSsoft, the company offers an add-on package called KISSsys, which [k ] ]
was developed for the definition of complete systems such as gearboxes or complete pow- 5#??3%2 iar!'Elvén?e[ﬁ??”T?retgxqa“nﬁ(ﬁﬂyafoevéhsenfvsvi'ESO\%
ertrains. With KISSsys, all parts—including gears, shafts, bearings and couplings—are Vwae'.yéﬂ?;,?gs':ﬁ}ﬁ(efsngle affects criteria such as noise,
linked, and the strength and life analyses are performed simultaneously for all elements.

KISSsys presents a 3-D graphic of the current state of the system. The graphic presentation shows the geometric influence of every change
in parameter. “This approach greatly accelerates the design process and results in a much more balanced design,” Beermann says.

For more information:

KISSsoft AG « Frauwis 1 ¢ CH-8634 Hombrechtikon, Switzerland

Phone: +41 (55) 264 20 30 * Fax: +41 (55) 264 20 33 * E-mail: info@kisssoft.ch * Web: www.kisssoft.ch
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The Gear Processor

HyGEARS version 2.0, “The Gear Processor"™ is a 3-D gear
modeling program for the design and development of hypoid, spiral
bevel, straight bevel, spur, helical and face gears, as well as involute
splines.

HyGEARS allows the design, analysis and optimization of gear
sets through functions such as tooth contact analysis (TCA) and
loaded tooth contact analysis (LTCA). It supports the design and
development of gears manufactured under Gleason's Face
Hobbing™, Fixed Setting™, Duplex Helical™, Modified Roll™,
Spread Blade™, Formate™ and Helixform™ cutting processes.

The software was developed by Dr. Claude Gosselin of Involute
Simulation Softwares Inc., located in Sillery, Quebec. According to
Gosselin, “The software has been extensively tested in industry.”

Blank geometry, cutter blade shape and machine settings can
be modified through the program’s “Summary Editor,” or those pa-
rameters can be optimized through more advanced user-guided
functions.

Transmission error, unloaded and loaded bearing pattern, torque
transmitted by meshing teeth, bending and contact stresses, bear-
ing reactions, thermal-EHD oil film thickness, temperature increase
and scoring factors are all calculated in real time, Gosselin says.

Also, the axial and radial positions of meshing gears, their align-
ment and shaft angle can be modified to analyze worst-case condi-
tions or to automatically produce grid-like projections of the
unloaded and loaded behavior of a gear pair.

Some of the advanced functions offered by HyGEARS include
finite element analysis pre-processing for meshing and load appli-
cations, as well as the analysis of gears under load using HyGEARS’
proprietary finite strips, which Gosselin describes as “an ultra-fast
subset of the finite element method.” Also, the software’s “Contact
Element” module allows the evaluation of contact stresses at any
point on the tooth surface.

The software can output target files for coordinate measuring
machines, including Zeiss Ram/RFD, Gear Bevel or Hofler formats.
HyGEARS can import CMM output files from the same types of
machines as well as Klingelnberg inspection machines. This allows
the software to calculate corrective machine settings or to reverse
engineer existing gear teeth, Gosselin says.

“CMM results can also be used to estimate the TCA and LTCA

With HyGEARS, support bearing and gearbox housing stiffness can -
be accounted for in the LTCA so that transmission error, bearing o
pattern, contact stresses and fillet stresses are calculated at the e
actual location under load.
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The axial and radial positions of meshing gears, their alignment and shaft angle can be mod-
ified to analyze “worst case” conditions, or to automatically produce grid-like projections of
the unloaded and loaded behavior of a gear pair.

behavior of a real gear pair,” Gosselin adds, “and this allows trou-
bleshooting problematic gear sets.”

The software can be modified for customers in order to add spe-
cific functions or results, or to automate tasks, Gosselin says.
For more information:
INVOLUTE SIMULATION SOFTWARES INC.
2491 des Hospitalieres, Sillery, Quebec G1T 1V6, Canada
Phone: (418) 656-6428 * Fax: (418) 656-0687 * E-mail:
involute@microtec.net

Simple and

keep it simple.

Easy to Use

ple, easy-to-use software that can be used for a single purpose.”

For more information:

The philosophy behind software at DR Gears, a gear consultancy based in Tunbridge Wells, England, is to

“In my 38 years in the gearing industry, | have used a lot of gear software. | have also worked with a lot of col-
leagues who are brilliant engineers but are scared of the gear field and consequently put up walls against this
‘black art,”” says David Robinson, president of DR Gears. “I have tried through our software to bring a simple 1-2-3 method of use by offering sim-

Robinson offers a number of these simple programs through his website, www.drgears.com.
For example, GeaRatio allows the user to determine the number of teeth needed in each member of a gear set, based on entering a deci-
mal ratio. It can be used to determine change gears for milling, hobbing, shaping or grinding machines. Base Tangent is used for calculating
tooth size based on number of teeth, pitch, pressure angle, helix angle and profile shift. It will accept module, diametral pitch or circular pitch
measurements. Pin Diameter calculates dimensions over or between pins for internal or external gears.
Each of those programs is available at the company’s website for U.S. $50. The website also has a number of free utilities available for download.

DR GEARS LTD., 19 Highfield Road  Tunbridge Wells, Kent TN4 9BBe United Kingdom
Phone: (44)(1892) 531616 « Fax: (44)(1892) 462536  E-mail: backlash@drgears.com « Web: www.drgears.com
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Integrated Gear Software from UTS

The gear design and manufacturing software of Universal Technical Systems Inc. has been widely used for nearly 20 years. Until
now, that software was composed of individual modules. Now that system has been combined into a single, comprehensive environ-
ment.

UTS’s Integrated Gear Software (IGS) brings together more than 70 modules of the UTS system—each representing a particular
issue or stage in the gear design and manufacturing process—into one seamless knowledge environment that calculates, shares
data, archives designs, does tolerance analyses and produces detailed reports.

IGS retains a modular structure, and the modules are grouped in six packages: Advanced Gear Design and Manufacturing, Basic
Gear Design and Manufacturing for Metal Gears, Basic Gear Design and Manufacturing for Plastic Gears, Crossed Axis Gear Design,
Epicyclic Gear Design, and Spline Design and Manufacturing. However, with /GS, all the modules are designed to work together and
to pass data back and forth seamlessly.

The metal gears basic package covers design and analysis, preliminary sizing, tooth thickness and coordinates, mesh geometry,
profile shift coefficients, stress and life analysis, and measurement over pins. The plastic gear basic package covers all these and
adds programs to cover such factors as temperature, moisture and mold design. The
advanced package covers such issues as specific types of hobs and cutters, yield
stress, involute geometry, scoring analysis, tip relief and minimum-weight gearbox.

Like the previous versions of UTS software, /GS is powered by TK Solver, UTS’s
mathematical and programming environment. One of the key advantages of using 7K
Solveris the software’s ability to “backsolve.” This allows designers to enter data in
the fields they want, and the software solves for the other values.

The software also includes comprehensive project management features, so that
designs can be grouped together by project and projects grouped together in packages.
The project manager also allows designs from one project to be reused for another.

IGS comes with many standard reports, which can be printed or output to word
processing files. The software also has the ability to prepare comparison reports so
that values from different data runs can be shown side-by-side. Also, reports can be
customized. The user can select which data should be shown, including inputs, out-
puts and plots, and these customized reports can be saved as templates and reused.

UTS gear software customers with a maintenance agreement can receive the
upgrade to /GS automatically. Those with expired service agreements can renew
them for a small start-up fee.

More complete details regarding the capabilities of /GS are available on the com-
pany’s website, www.uts.com. UTS also offers an online demonstration of /GS
through “Live Meeting,” as well as on-site demonstrations.

For more information:

UNIVERSAL TECHNICAL SYSTEMS

202 W. State Street, Suite 700, Rockford, IL 61101-1437

Phone: (815) 963-2220 » Fax: (815) 963-8884  E-mail: sales@uts.com * \Web: www.uts.com

FO rg I n g S I m u I atl O n forge?;/) ;lrgullgm% Itrt:g ;%E:Sg process, engineers at ProSIM are able to reduce the design and development time for

ProSim, based in Bangalore, India, is a consultancy specializing in process modeling for forged and other
formed parts. The company uses finite element analysis software to develop what they call a “virtual gear forging shop.”
“Finite element analysis-based process modeling can be a useful tool for rapid design and development of the gear
o forging operation,” says Dr. S. Shamasundar, director of ProSIM. “The costs involved in trial and error-based die tryouts
f'f can be reduced, and the lead time brought down.”
Color bands show the The engineers at ProSIM use DEFORM, the commercial version of a nonlinear FEM code originally developed by
strain distribution in Battelle Memorial Lab for the U.S. Air Force. DEFORM is produced by Scientific Forming Technologies Corp. of Columbus,

warm forging a spur OH.

gear. Through the use of the software, ProSIM is able to predict defects such as laps, folds and underfills. ProSIM engineers

can also estimate die load and the microstructure of forged parts, as well as predict tool and die wear and failure.
ProSIM uses the software to predict the flash geometry and volume produced by a forging process. Flash is excess material
that has to be removed after forging. By optimizing the process, ProSIM engineers are able to reduce flash volume and decrease
scrap.
“Gear forging process simulation means more development in less time,” says Shamasundar.

For more information about DEFORM software:
Scientific Forming Technologies Corp., 5038 Reed Road, Columbus, OH 43220-2514
Phone: (614) 451-8330 » Fax: (614) 451-8325 » E-mail: sales@deform.com  Web: www.deform.com

For more information about ProSIM’s services:
ProSIM, 326, Ill Stage, IV Block, Basaveshwara Nagar, Bangalore 560079, India
Phone: (91) 80-323-7487 » Fax: (91) 80-323-7427+ E-mail: shama@pro-sim.com ¢ Web: www.pro-sim.com

22 JANUARY/FEBRUARY 2004 « GEAR TECHNOLOGY » www.geartechnology.com « www.powertransmission.com



http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.uts.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.pro-sim.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.geartechnology.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.powertransmission.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.deform.com

Parallel Axis Gear Analysis

PowerGearis a design and analysis tool for internal or external
spur, single helical and double helical gears. The software was
developed by Ray Drago and Remco deJong of Drive Systems
Technology Inc., located in Glen Mills, PA.

The software uses a prompted input sequence that allows it to
calculate gear tooth geometry, tool geometry, bending and con-
tact stresses, flash temperature, strength and durability ratings in
accordance with AGMA 2001-C95, EHD film thickness, frictional
power loss, scoring hazard rating, tooth profile kinematics, sub-
surface shear stress/strength, required case depth for surface
hardened gears, and other calculations. PowerGear also pro-
duces the manufacturing data needed to prepare an engineering
drawing of a gear.

PowerGear can operate in conventional U.S. units or metric
units, and it can switch between the two. Users can directly enter
geometry parameters themselves or use the software’s “paramet-
ric mode” to allow the program to calculate the geometry for them.

A complementary module, DrawGear, is included with
PowerGear. DrawGear allows gear mesh action to be viewed
dynamically on screen. The gears rotate so that a visual indication
of mesh action can be observed.

The full professional version of PowerGear costs $695. A 30-
day demo version can be downloaded at www.gear-doc.com.
Also, a limited-capability student version of PowerGear is includ-
ed in the cost of the “Applications in Parallel Axis Gear Design”
seminars presented by Ray Drago at the University of Wisconsin-
Milwaukee (visit www.uwm.edu/dept/ccee for information about
the seminars).

For more information:

DRIVE SYSTEMS TECHNOLOGY INC.
24 Marlborough Lane

Glen Mills, PA 19342-1519

Phone: (610) 358-0785

Fax: (610) 358-2776

E-mail: gear-doc@att.net

Web: www.gear-doc.com

Trogetec's ACADS software can produce animations and motion profiles for unusual
gear configurations, such as the one-station cardioid indexing device shown here.

Animated CAD Solutions
from Trogetec

A newly released software package from Trogetec Inc. of
Riverton, WY, was developed “to help gear designers obtain theo-
retically perfect solutions for realizing specific objectives in
designing gears,” says president Sandor J. Baranyi. Trogetec spe-
cializes in the design, engineering and manufacturing of tro-
choidal and involute gear systems.

The software, called ACADS, provides animated images of
gear systems to allow designers to visualize and understand how
complex mechanisms work. The software also can provide “com-
posite-flash” images, which are static representations of a gear
system'’s motion.

In addition, the software allows quantitative evaluation of var-
ious engineering conditions based on corresponding numerical
data files or CAD images. Examples include studies on initiating or
terminating gear tooth engagements, avoidance of involute profile
undercutting and fouling. Applications for involute and trochoid
(cycloid) gearing include: determining gear mesh efficiency; prov-
ing studies for CNC machining; convex/concave profile enveloping
for internal or external spur, helical or spherical gear meshes; and
special kinematic studies of mechanism operation.

According to Baranyi, the software can be useful in research-
ing and developing competitive new mechanisms.

Trogetec also provides the following software titles:
EZGearplot, for designing, manufacturing and quality control engi-
neering tasks related to involute and cycloidal gears, speed
reducers, roller chain sprockets, cams, compressors and vacuum
pumps; INVOGEAR, a companion to EZGearplot that expands that
software’s capability to include nonstandard involute spur and
helical gears; and MODOPT, which produces high-speed motion
profiles for cams, motion servos and other mechanisms.

For more information:

TROGETEC INC.

605 E. Washington Ave.

Riverton, WY 82501

Phone: (307) 856-0579 * Fax: (307) 856-0579

E-mail: sales@trogetec.com *\Web: www.trogetec.com
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GearDesignPro from
Dontyne Systems

GearDesignPro is a new program for designing spur and heli-
cal gears, published by Dontyne Systems of Newark, England. The
software, which rates gears for contact and bending strength
according to IS0 6336, is intended for both novice and advanced
users.

Features of GearDesignPro include flash temperature calcula-
tions, center distance optimization, tolerancing based on IS0 1328,
measurement over balls, and partial DXF output.

The center distance optimization routine allows the designer to
determine the minimum center distance that still allows all safety
factors to be above 1.0. The calculation is based on the input of
helix angle, material properties and other geometry constraints.

One of the advanced features of the software is a “Design
Workspace Search,” which allows the user to generate thou-
sands of gear designs and analyze and compare them in minutes.
Various parameters can be plotted against each other, enabling
the designer to select the optimum design for his or her require-
ments.

GearDesignPro comes in three different versions: Basic,
Standard and Advanced. The Advanced version costs £1,200
(about $2,080) and includes all features and functions described
above. The Standard version costs £800 (about $1,390) and
excludes the “Design Workspace Search.” The Basic version
costs £200 (about $350) and excludes the “Design Workspace
Search” and the center distance optimization routine.

For more information:
DONTYNE SYSTEMS

59 Kelham Road

Newark, Notts NG24 1BU
United Kingdom

Phone: (44) 1636-704343

Fax: (44) 1636-704343

E-mail: davidp@dontyne.co.uk
Web: www.dontyne.co.uk

GearOffice©
calculates hobbing
parameters, includ-
ing feed rates, cut-
ting speed and num-
ber of cuts.

Software for Gear Hobbing

GearOffice© is a Windows-based computer program for cal-
culating hobbing machine settings and for organizing gear setups,
hobs, machines and hobbing projects.

The software was developed and written by GearOffice Inc. in
consultation with Yefim Kotlyar of Bodine Electric in Chicago, IL.
GearOffice is available for sale through GearHelp LLC of
Cincinnati, OH.

The program is capable of calculating hobbing parameters,
such as cycle time, chip thickness, approach and overrun dis-
tances, hob setting angle, feed scallop depth, depth of enveloping
cuts, force, power and torque. The program provides recommen-
dations for feed rate, cutting speed and number of cuts. Also, it
can recommend an appropriate cutter from the GearOffice data-
base or automatically design a new hob.

GearOffice provides various gear calculations as well, includ-
ing the relationship between tooth thickness, dimension-over-pins
and span measurement; hobbing machine adjustments based on
over-pins or over-span measurements; geometry and gear inspec-
tion parameters; and tolerances according to AGMA, DIN or ISO
standards.

“One of the unique features of GearOffice is its powerful or-
ganizer that provides means to create, maintain and sort gears,
machines and hobs,” Kotlyar says. All data is stored in an MS-
Access database. A gear, machine and hob can be combined into
a hobbing project to determine or specify cutting parameters. The
same gear, hob or machine may be selected in multiple hobbing
projects.

“GearOffice can be a useful tool for manufacturing engineers
and managers, hobbing estimators, hobbing machine operators,
hob inventory control personnel and gear inspection personnel,”
Kotlyar says.

GearOffice costs $650, and a 30-day trial version is available.
For more information:

GEARHELP LLC

903 Baccarat Drive, Cincinnati, OH 45245
Phone: (513) 947-8327

Fax: (513) 947-8328

E-mail: Bill@GearHelp.net
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ProXpt Expands GearCAD’s Capabllltles

ProXpt is a new software package from Gearsoft Design of Lane Cove, T
Australia. ProXptis an advanced gear profile manipulation and enhancement tool
designed to be used in conjunction with GearCAD, Gearsoft's gear design soft-
ware.

GearCAD performs geometry calculations for internal and external spur, helical
and planetary gear sets using module, diametral pitch or Fellows stub tooth for-
mats. Features of GearCAD include addendum modification, non-standard center
distance, selectable backlash, tooth sizing and load checking. It also includes sub-
windows for cutter selection, center distance calculation, permissible load
approximation and other calculations.

“The visual design concept makes the program an ideal tool for the novice gear
designer as well as an expert,” says Gearsoft manager Stan Koch. ’ :

ProXpt takes the gear design a step farther, Koch says. “It is especially suited GearCAD is used for calculating internal and external spur, helical and
for designing profiles for plastic gears, sintered gears or high performance gears."” PIETE D R

With ProXpt, the gear profile can be visually or numerically modified by o
applying tip relief and tooth rounding. The values can be exported as DXF files,
which can be used as input for NC programs or CAD programs. ProXpt also con-
verts DXF line output to arc output to reduce the size of the DXF files, Koch says.

GearCAD costs U.S. $895, and ProXpt costs U.S. $345. Demo versions of each
are available at the company’s website.

For more information:

GEARSOFT DESIGN

8/26 Huxtable Ave., Lane Cove, NSW 2066 * Australia

Phone: + (61)(2) 9411-1984 « Fax: + (61)(2) 9411-1282

E-mail: winches@ozemail.com.au * \Web: www.gearcad.com

ProXpt allows the user to modify the tooth profile of gears designed in
GearCAD.

Gears and the Internet

been working on a number of projects aimed at bringing the gear industry into the Internet age.
Su, head of the research group.

This prototype database would be used on a gear manufacturer’s website.
Instead of storing DXF drawings for each variation of a part, the team’s soft-
ware would create the drawings for users at the click of a button.

Another project at the research group is the development of a gear
design optimization routine created to run over the Internet without down-
loading any software. The group is also working in other areas of Web-
enabled collaborative design, Su says.

For more information:

SCHOOL OF COMPUTING AND TECHNOLOGY
Maudslay Building, The Nottingham Trent University
Burton Street, Nottingham NG1 4BU, United Kingdom
Phone: + (44)(115) 848-2306 * Fax: + (44)(115) 848-6506

The Mechanical Design and Concurrent Engineering Research Laboratory at The Nottingham Trent University in Nottingham, England, has
“Application of Web-enabled technology into gear design and manufacture is one of our major research interests,” says Professor Daizhong

One of the projects the group has worked on is the development of a Java-enabled database that can create DXF drawings of gears on the fly.

Edarjraimid

E-mail: daizhong.su@ntu.ac.uk T e _—

Web: www.facct.ntu.ac.uk/research/groups/mechdes Researchers at The Nottingham Trent University have developed an interactive database that

will generate DXF drawings of gears on the fly.
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Modified Shaving Cutters
for Low Noise

Dr. Stephen P. Radzevich, a former professor of mechanical
engineering and consultant to New Venture Gear in Syracuse,
NY, has developed software for reducing noise in automobile
transmissions that use pinions finished by gear shaving.

The software, called SHAVER, was developed for use with the
Mitsubishi ZA30CNC shaving cutter grinder. The main function of
the software is to modify the tooth surfaces of shaving cutters in
order to provide modified tooth surfaces of pinions manufactured
by them. Those modified pinion tooth surfaces help to create qui-
eter transmissions.

“Application of topologically modified pinions allows the
reduction of transmission error up to two times,” Radzevich
says.

SHAVER allows computation of the desirable shaving cutter
tooth surface, the grinding wheel axial profile and the actual shav-
ing cutter tooth surface that will result. The software also com-
putes the actual pinion tooth surface that will result from using the
cutter, as well as predicted deviations between the actual pinion
tooth surface and the desirable pinion tooth surface.

According to Radzevich, the software could be expanded to
allow for optimization of parameters such as grinding wheel
diameter, grinding wheel axis tilt angle, and worktable accelera-
tion/deceleration. Radzevich is also working on versions of the
software to be used with cutter grinding machines from Kapp
and other manufacturers.

For more information:

Stephen P. Radzevich, Ph.D.

215-3 Deerfield Road, East Syracuse, NY 13057
Phone: (315) 437-6317

E-mail: Stephen_Radzevich@hotmail.com

Transmission Analysis

The TYCON software package from AVL List GmbH is a special-
ized tool for the analysis of valve trains, timing drives and transmis-
sions. TYCON can help engineers calculate the dynamic behavior of
gears and shafts in transmissions or gear units. Those calculations
can be useful in assessing contact behavior and forces and inves-
tigating noise mechanisms, such as gear rattle or whine.

TYCON determines tooth contact forces in gear meshes as well
as changes in flank contacts. The software can also calculate
forces in belts or chains, as well as torques in shafts. The displace-
ment, velocity and acceleration components of gears, pulleys,
sprockets and shafts are also calculated.

Gear elements are represented by mass and moment of inertia.
They're modeled with up to six degrees of freedom. Variable gear
mesh parameters include backlash, stiffness, damping and geome-
try. Friction forces can be defined as constant or dependent on fric-
tion and velocity. Contact geometry, meshing stiffness and damping
can be calculated in a pre-processing module.

The software also includes a variety of related elements in its
modeling analysis. Those elements include shafts, bearings, belts,
chains, sprockets, pulleys and guide elements.

TYCON has an interface to another AVL software package,
EXCITE, which is used for acoustic analysis of engines and trans-
missions.

AVL, founded in 1948, is a privately owned, independent compa-
ny specializing in the development of powertrain systems for inter-
nal combustion engines as well as instrumentation and test sys-
tems.

For more information:

AVL Powertrain Engineering Inc.

47519 Halyard Drive, Plymouth, M| 48170-2438
Phone: (734) 414-9618  Fax: (734) 414-9690

E-mail: ast.na@avina.com * Web: www.avl.com/pei
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GSHgears is compre- T —
hensive software for
the design, manufacture
and development of
spiral bevel and hypoid
gears. It includes the
ability to export finite
element models.

GSHgears can export data for the creation of 3-D solid models through the simu-
lation of the cutting process.

Spiral Bevel Design, Manufacturing and Analysis

GSHgears, developed by a research group at Chongging Institute of Technology in China, is commercial software for the design, manufacture and
analysis of spiral bevel and hypoid gears of the Gleason toath system.

According to associate professor Xiaodong Guo, who led the group that developed the software, GSHgears can help engineers determine blank dimen-
sions, cutter specifications and machine settings. The software can calculate stock distribution for pinion finishing, and the user can modify the roughing
setting to optimize stock distribution.

Also GSHgears includes tooth contact analysis for optimizing contact patterns and reducing transmission error.

The software provides an interface to 3-D gear analyzers from M&M Precision Systems Corp. The software’s output data can be used to initiate the
M&M gear analyzer, which simplifies the operation of measuring a bevel gear, according to Guo. Also, the inspection machine interface allows measured
data to be imported into the software. After a gear's actual tooth surface is measured on the 3-D gear checker, GSHgears can calculate machine modifi-
cations using its own optimization algorithm designed to achieve the ideal tooth form.

In addition, the software includes a finite element pre-processing module, which allows the user to create a multi-tooth finite element model for MARC,
ABAQUS or I-DEAS finite element analysis software. The FEA model is based on the designed gear parameters, such as blank geometry and actual cutter
specifications and machine settings.

Cutting process simulation is achieved through an AutoCAD 2000 model, which imports data from GSHgears, cre-
ates the cutter and gear 3-D solid models, simulates the cutting settings and creates a 3-D toothed gear solid model.

So far, Guo says, the software has been installed in more than 40 factories in China and one in Turkey.

For more information:

GSHgears

Xiaodong Guo, Professor of Mechanical Engineering

College of Automobile Engineering

Chongging Institute of Technology ® Chongging, China

Phone: + (86)(23) 6866-0454 ¢ Fax: + (86)(23) 6866-0454 * E-mail: xdguo@cqu.edu.cn

If you're looking for proven gear design software but don’t have the budget for an expensive system,
Fairfield Mfg. Co. Inc. of Lafayette, IN, has a solution for you.

Since 1985, Fairfield has sold the DOS version of the company’s software through the AGMA, but
now the software, including a beta Windows version, is available for free via www.fairfieldmfg.com.

Free Gear

Design Software

Fairfield’s gear design software calculates geometry, rating, stress and life values for spur, helical, planetary, bevel and spiral bevel gears.
Calculations are based on AGMA 2001-B88 and publications of The Gleason Works.

In addition, Fairfield has provided a beta version of a dimensional analysis program to aid in performing and keeping track of assembly
stackups during the design phase of a project.

For more information:

FAIRFIELD MFG. CO. INC.

US 52 South ¢ P.0. Box 7940 » Lafayette, IN 47903-7940

Phone: (765) 772-4000 * Fax: (765) 772-4001 « Web: www.fairfieldmfg.com

www.powertransmission.com « www.geartechnology.com « GEAR TECHNOLOGY « JANUARY/FEBRUARY 2004 27



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

Understanding Fluid Flow to Improve
Lubrication Efficiency

Haruo Houjoh, Shun-ichi Ohshima, Shigeki Matsumura, Yasuhiro Yumita, Keiji Itoh

Abstract
Excess lubricant supply in gearing contributes to power loss
due to churning as well as the requirements of the lubrication sys-
tem itself. Normally, a much larger amount of oil than required is

Table 1—Dimensions of tested gears.

Gear ID S H1 H2 H3 H4
Helix angle (deg.) b 0 13 16 21 30
Number of teeth z 76 74 73 71 66
Normal module my 4

Pressure angle (deg) o, 20

Face width (mm) b 100

Center distance (mm) a 304

Outer diameter (mm) d, 312

Contact ratio [182 [344 | 377 | 428 | 509

Slip-ring Helical Gear {Steel: Driving)

— :'Z"i_‘J
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Figure 1—Gear arrangement for pressure measurement.

Figure 2—Appearance of rods and gear with rods at the bottom
of teeth.

used for cooling because so much of it is thrown away by cen-
trifugal force. To lower the amount of lubricant required and
reduce those losses, it is necessary to discover the ideal location
of the supplying nozzle. The authors have measured the pressure
variation during the mesh process, which will give us an idea of
how we can deliver the lubricant with minimal but efficient cool-
ing. Pressure measurement was done for several pairs of helical
gears that have gages installed at the bottom of the root space. A
sucking action is found to distribute lubricant along the tooth
mesh, especially at the recess side of meshing. Although there is
a global axial flow due to the helix angle, which is directed from
the leading side towards the trailing side, the opposite flow exists
partially at the trailing side.
Introduction

Social requirements for energy saving are forcing various
efforts to reduce excess power losses of mechanical elements. For
a gear reducer, auxiliary consumption may be due to lubrication
systems, windage, etc. Several solutions have been proposed by
gear manufacturers. Renk AG is now utilizing a vacuum chamber
to reduce windage loss (Ref. 1) while D.D. Winfree describes a
method of decreasing windage loss by applying a baffle close to
the tooth tip (Ref. 2). Since there are quite a few kinds of gear
reducers, the solution must not be unique to just one kind.

Although the lubricant is expected to cool the tooth surface just
after meshing, most of it does not work as expected because the
lubricant is cast or thrown away by a strong centrifugal force
before tooth engagement occurs. If one feeds the oil from the
mesh entrance, most of it will get out before the mesh action. It is
only vaguely known whether feeding the oil from the mesh exit
works for both lubrication and cooling. These arguments have
existed since the early stages in gear technology. However, the
optimal way to avoid energy loss by reducing the amount of oil is
still uncertain.

With a main focus on cooling the tooth, it is necessary to observe
the behavior of the medium around the mesh region and find a way
to deliver the oil to the appropriate position. This depends on the
pitch line velocity, but the authors have found some strong pump-
ing and suction effects, even at operating speeds of less than 50
m/sec. Accordingly, the present work will provide a database of
dynamic air behavior, which closely correlates the oil delivery. The
behavior at the mesh end region is mainly observed since it is
important to feed enough oil there to cool the tooth surface.

The authors have already presented the behavior for a pair of
spur gears (Ref. 3). Although the result was quite interesting, it
seemed difficult to utilize the results for practical gearing since
the air gets into the tooth space from both ends as a one-dimen-
sional flow and collides at the middle of the tooth width. On the
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contrary, observation of a helical gear pair seems quite valuable
since axial pumping action is expected to assist delivery of oil
to the full surface.

Experimental Condition

Tested Gears. Four gear pairs were prepared to measure the
pressure fluctuation at the tooth space bottom with different helix
angles as shown in Table 1. Gears were assembled as shown in
Figure 1 for pressure measurement. Each pair consists of a steel
gear as a driver for pressure measurement and a nylon gear as a
follower for dry operation. Every steel gear has left-hand helix
angles, while the nylon gears have right-hand helix angles. For
pressure measurement, cylindrical rods were embedded into a
steel gear body aligned parallel to the axis so that a part of its skin
conforms to part of the tooth space bottom.

Pressure Measurement Rod. For this purpose, rods were
inserted to pre-bored holes before hobbing the gear blanks. Then,
teeth were fabricated by hobbing, along with tangential shifts, to
have narrower tooth thicknesses so that the bottom of a tooth
space has sufficient width for exposing the pressure gage surface
properly. Afterwards, the rods were removed and machined to
attach the pressure gage so that the sensing surface was in the
same plane as the bottom surface. Four or five rods were embed-
ded in one gear body in such a position that the measurement
could be done at desired places distributed width-wise over the
length of the tooth space.

As shown in Figure 2, the measurement positions of the sen-
sors were designed to be approximately b = 5, 20, 35 and 50 mm
axially distant from the leading edge of the tooth space. Because
of symmetry in the rotating direction, b can also equal 95, 80, 65
and 50 mm respectively under reverse rotation. Semiconductor
press gages with a 3 mm diameter were used and embedded in the
rod. Then the sensor surface becomes part of the bottom of the
space and measures gage pressure. The sensor could measure tran-
sient behavior with resonance frequencies higher than 50 kHz.

Measurement

A schematic measurement system is presented in Figure 3. The
pressure signal was fed through a slip ring at the end of a shaft to
an FFT analyzer, and it averaged the signal synchronously to a
once-per-revolution trigger signal. The number of averaging was
determined 256 times to eliminate variation and system noise.

Measured pressure fluctuation can be presented in terms of two
kinds of angular positions of a gear—the first is the angular posi-
tion of individual pressure sensors that demonstrate behavior in
accordance with the rotation of tooth space on the traverse cross-
section, including the sensor. The other presents the behavior
against the gear body, which corresponds to the dependence on
time and medium motion. In this paper, the latter expression is
used and represented by the angular sensor position of b =5 mm.
Figure 4 indicates the angular movement graphically to assist in
better understanding the geometry.

Experimental Results

Figure 5 shows gage pressure vs. angular movement of a
driving gear for the case where the helix angle is f = 13° at the
speed of 3,780 rpm (about 60 m/sec) of pitch line velocity. The

Cigar

lPJL"thI.['L" transducer | | Ru.:l'lq*.u.;mrj

Optical pick-up

I Bridge circuit |

Data acquisition Trigger

sysiem

Figure 3—Schematic diagram of measurement procedure.
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Figure 4—Geometry of pressure sensor installation from axial view.
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Figure 5—Time dependence of pressure at tooth space for a heli-
cal gear pair (B = 13°); Triangles at the bottom of abscissa show
the position of the minimal cross-sectional area of individual pres-
sure measurement.
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horizontal axis indicates the angular position of a sensor placed
at b =5 mm. The small triangles on the horizontal axis mark the
points where the center of backlash of each transverse cross sec-
tion passes across the pitch point height.

Pressure rise begins at the leading end of the tooth space b =
5 mm, and it is followed by consequential pressure rise point-
by-point to the trailing end. The pressure fluctuation is not
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Figure 6—Time dependence of pressure at tooth space for a heli-
cal gear pair (B = 16°). Triangles at the bottom of abscissa show
the position of the minimal cross-sectional area of individual pres-
sure measurement.
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Figure 7—Time dependence of pressure at tooth space for a heli-
cal gear pair (B = 21°). Triangles at the bottom of abscissa show
the position of the minimal cross-sectional area of individual pres-
sure measurement.
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Figure 8—Time dependence of pressure at tooth space for a hel-
ical gear pair (B = 30°); Triangles at the bottom of abscissa show
the position of the minimal cross-sectional area of individual
pressure measurement.

30

strong at the leading end, and the trailing end’s fluctuation is
different from others. This weakness must be due to the bound-
ary effect of tooth ends. Pressure curves at the inner locations
have phase lag that corresponds to the helix angle. Basically,
individual pressure increases gradually as the space goes
through meshing and becomes higher at one pitch before the
sensor passes through the pitch point height. The maximum is
hereafter called “positive peak.”

The maximum pressure seems independent of sensor posi-
tion except at both ends. After reaching the maximum pressure,
it then switches from positive to negative when the center of the
backlash cross section passes along the pitch point height.
Negative pressure becomes lower when the sensor passes across
the pitch point. This is called the “negative peak,” which occurs
when the backlash space passes along the pitch point height.
Both representative points slightly differ from each other with
respect to peak magnitude and timing, both of which are
dependent on sensor position.

The negative pressure is remarkably strong when compared
to positive pressure. It is exceptionally strong at the points of
both b = 50 and 65 mm. The pressure fluctuation resembles the
results of spur gear tests presented by the authors from the
aspect of global view. In addition, there is a specific pressure
fluctuation at the trailing end b = 95, where the negative peak
position is hardly found because it lasts for a certain period,
which seems independent of the formerly described peak.

The results of other gears are shown in Figures 6-8. The
basic shape of pressure variations is almost the same except for
the magnitude. As the helix angle increases, the pressure
becomes smaller and spacing of traces become wider due to
larger lag times between adjacent sensing sections.

Discussions

Dependence of pressure on speed. From Figures 5-8, pos-
itive and negative peak pressures were read from the temporal
traces and plotted on Figure 9 for two types of gears B = 13° and
30°. It is obvious that the peak pressure (absolute value) is pro-
portional to the square of speed for both positive and negative.
This quadratic tendency is naturally understood from the view-
point of compressible fluid dynamics. Previous studies for a
spur gear indicated this same tendency.

Dependence of pressure on helix angle. 1t is also clear that
the peak pressure decreases as the helix angle increases. The neg-
ative peak pressure is much stronger than the positive one. It is
supposed that the positive peak pressure at the entrance of engage-
ment will refuse the oil delivery. On the contrary, negative pres-
sure at the end of the engagement will help the oil delivery reach
the tooth surface after meshing. This will be available only for
effective cooling on the surface, not for friction reduction, because
the oil must be thrown away by the centrifugal force.

Temporal and spatial behavior of pressure fluctuation.
The pressure variation at the bottom of the tooth space indicates
nothing but the pressure. Then, it is necessary to grasp the pres-
sure fluctuation versus time in a 3-D space and imagine the
motion of the medium.
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Figure 10 shows the results compiled from the pressure
measurement in Figure 6, B = 13°, 3,780 rpm. Each plot indi-
cates the instantaneous pressure distribution along the tooth
space. Angles presented at the left side indicate the angular
movement of the gear in terms of the position of the pressure
sensor placed at 5 mm interior from the leading end face of the
gear. The negative angles indicate the region where the space is
approaching the mesh, and therefore the angular position of —1°
means that the tooth space of the driving gear at b =5 mm is at
the position before passing the pitch point height.

Oblique lines are the timing of backlash space passage at
individual transverse cross sections where, as shown in Figure
11, mating (driven) tooth tips just enter the tooth space or
invade the tip circle; preceding working tooth surfaces of the
tooth space finish engagement; working surface of the tooth
space enters mesh and the backlash space is isolated from the
adjacent space; the sole backlash space is at its minimum; the
preceding working surface finishes engagement; working sur-
face of the tooth space finishes engagement; and mating tooth
tips leave the tooth space boundary (tip circle of driving gear).

Negative pitch pressures occur just before the space bottom
passes through the pitch point height. It travels from the leading
end toward the opposite end with negatively growing pressure.
However, the negative peak position follows the axial travel of
tooth contact with a small lag, depending on the sensor location.
It is assumed that the suction travels continuously by drawing the
air from the leading area. Pressure becomes maximum at b = 65
mm. Then the peak pressure disappears before reaching the end

of the face width. Instead, another negative peak grows at the -

trailing end and it does not move, but the magnitude does vary.

For the gear with helix angle B = 30°, as shown in Figure 12,
the negative pressure region travels uni-directionally from the
leading to the trailing end. The result indicates that, if the oil is
fed so it has an axial velocity component or oblique incident,
then it can be properly delivered with the aid of suction pro-
duced by the gear itself.

These phenomena suggest that there are two features: One
is similar to a spur gear pair, in which air comes into the tooth
space from both ends of tooth width. The other is specific for a
helical gear, in which air travels uni-directionally due to axial
movement of instantaneous tooth-to-tooth contact area.

The result indicates that if the oil is fed from the recess side,
it is first sucked into the tooth space. Since the negative peak
travels along the tooth space, oil will get deep into the tooth
space in the actual direction. Therefore, it should be fed with
axial velocity from the leading edge toward the trailing end.
The reason is, axial movement of medium is mainly dependent
on phase difference of mesh geometry between the leading end
and the trailing end of helical gears, or on overlap ratio. This
means if the helix angle is small but the face width is wide, the
gear pair may be classified as “helical-like” rather than “spur-
like.” Therefore, movements of the helical gear pair can be uti-
lized to assist lub delivery.

Visualization of Qil Delivery

To visualize the oil delivery, two kinds of experiments were
conducted for the gear pair of B = 21°. One is shown in Figure
13 via a hand sketch after operating the gear pair for a certain
length of time. The lubricant oil was manually fed with an oil
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Figure 9—Dependence of representative pressure on gear speed (absolute peak value at

both compression and sucking side); Left p = 13°, Right B = 30°.

Figure 10—Pressure distribution along
the tooth space vs. gear rotation (B = 13°).
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rotation (B = 30°).
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Figure 13—Hand sketch of oil supplied from both ends of the
tooth space and the observed result of oil delivery; Top: fed
Jrom leading side, Bottom: fed from trailing side.
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feeder as presented in the figure. At the exit of a nozzle, the oil
had slightly more velocity when compared to the gear speed. Oil
delivery was visually checked and then verified by printing the
oily top of the teeth over paper. As seen in the figure, if an oil feed
is at the recess region, oil reaches a certain longitudinal depth.
However, it is clear that oil did not go across the whole face
width. Instead, if the oil is fed from the trailing end, it reaches a
depth where the oil did not make it from the opposite end.

Another experiment was done using an oil droplet, which
was shot by an electric solenoid as drawn in Figure 14. The oil
nozzle was designed such that a small amount of oil could be
shot by the impacting action of the solenoid. The oil droplet
was horizontally shot in an axial direction from the leading end
of engagement and behind the intersection of tooth tip circles.

Figure 15 shows a result taken by printing the oily tooth tip
land where the droplet was attached during the travel. The figure
is presented by the contrast of the full width tooth stamp. The left-
side figure is the result for a smaller amount of oil or higher ini-
tial speed velocity. The right-hand figure is the result for larger
droplets, which means the initial velocity is slower. These results
indicate that the oil droplet is flying over the intersecting line of
two circumferential cylinders in the axial direction. There are two
features recognized—a radial sucking action even though the
tooth space has centrifugal action and an axial acceleration of the
droplet since the right-hand figure shows the parabolic trace. It is
unusual that, even at the recessing region, there is a strong force
keeping the oil close to the gear.

Validity for Other Dimensions

It is difficult to experiment for various configurations such
as different modules, different face widths, etc. Therefore, it is
desirable to estimate the phenomena in a non-dimensional
form. From the experience of acoustic measurement done by
one of the authors for pumping action (Ref. 4), it is supposed
that the dynamic behavior of the medium follows a parameter
of b/A where A is the sound wavelength of tooth frequency.

This means the sound emission follows a similar law gov-
erned by the tooth face width and the size of a tooth or module.
Module is implicitly included within the parameter A, which is
inversely proportional to mesh frequency. If one designs a gear
pair with a fixed center distance or under the condition where
the number of teeth times the module is constant, then mesh
frequency is proportional to the number of teeth times revolu-
tion speed. This leads to the parameter b*z*N/m, which will
determine the pressure in which the variation rate of space area
is taken into consideration. Peak pressure will decrease as the
helix angle increases.

The other estimate is spur- or helical-like characteristics of
axial movement. For this argument, the authors think the
parameter should include module and face width in addition to
tooth angle. This is because the mating tooth affects movement
of the medium. Therefore, if the helix angle is small but the
face width is wide, the gear may be classified as “helical-like”
rather than “spur-like.”
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Figure 14—Schematic of the oil shooter.
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Figure 15—Stamp (red parts) of oil droplet shot from the leading
end at the height of about 40 mm from the pitch point. Left: Initial
speed is about 13.5 m/s. Right: Initial speed of about 7.5 m/s.

Conclusions
For the purpose of realizing lubrication efficiency improve-
ments, behavior of the medium at the exit of mesh is measured and
discussed. The results of this study show that there is an axial trav-
el of strong negative pressures as the meshing proceeds. Also,
there is sucking action in the axial direction as well as the concen-
tric direction at the end region of engagement. {}

References

1. Weiss, T. and M. Hirt, “Efficiency Improvements for High Speed Gears
of the 100MW Class,” VDI-Berichte 1665, pp. 1161-1174 (2002).

2. Winfree, D.D. “Windage Losses from High Speed Gears,” Proceedings
of ASME DETC Conference, Paper No. PTG-14449 (2000).

3. Houjoh, H., S. Ohshima, S. Miyata, T. Takimoto and K. Maenami,
“Dynamic Behavior of Atmosphere in a Tooth Space of a Spur Gear During
Mesh Process From the Viewpoint of Efficient Lubrication,” Proceedings of
the ASME Design Engineering Technical Conferences; 2000; Vol. 6,
DETC2000/PTG-14372, pp. 111-118.

4. Houjoh, H. and K. Umezawa, “Behavior of an Aerodynamic Sound of
Spur Gears (Determination of Similarity Law and Source Locations),”
JSME International Journal Ser. C, Vol. 36, No. 2, pp. 177-185 (1993).

This paper was originally published by the American Society of
Mechanical Engineers at the DET ‘03 ASME Design Engineering
Technical and Computers and Information in Engineering
Conference. It can be purchased at the ASME digital store online
at www.asme.org.

Tell Us What You Think . ..

Send e-mail to wrs@geartechnology.com to

« Rate this article

« Request more information

« Contact the authors or organization mentioned
» Make a suggestion

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

www.powertransmission.com « www.geartechnology.com « GEAR TECHNOLOGY « JANUARY/FEBRUARY 2004 33



http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.powertransmission.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.geartechnology.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.asme.org

Table 1—Characteristics of the WC/C coating (Balzers VerschleiBschutz GmbH).

Service Behavior of

PVD-Coated Gearing
Lubricated with Biodegradable
Synthetic Ester Oils

Manfred Weck, Oliver Hurasky-Schonwerth and Christoph Bugiel

Abstract ! als that are used as the starting materials for the
The following article is concerned with th}e commercial production of many goods.
analysis of the wear-reducing effect of PVD-coat- Gearboxes are lubricated with mineral oil or
ings in gearings. Standardized test methods}aaynthetic-based lubricants for reasons of wear
used, which under near-real conditions enaiblprotection and for drawing off heat. These lubri-
statements to be made about the different foimsants are alloyed with additives to achieve the
of damage and wear (micropitting, macropittir]'g,required characteristics. The additives cause the
scuffing). : lubricants to become potentially environmentally
The basic aim of the analyses is to transfer th®xic and thereby conflict with the trend for pro-
functions of individual lubricant additives to th'e ducing environmentally sustainable products.
surface of the material via the application }of A first step for the improvement of environ-
wear-protection coatings in order to be ableitonental compatibility is the use of easily
reduce the additive content in gear lubricants. Thbiodegradable lubricants, which nevertheless con-
report shows that the use of metal-carbon Iaylertﬁin additives for the purposes of lubricant per-
enables the omission of surfactant additives. | formance. Afurther step is the avoidance or reduc-
Introduction : tion of additives without diminishing load-bearing
Alongside performance capability and fquiI‘- capacity, wear behavior, lifetime and reliability of
ment of required specifications, the environme;énthe gearing operated with additive-free or low-
tal compatibility of technical products is increas-additive lubricants. Hard material, physical vapor
ingly at the forefront of public interest. This tredddeposition (PVD) coatings can compensate for the
is caused on the one hand by a general increa%;en'ﬁlssing additive functions and are able to perform
environmental awareness and on the other byittiee functions of additives.
increasing scarcity of non-renewable raw matéri- The first phase of the analyses on this subject
I was carried out at the Laboratory for Machine
Tools and Production Engineering, located at

Characterlstlcs Value Aachen University, in Aachen, Germany. In the
Microhardness {HV 0.05) 1,000 first phase, tests were carried out on a rolling test
Friction value against steel (dry) 0.15-0.20 rig to simulate the tooth flank contact with PVD-
Coating thickness (pm) 1-4 coated rollers using rapidly biodegradable syn-
Internal stress of coating (GPa) -1.0 thetic esters (Refs. 1-3). Of the hard material
Max. application temperature (°C) 300 PVD coatings used in the test—CrAIN, TiAIN,
Coating color black—gray WC/C and ZrC—the amorphous metal carbon
Coating structure

Table 2—Lahoratory values for the test oils in the fresh state.

second phase, this coating system is being exam-
ined in single-stage gearing with regard to its wear

i
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laminate : coating WC/C proved particularly effective. In the
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Specification Reference oil CLPE100 | Basic oil COE100 | j Protection characteristics.
Viscosity at 40°C (mm¥/s) 98 92 Test Structure, Coating and Lubricants Used
NZ figure (mgKOH/G) 14 13 There is a series of standardized test proce-
——— . ' dures for the analysis of the operational behavior

Viscosity index (- ) 180 169 X ) )

of lubricants which are carried out on FZG back-
Water content (%) <0.1 <01 . . .

to-back test rigs with an axle distanceact 91.5
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mm (Ref. 4). As purely lubricant tests, these
procedures are generally carried out Wi:tr
uncoated standard gearing. By using coare
gear sets, it is possible to expand test procedu
statements on the behavior of coating systeirr

to their use in real gear tooth flank contact si#u-

ations. In the test procedures, the scuffing tF
(Ref. 5), the micropitting test (Ref. 6) and the
macropitting test (Ref. 7) are seen as fun¢le
mental in the evaluation of performarard the :
behavior in operation of a lubricant. [
The WC/C coating employed is a commerciél
ly available carbon layer with a metal conteliht

applied by means of a PVD-sputter process. The
characteristics of this coating are given in Table 1.

legend
d mass loss
€ o pinion
S & gear

o pinion + gear
t test data:

Scuffing test DIN 51 354-02-A/8,3/90

- pinion and gear uncoated
lubricants:
- reference oil CLPE 100
- base oil COE 100
oil temperature; T =90°C
dip lubrication
oil volume: 1.8 liters

b

Table 2 contains the basic specification dat
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for the rapidly biodegradable synthetic estt?ar
which is used both with additives (reference dil
CLPE 100) and without additives (basic oil,
COE 100). i
Analysis in Accordance with FZG :
Scuffing Test Method :
So-called FZG-A gearing, which displays ia
distinct one-sided profile displacement, is used i
the scuffing test in accordance with DIN 51 3$
Part 2 (Ref. 5). The result is a high sliding spee
on the tooth flanks and consequently a partic

sensitivity to scuffing. i

Two sets of gears, one uncoated and on

qlr
|

Figure 1—Mass loss of uncoated gear sets in the scuffing test with reference

and basic oils.

unceated pinion
base ol COE 100
Inad stage 12

test data:
Scuffing test DIN 51 354-02-A/8,3/90
uncoated pinion and gear
lubricants:

- refierence oil CLPE 100
- base oil COE 100

il temperature: T=30°C
dip lubrication

oil volumte: 1148 liters

—

uncoated pinion
refarence oil CLPE 100

¥ |hoad stage 12

Prof. Dr.-Ing. Dr.-Ing.
E. h. Manfred Wec

is director of the Laboratory
of Machine Tools and
Production Engineering
(WZL), located at Aachen
University of Technology in
Aachen, Germany. A
mechanical engineer, Weck
is also chair of the machine

WC/C-coated, were provided for the analys%esFigure 2—Photographs of the uncoated pinion at tools and manufacturing
Each one was tested in combination with the refthe end of the test (after load stage 12).

erence oil and the basic oil. Figure 1 gives thevere lubricated with the reference oil. The su
mass loss figures for the uncoated test gears r:eléace structure produced by the Maag crossgrind-
E ing, however, is observed to be practically un

With the reference oil, there was no significanttered after the conclusion of the analyses. T
increase of mass loss during the test period. J_fhpinion tooth flanks lubricated with the basic oil

tive to the respective load levels applied.

systems department and has
more than 35 years of expe-

Mence with gearing.

urasky-
chonwerth
»is a mechanical engineer

a&ipl.-lng. Oliver

reference oil can therefore be certified as achie\)linghough, reveal distinct scuffing in the area abowveith Andreas Stihl AG &
a damage load level > 12, according to the tedhe rolling circle. That scuffing has led to a com&0- KG. located in

method specified in DIN 51 354 Part 2. On tl}neplete destruction of the top surface of the tootg

contrary, during the scuffing test with the bas}icflank.
oil, traces of scuffing were detected on the pinion  Scuffing tests with the reference and basic oirgsearch group and an

| . . .
and gear from load level 8 onwards. In orderjtovere also carried out under identical test cond

aiblingen, Germany.
reviously, he was a chief
engineer in WZL's gear

ii_dministrator of DFG proj-
ect 442, which focused on

compare the development of the scuffing damz_#géons on WC/C-coated gear sets. The mass l0ssgfjironmentally compatible
with that of the coated gearing, the scuffing tésthe pinion and gear determined after each loadbological systems for
was continued up until load level 12, although thdevel is shown in the diagrams in Figure 3.
damage criterion had already been achieved d_fter In the scuffing test Wit.h the refer.ence oil, theDipI:-Ing. Christoph
load level 8. The scuffing on the pinion leads :toWC/C-coated gear set displays a linear progreBugiel

progressive mass loss, which after load leveli1@ion of mass loss over the test period. This maisg scientific assistant in

amounts taAm = 60 mg and after load level 12 loss results from the continuous abrasion of t

Am = 169 mg. |
Figure 2 shows photographs of the uncoate

pinion at the end of the test. The bottom ph(!pto
shows slight scratches running in the directioniogear. The abraded particles of the coating settle

dlue to its laminate structure.

gears.

hWZLS gear research group.
Emechanical engineer, he

I WC/C coating, which is increasingly evened oUtas worked on the group's

gear investigation team for

In this case, mass loss is observed on the t& Past wo years. During

that time, he’s also been an
ﬁ'ninistrator of DFG proj-

the profile on the flanks of the pinion teeth whichthe bottom of the oil sump in the test gears in thet 442.
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Photographs of the WC/C-coated tooth flanks

p HSET 8 9 0 AT 12 ladskge | of the pinion are shown in Figure 4. Under the

! Furthermore, the comparison of the two scuff-
i ing tests with WC/C-coated gearing shows that
. the wear-reducing effect of the WC/C coating is
Figure 3—Mass loss of WC/C-coated gear sets in the scuffing test with refeevidently not dependent on the lubricant’s addi-
ence and base oils. i tives. In accordance with the current stage in the

0 20 40 60 80 100 120 140
transmitted work [kWh)

|
|
legend 1 1O : .
| 00 CIPET00 i light-optical microscope, small areas of wear can
mass loss = | I | be seen in the WC/C coating after load level 12 on
o pinon E i the tip of the pinion and at the root of the gear, giv-
¢ Qear 2 60 e [ . . . .
. 8 e i ing rise to direct contact with the metallic surface.
o pinion + gear o 1~ i . . -
@ 40 - I The coating must be improved in this respect.
test data: E - sl —— i In conclusion, comparing the scuffing tests of
Scuffing test DIN 51 354-02-A/8,3/90 .;6?‘4:-—"1 | : the uncoated and WC/C-coated gear sets with the
04 !
WC/C-coated pinion and gear 120 | synthetic ester’s basic oil, we can determine that
lubricants: 100 .‘ COE 100 | i the WC/C coating under the specified test condi-
- reference oil CLPE 100 ? 80 : tions leads to significantly less wear of the tooth
£ i _
- base oil COE 100 8 & » i flanks of thg coated gear set. The reduced wear is
oiltemperature: T = 90°C 2 x N A i expressed in an approximately 2.5-fold less mass
L | .. .
dip lubrication é ____////'- i loss of the coated pinion and gear compared with
20t = i .
oil volume: 1.8 liters 0 ::f";AT__ : the uncoated pinion and gear.
|
|
|
|

pinion WC/C-coated : analyses, the wear protection effect of the refer-
test data: base oil COE 100 i ence oil additives appear to exercise no effect on
Seuffing test DIN 51 354-02-A/8 3190 load stage 12 i the coated surface and is largely assumed by the
- e . !' coating.
WCIC-coated pinion and gear i ! .

) g g ! Since the wear-reducing effect of the WC/C
lubricants: i coating is temporally limited due to the abrasion,
- reference oil CLPE 100 ! ultimately the scuffing resistance of the combina-
- base oil COE 100 I tion of the uncoated gear set and the reference oil
dip lubrication i than the combination of WC/C-coated gearing and
oil volume: 1.8 liters i basic oil.

[ Consequently, there is a need for further
. research and development in order to be able to
I make improvements to the behavior in operation
i and the wear resistance in particular of the coating
. and to match the coating to the requirements.
Analysis in Accordance with the FZG

i Micropitting Test Method
Figure 4—Photographs of the WC/C-coated pinion at the end of the test (a]l‘ter The influence of lubricants and their additives
load stage 12).

pinion WC/C-coated
reference oil CLPE 100
| load stage 12

|
|
|
|
|
|
|
|
|
|
|
|
|
|
. __ i
ol temperature: T = 90°C | A | with additives must be estimated to be greater
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

form of black sludge. Direct contact of the metal!icon the development of micropitting are quantita-
surface of the tooth flanks can be ruled out becausieely defined with the aid of a micropitting test
examination under a light-optical microscope aﬁe(Ref. 6). The micropitting test is in two parts and
the end of the test revealed no exposed flank aé'eeﬂcompasses a load stage test and a subsequent
either on the pinion or on the gear. i endurance test. In the load stage test, the micro-

The scuffing test with the WC/C-coated ge-:arpitting resistance of the tribological system gear
set in combination with the basic oil shows t;hdubricant is determined in the form of a damage
wear-protecting effect of the WC/C-coating. 1 load level in given operating conditions. The

After completion of the test to load level 1?,endurance test gives information about the pro-
the total mass loss recorded with the basic oi;! igression of damage over greater load cycles.
practically identical to the total mass loss of the The standard test gearing used in the micropit-
tooth flanks lubricated with the reference oll Withting test is the unmodified FZG-C test gearing. As
additives within the bounds of measuremé;:nShown in previous analyses carried out by the
reproducibility when determining mass loss. i authors (Ref. 8), the entry impact of these gear
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teeth caused by the absence of tip relief Ieadls 0

. . . - egend step test endurance test
damage of any _Coatmg applied, _thereby |_mpedi|n uncoated gears duration16h/load stage | control after 80h each
any wear-reducing effect. For this analysis, therg- " yinout tip relief T T T
fore, modified test gearing is used, with crownlh o with tip relief pm J J,
and tip relief on the pinion and gear. ! WC/C-coated gears £ ool ~ JP777777777 797777

In these analyses, micropitting tests were cartidd a Without tip relief 8 fl'l ! s
out with two sets of gears, one uncoated and Ib e o Wwith tip relief 2 5 | )
PVD-coated, and the rapidly biodegradable synthet- test data: e |
ic ester with additives (reference oil CLPE 10¢) micropittingtest C /8.3/ 90 % fa”Ufe """“ !
The mean pinion profile form deviation measure '”_Ibt"“a”t "ifere_"Tm_‘;LEE"PE 100) 5 10 J bi —e ]
in these tests is shown in Figure 5. The results §f ., oo - & Loglefleseed,
jet lubrication g i Y /|

micropitting tests with the unmodified FZG-C tést

t dae T s |
gearing variant are also shown (Ref. 8). ! f;?::ll; gidégff:":: QEJE%E‘?:FUTTTO“‘E_T:?:TO_—%%
In Figure 6, the profiles of the unmodified and ’ [)| L | |

modified test pinions are documented. If we lopl f1ank modification: loadstage 5 6 7 8 9 10 8 10 10 10 10 10
. o | crowning C, = 12+/-1.5 ym P i Nimm? 795 945 1094 1245 13851547 1245 1547 ——
at the mean profile form deviation of the unmo@

fied pinion variants, we observe an almost COmmFlgure 5—Mean profile form deviation measured at the unmodified and modi-
uous increase in both instances. This is |ar98|ﬂed test pinions in the micropitting test.

affected by the cratering caused by the erjtrv

impact in the root region of the gear toon;h substrate wcic
Micropitting was also detected over the entrg P N P T
idth of the tooth of th ted pinion in the ihi{ 125 92 55 | [CpEeEs e
width of the tooth of the uncoated pinion in the ifiy . oisinatest o8 3190 §"é o B Lo
tial meshing contact area (see Fig. 7). ! lubricant: reference ol Z2 1 T
Under the same test conditions for the WC/C- (CLPE 100) %E - L ' { ! i
. R . I 1
coated pinion, no micropitting was recorded r;l:::r:t::w"r‘gnc ro 1721717 %
Nevertheless, very small pits had developed m'tk g;éL ' T ET('\ —f—

initial meshing contact area. . profile modification: > =

If we look at the mean profile form dewanods by r:g;im m | [T TEE o] | [ Tom TS 2
measured on the corrected uncoated test p|n|o=n i £ — e R R
Figure 6, it is clear that the entry impact is suffi] flank modification: 22 | - - 7
ciently reduced by the tip relief to prevent craterin Ccm::;'ff_1 5 um ag | [ [ L]
in the tooth engagement area, while a practic?l ' ' é% ,
constant profile form deviation of f= 3.5 pmisi g [ S H I

om

measured over the entire test period. The Wd/ :
coated corrected test gearing displays a practicallyigure 6—Profile measurement on unmodified and modified test pinions in the
identical progression of measured profile fonmmlcroplttmg test.
deviations.
Analyses in Accordance with
the FZG Macropitting Test Method i
The so-called FZG macropitting test is a sh'pnt
test to determine the macropitting resistance c%f a
gear set (Ref. 7). It is a repeated single-stage%te Etest data:
of dgep fatigue strength. This test procedur_e is @l ’(Micmpiningtesl /83190
carried out on the FZG back-to-back test rig (@e TR
4). The test gearing has the same gearing dauia (CLPE 100)
the test gearing for the micropitting test, but with 4 temperature: T= 90°C
less roughness (R 0.2 ... 0.4 pm). L | jet lubrication
One uncoated and one WC/C-coated variant ¢f
the modified FZG-C gearing is analyzed in ccin
junction with the reference and basic oils. Thaa
stress cycle limit in the standardized FZG macrd
pitting test (Ref. 7) is specified as 40 6 messi
cycles on the driving pinion. For improved diﬁek- Figure 7—Photographs of the uncoated and WC/C-coated tooth flanks of the
entiation of the test results, within the contextiofunmodified pinion after the end of the micropitting tests.
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uncoated WCIC-coated
base oil base oil
COE 100 COE 100
4001
350/ |
z 0
g |0
> 200
i=
g 150
S 100
50
0
test 12 3 1.2 3| 1.2 | 12

toating | uncoated uncoated | WCIG-coated | WCIC-cosled
\ icanon EEE] [ nce ol ase ol ference ol
COE 100 CLPE 100 COE 100 CLPE100

WC/C-coated
reference oil
CLPE 100

uncoated
reference oil
CLPE 100

Figure 8—Run times in the macropitting test.

measuring

direction time reference oil (CLPE 100) time basic oil (COE 100)
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Figure 9—Surface structure of the uncoated pinions.

measuring

direction time reference oil (CLPE 100) time basic oil (COE 100)

P
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n | gl
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Figure 10—Surface structure of the WC/C-coated pinions.

this analysis, a stress cycle limit of 54 6 fi@st
duration 400 hr.) is set. The results of the macro-
pitting tests carried out on the test gearing are
documented in Figure 8 on the basis of the run
times achieved and in the form of photographs of
tooth flanks at the end of the test.

It is essentially possible to determine that the
natural macropitting resistance of the basic oil
without additives is already so high that the test
gearing in two out of three tests endured 50°- 10
stress cycles without macropitting damage.
Taking into account the stress cycle limit of 40 -
1P stipulated in the test specification, all three
test gear sets would be evaluated as fatigue-tested
without damage.

The macropitting tests with the rapidly
biodegradable synthetic ester with additives also
produced two fatigue-tested specimens without
damage in three tests. The flank photos in Figure
8 nevertheless also document that massive
macropitting damage occurred in one each of the
test sequences of the uncoated variants.

The results of the macropitting tests with WC/C-
coated test gear sets are also shown in Figure 8. In
this case, two tests were carried out respectively
with the reference oil and with the basic oil. In
those tests, the stress cycle limit without damage of
54 - 16 was achieved. This result therefore implies
a positive influence of the WC/C coating on the
tooth flank resistance and/or on the stress cycles
endurable without damage.

In order to obtain additional information about
the condition of the tooth flanks, as well as visu-
ally inspecting the tooth flanks of the test pinion,
individual specimens were examined after preset
run times with the aid of a contact stylus instru-
ment and a device for measuring the 3-D surface
roughness. Figures 9 and 10 show 3-D contact
stylus measurements of uncoated and WC/C-
coated pinions, respectively.

The measurements were carried out before the
start of the macropitting test, after 160 hours of
run-time and at the end of the test. The measure-
ment process was designed to enable measure-
ments to be carried out in the same area of the
tooth flank in each case.

If we look at the surface structures of the
uncoated pinions shown in Figure 9, we can
observe grinding marks running in the direction
of the tooth width resulting from the hard fine
machining with Maag finish grinding. The initial
roughness of the tooth flanks in the direction of
the profile is approximately R= 2.4 um. No
obvious alteration of the surface structure of the
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tooth flanks during the test period can baa

observed on the gearing lubricated with referenc test data: micrtt)pittting macropitting fﬁr;fnl cond;?iol
Micropitting test (576 h) €s test of the gear flanks
oil nor on the uncoated test gearing Iubrlcate with subsequent . o
with basic oil. | macropitting test o M '
(max. 400 h) -] -
The measurements of the WC/C-coated pll - 7
ions in Figure 10 show that the tooth flanks aftgMicropitting test: 3 ;

coating—that is, before running—display &r]!ubricant: reference oil
9 9 play 4 (CLPE 100) VD

isotropic surface structure in which the grindihg . _ane it

. ) | Yoil temperature: T = 90°C FiL—
marks are no longer clearly discernible, althougfiet iubrication —
all test gear sets (uncoated and WC/C-coafe MICropitting | 4 cropitting test final condition

. ! - . test of the gear flanks
come from the same production batch. The caufacropting test -
is the microblasting treatment of the gearing. Thig“>"e™ :ET:E?ZS: —

: |
treatment was carried out as standard by it emperature: T = 90°C
coater before the coating. ' dip lubrication e
As the run-time of the macropitting testsn< — ———

increased, the WC/C-coated pinions dlsplayI I if - '-
evening of the surface roughness in the form dl)f a
significant reduction of the roughness peaks ane
troughs. This evening out of the surface roughnésgigure 11—Profile tracings and flank photos of the pinions in the random test.
which can also be observed in analyses of WQ/(Sive macropitting damage occurred in the macro-
coated rollers not shown here (Refs. 1-3 andi 8jitting test after a run-time of 60 hours. Scuffing
leads to an increase in the supporting area oﬁ theas also detected at the tip of the pinion tooth
tooth flanks in comparison with their uncoat?dwhich had resulted, however, from meshing
states and thereby to a reduction of the local loadnterference as a result of the large area of macro-
ing on the tooth flank edge zone. This behavion," opitting damage. A photo of a tooth flank is shown
the coating, in combination with the low frictio}n at the top of Figure 11. In comparison, the WC/C-
value of the coating, may be the cause of a positiveoated test gearing was free from damage at the

200 60h 1600 A00h

wcCi/C

influence on the macropitting resistance. : end of the macropitting test after 400 hours, as
Random Tests on the Load-Bearing Capacity} documented at the bottom of the figure on the
with Increased Run Time i basis of the recorded profile measurements and

In order to be able to gain a more precise in'dithe flank photographs.
cation of the macropitting resistance of WC/;C- The result of this random test further clarifies
coated gearing in comparison to uncoated geathe positive influence of a WC/C coating on macro-
ing, two random tests with increased run-tir:nmitting resistance and endurable stress cycles.
were carried out. The results are given belq:)W. Summary
One uncoated gear set and one WC/C-coated igear This report documents the results of analyses
set were chosen for each random test. Both é;eaf the amorphous metal-carbon coating WC/C
sets had been previously used in a micropitt?ngipplied by means of the PVD process in the tri-
test. These two gear sets had each undergonebalogical system of tooth flank contact. It pre-
full micropitting test with a run-time of 57{:‘; sents test-bed analyses in which the use in opera-
hours with identical load sequences and using:thﬂaon of uncoated and WC/C-coated gear wheels
reference oil. In this initial state, both gear setsvere tested in combination with a rapidly
were subjected to a trial run under Hertzian cdmbiodegradable synthetic ester and its basic oil. As
pression at the pitch point normally used in ﬁhe/vell as determining the load-bearing capacity of
macropitting test of p= 1,659 N/mm. i WC/C-coated gearing, investigations were also

Figure 11 shows the profile measurement:amed out to the extent that the wear protection
recordings for the pinions at the start and the prrtdmcuons of the surfactants contained in lubri-
of the first performed micropitting test. It is possi-cants can be assumed by the coating.
ble to see that only a minimal profile form devi;a- The analyses with uncoated and WC/C-coated
tion occurred during the progress of the micro¢itgear wheels in combination with synthetic ester
ting test. The test gear sets were inspected at r‘egmd basic oil revealed a significant difference,
lar intervals throughout the macropitting test anq)arncularly in the scuffing test, with regard to
after defined run times on a gear measurement]' rigeear on the tooth flanks. Under the specified test

In the case of the uncoated set of gears, masenditions, approximately 2.5-fold less mass loss
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of pinion and gear was recorded in the case ofjtiTgis paper was presented at the International Conference on Gears,

: ; i ; i.-held March 13-15, 2002, in Munich, Germany. It was also published
wcic Coatmg using base ol in comparison W_’ﬂty VDI Verlag GmbH in the conference’s proceedings, in VDI report

the uncoated gears. : 1665. It is republished here with VDI Verlag’s permission.
In the micropitting test, it was determined that,
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I TECHNICAL CALENDAR I

January 13-15—14" Annual International Colloquium on
Tribology & Lubrication Engineering. Technische Akademie
Esslingen, Stuttgart/Ostfildern, Germany. Topics include testing
of lubricant properties, gear lubrication, friction and wear in
extreme environments, coolants and basics of friction. English
and German are the official languages of the show. 650€ or
$748. For more information, contact the sponsors by telephone
at (49) 711-340-0823 or by e-mail at anmeldung @tae.de.

February 9-10—Introduction to ANSI/AGMA/AWEA 6006-
A03, Standard for the Design and Specification of Gearboxes
for Wind Turbines. National Wind Technology Center, Golden,
CO. Sponsored jointly by AGMA and the National Renewable
Energy Lab, this program will include presentations on the tech-
nical requirement of AGMA’s 6006 standard from different per-
spectives and introduce the new global wind turbine standard. In
addition, attendees can take a tour of the NWTC dynamometer
and NWTC test facilities. $320. For more information, contact
the AGMA by telephone at (703) 838-0052 or on the Internet at
www.agma.org.

February 23-25—National Design Engineering Show &
Conference. McCormick Place Convention Center, Chicago, IL.
Featuring the latest in the CAD/CAM, rapid prototyping and con-
tract manufacturing industries. Registration is free before January
26. For more information, contact Reed Exhibitions on the
Internet at www.reedexhibitions.com.

February 26-29—BI-MU Mediterranea. Fiera Del Levante,
Bari, Italy. For individuals in the machine tool, robotics and
automation industries. The main focus will be on systems based
on modular design, which can be adapted to production
variables. The fee is 260€ or $299 to attend and 55€ or $64 for
exhibitors. For more information, visit the event’s website at
www.bimu-mediterranea.it.

March 16—Heat Treating & Hardening of Gears. Holiday Inn
City Center, Chicago, IL. Sponsored by the Society of
Manufacturing Engineers, topics include specific microstructures
and mechanical results, performance successes, quality control
methodologies, and guidelines for preferred procedures. $495 for
SME members, $695 for non-members. For more information,
contact the SME by telephone at (313) 425-3098 or on the
Internet at www.sme.org.
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New Potentials in

Carbide Hobbing

Fritz Klocke and Oliver Winkel

Abstract

To meet the future goals of higher productivi-
ty and lower production costs, the cutting speeds
and feeds in modern gear hobbing applications
have to increase further. In several cases, coated
carbide tools have replaced the commonly used
high speed steel (HSS) tools. Because this leads
to production processes working on the upper
limit of their performance capabilities, the toler-
ances for deviations from the optimum process
settings are getting smaller. To deal with this sit-
uation, especially in carbide hobbing, all factors
that have an influence on the hobbing process—
like the workpiece geometry, the process parame-
ters and especially the tool design—have to be
taken into account if a high level of process per-
formance is desired.

This essay will present a case study based on
two industrial gearings. The investigations

Nomenclature

P, cutting edge roundness (um)

L, total resharpening stock (mm)

Yoma  Maximum hob lead angle (°)

. max  Maximum scallop depth (um)

L, machining time (min.)

0, tip clearance angle (°)
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Figure 1—Analogous and real hobbing processes.
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include the influence of coating, substrate, layout
and edge preparation on tool performance.

In detail, fundamental baseline trials using
“fly-cutter hobbing” will be presented. Besides
several coating and substrate combinations, dif-
ferent tool layouts have also been tested. To veri-
fy the results, real hobbing trials under industrial
production conditions have been carried out as
well. Finally, the potential of modern simulation
and calculation programs to optimize hobbing
processes will be shown.

The report aims to give new impulses to the
tool design of carbide hobs and to an optimized
process setting.

Introduction

To be competitive on the global market, gear
manufacturers would like to increase their pro-
ductivity and reduce their production costs.
Therefore, cutting speeds and feed rates have
increased significantly over the last years.
Additionally, new substrate materials like carbide
have been established in many hobbing applica-
tions to meet these demands.

Since the price for carbide tools is usually two
to three times higher than the price of an HSS tool
(Refs. 1-3), the cycle times have to be much
smaller to realize economically efficient manufac-
turing processes. Furthermore, the consequently
higher cutting parameters—in combination with
the usually desired dry cutting conditions—
increase the necessity of an optimized setting for
the hobbing process (Ref. 4).

To assure a high level of productivity and reli-
able process performance, a total understanding of
the gear cutting process and its complex structures
becomes more and more important. Especially for
carbide hobbing applications, all factors that have
an influence on the process—Ilike the machine, the
workpiece geometry, the process strategy and par-
ticularly the tool design (Ref. 5)—have to be taken
into account if a high level of optimization is
desired.

In order to achieve widespread use of carbide
hobs for dry gear cutting and to compete with the
more commonly used HSS tools (Ref. 6), some fur-
ther potentials for the optimization of the perform-
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ance of the carbide hobs have to be used. Besides
the continuous improvement of sintering and grind-
ing technology, new developments in the fields of
coatings and substrate materials, edge preparation
(Ref. 7), decoating (Ref. 8) and simulation software
(Ref. 9) might offer new possibilities.

In this paper, the potential of a modern tool
design concerning coating, substrate, edge prepa-
ration and tool layout for carbide tools in dry hob-
bing applications will be presented. Additionally,
the uses of new software tools for tool layout and
process analysis will be shown.

An Analogous Process

To do more work and be cost effective, funda-
mental investigations have been carried out using
an analogous process, “fly-cutter hobbing,” to
simulate the gear hobbing process. In this analo-
gous process, the hob is replaced by just one tooth
(see Fig. 1).

The figure shows the comparison of the tools
and the set-ups for the analogous and the real hob-
bing trials. The interior of the machine with the fly-
cutter collet and the workpiece clamping system
for the analogous process can be seen on the left
side. The hob and the machine setting for the real
hobbing process are shown on the right. To assure
the best possible comparability between the two
kinds of trials, the design and the profile of the fly-
cutter tooth and the hob teeth are identical.

To simulate the wear behavior of a shifted hob,
the fly cutter is moved continuously through all
generating positions of the corresponding hob.
After each pass, the axial position of the fly cutter
is increased by the amount of the axial feed of the
simulated hobbing process. With this strategy, it is
possible to create the same chip geometries as in
real hobbing and to generate an identical gear.

Since the real hob is reduced to just one tooth,
the tool costs are much lower and a smaller number
of workpieces is needed to create the desired wear
on the fly cutter. Furthermore, the analogous tools
are easier to handle, and therefore a more detailed
analysis of the wear phenomena is possible.

To prove the applicability of the tendencies
discovered in the analogous trials, real hobbing
trials under industrial production conditions have
been carried out.

In this report, the investigations are based on
two industrial gearings. The first one is a gear
from a car gearbox, with a module of m, = 2.5
mm, 38 teeth and a face width of 14 mm. The
second one is a gear from a truck gearbox with a
module of m, = 3.06 mm, 70 teeth and a face
width of 35 mm.
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Figure 2—Advantages of (Ti,Al)N coatings in dry hobbing.

Optimization of the Coating System

Since dry cutting requires more tool perform-
ance than wet cutting concerning mechanical,
thermal and chemical wear resistance, the choice
of a suitable coating system is an important fac-
tor. Furthermore, the coating system, together
with a suitable edge preparation, could be the
component of the tool that is the easiest to change
if all steps carried out previously, e.g. the grind-
ing, are best adapted.

The TiN coating is still commonly used
because of its relatively low price compared to its
performance, especially in wet cutting operations.
Figure 2 shows that these performance abilities
will very quickly reach their limit if a dry cutting
operation is desired.

During the investigations shown in the figure,
the tool life of the TiN-coated tools was only
about L = 3 meters. (A hob’s tool life is often
measured in meters per shifted hob tooth. The
length is the total length of workpiece teeth cut by
a hob tooth. In the analogous process, the fly-cut-
ter hob has only one hob tooth, so its life is mea-
sured as simply 3 meters, for example.)

With the (Ti, Al)N-coated tools, up to L = 8
meters of tool life could be achieved. This means
an improvement of the tool performance by a fac-
tor of 2-2.5. The reason for this significant dif-
ference is, on the one hand, the higher hardness of
the (Ti,Al)N coating. While the TiN coating has a
hardness of about 2,700 HV, the hardness of the
(Ti,AD)N coating is about 3,600 HV (Ref. 10).

On the other hand, the higher thermal wear
resistance is the most dominant factor. The maxi-
mum application temperature for the (Ti,Al)N
coating is about 850°C, whereas this temperature
for the TiN coating is only 450°C (Ref. 10).
Therefore, the absence of the cooling lubricant in
dry cutting leads to temperatures which the TiN

Prof. Dr.-Ing.

Fritz Klocke

is head of the Chair of
Manufacturing Technology
and is one of the directors
of the Laboratory for
Machine Tools and
Production Engineering
(WZL), located at the
Aachen University of
Technology in Germany. He
is also head of the
Fraunhofer Institute for
Production Technology
(IPT), located in Aachen,
Germany.

Dipl.-Ing.

Oliver Winkel

is a scientist in the gear
technology division of the
Chair of Manufacturing
Technology. A mechanical
engineer, he has worked for
the past five years on
process and tool optimiza-
tion of dry hobbing process-
es that use carbide tools.

www.powertransmission.com « www.geartechnology.com « GEAR TECHNOLOGY « JANUARY/FEBRUARY 2004 43



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

Tl Prg-Cumiar hiotsbing
Ko 12 .
[ TLADH - conted SpfETum
my =28 mm
i =18
d = 33 mAi
K &1, sl n
n = I3
S , a/,.&ﬂ—\
2OMCES 2 ;ﬁ"x\\,
R. =MD MHmm -
m. mZ2Emm E
n., =3r
i, =15 ja]
x,  =-0aTe
dy, =077 mm 4
ki =14 mm
[ =ar fi) ||'_ = A1 mimman
Culing parimates. T | %, = 406 me'rein
T  =TETmm " I
I, = 3.00mm “a i e
My o = 0. HE MM
&y g coariing Pickness
Figure 3—Tool life depending on the coating thickness.
Tiogd Py-pwtine hokbing
1]
m, =3Hmm
2y =3 b (TAN — [TLAl+ ©
dy =130 mm
- =32 e
s =8 .-'"-
= w 10-15 1
Workglcs
TGS : .
A, = GE0MmaY = ml sz 213
r:'| - Ehi_i-n'l'l B + % +d1%
F =Tl
] =015 10
dy = & mm
- = T mmi
j - |:|'
f""“f FT‘_'B]"'M"'“ I, [Pesa) Ly 44 53 44
' = 30 mimin hy oy |remd a1 [ E3 .18 [

Figure 4—Influence of a lubricious top layer on the tool life.

Too
(TLANM - coaries
m = 2 550 mm
iy =i74*

[: =4l an

T =1, righi

n =13
Workpisca
2OMINCeS

R, = 50 Kiywr
m, =2 5 mm

i, LF-§

r. =F

L& = [ 7

d,, =807 T min
B = T f

[, =
CuFing pararefare
T =TaTmm
W = $00 i
f = 100 s
Ry e =& Famm
oy artng

ol 1 L

Ty-cusar hobling

noamsing cobul cosanl ——

Figure 5—Tool life depending on the choice of the substrate.

44

coating is not able to resist. Here, (Ti,Al)N-based
coating systems are the best solution.

Besides the type of coating, the coating thick-
ness is of high importance. Figure 3 shows that
optimum values for the coating thickness have
been identified at 4-5 um for carbide tools.

If a coating thickness of 5.5-6 um is exceeded,
the tool life decreases significantly. This can be
explained by the fact that, on the one hand, a high-
er coating thickness will increase the abrasive
wear resistance as well as the thermal isolation of
the substrate. But, on the other hand, too much
coating thickness will lead to a chipping of the
coating because of increasing internal stresses.

Because of these results, this (Ti,Al)N-mono-
layer coating with a coating thickness of about 4
um has been chosen as the standard coating sys-
tem for all the following analogous and real hob-
bing trials.

As was stated before, it can also be seen that an
increase of the cutting speed makes the tool life
more sensitive to deviations from the optimum
coating thickness. While the difference in the tool
life for both cutting speeds is quite small in the
area of the optimum thickness, the tool perform-
ance at higher or lower coating thicknesses is
much worse.

To investigate the potential of coating combi-
nations, a coating system based on the standard
(Ti,Al)N-monolayer coating in combination with
an additional lubricious top layer of amorphous
carbon was tested. The hardness of the top layer is
only about 800 HV (Ref. 10) and its thickness
was about 1 um. Because of the low hardness, the
idea of this top layer is to reduce the friction and
consequently the forces at the cutting edge (Ref.
11). Thus, the initial wear should be minimized
and the progress of wear of the tool should be
reduced. Both should lead to higher tool life.

Figure 4 shows a comparison between the tool
life for the standard (Ti,Al)N coating and the coat-
ing with the additional top layer.

For the two different cutting parameters in both
cases, the lubricious top layer leads to increases in
the tool life of more than 30% and more than 40%.
Therefore, the investigations prove that the
hard/soft concept for coating systems can improve
the tool performance not only in conventional cut-
ting applications (Ref. 11) but also in hobbing
applications.

As a conclusion, TiN coatings should be sub-
stituted with (Ti,Al)N-based coatings in dry hob-
bing applications. Because of the higher thermal
stability of the (Ti,AD)N coating, much higher tool
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life can be achieved. The optimum area for the
coating thickness is about 4-5 um. To further
improve the tool performance, lubricious top lay-
ers, e.g. made of amorphous carbon, offer addi-
tional benefits.

Choice of Substrate

Besides the choice of a suitable coating system,
the substrate material is of special importance. The
substrate must combine a high resistance against
abrasive wear and a sufficient toughness to match
the loads in interrupted cutting processes.

Therefore, Figure 5 shows a comparison of the
tool life for different carbide substrate materials
under constant cutting conditions. These investiga-
tions focused on WC/Co substrates (K-grades)
because they are the most commonly used carbide
materials today. The cobalt content differs between
6% (K10) and 12% (K40). The increasing Co con-
tent thereby corresponds with a decreasing hard-
ness and an increasing toughness of the substrate.

The figure shows that with increasing cobalt
content, higher tool life can be achieved. The tool
life for the K40 is more than 2.5 times the value for
the K10. Therefore, the toughness of the substrate
seems to be more important than the hardness in
this application. It also can be concluded that
“softer” carbide materials are able to match the
demands in dry hobbing applications.
Furthermore, the higher toughness should help to
improve the process reliability concerning cutting
edge chipping.

Edge Preparation

Besides the continuous improvement of the
coating systems and the carbide substrates, the tool
preparation, especially the cutting edge treatment,
might offer new benefits. Although the positive
influences on the tool performance are well known
from conventional cutting processes, like turning
and milling, this technology is not very commonly
used for gear hobs.

An adequate edge roundness is supposed to
lead to improved tool life behavior and to offer
better process reliability. Although there are some
recommendations for an optimum edge radius for
hobbing tools (Refs. 12-17), this technology is not
very commonly used. This may be related to the
uncertainty about the optimum radius values, the
manufacturing of the rounding and the tool per-
formance during hobbing.

Starting with the improvement of the cutting
edge preparation, some trials were carried out to
optimize the cutting edge roundness of fly cutters.
An optimal edge roundness should reduce the ini-
tial wear of the fly cutters and should lead to a bet-
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Figure 6—Tool life depending on the cutting edge roundness.

ter tool life. To create the desired cutting edge
roundness, the tools have been blasted with alu-
minum oxide.

In some basic trials, the influence of different
cutting edge radii on the tool life was investigat-
ed. Therefore, various edge radii in the range
between 5 and 20 pm have been tested. All val-
ues for the radii are related to a measurement
before coating. During these trials, the cutting
speed and the axial feed with respect to the max-
imum head chip thickness have been kept con-
stant.

The tool life depending on the cutting edge
roundness is shown in Figure 6. It can be seen
that the tool life can be improved significantly by
an adequate rounding of the cutting edge.

For the investigated cutting conditions, the
optimal cutting edge radius is in the range of
p, = 10-15 pm. The increase in tool life com-
pared to the almost untreated tool (p, = 5 pm)
can be more than 120%. Therefore, there is a
large potential benefit in the edge treatment for
this application.

If the cutting edge radius exceeds values of
p,= 15 pm, the tool life decreases drastically. It
is assumed that the decrease of the tool life is
related to the rise of the cutting forces that will
increase the stresses in the substrate and the coat-
ing. The cutting edge is no longer sharp enough to
cut the high number of relatively small chips that
typically occur in hobbing processes.

Too small of a cutting edge radius leads to very
sharp cutting edges that have to withstand much
higher stresses during cutting than rounded ones
(Ref. 18). In this case, the coating or the substrate
can be overloaded and a chipping of the cutting
edge occurs. For the fly cutters with an optimized
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edge preparation, the protective effect of the coat-
ing is greater for the substrate than it is if the cut-
ting edge radius were too small (Ref. 19).

As a conclusion, an adequate cutting edge
roundness will increase the tool life by protecting
the cutting edge and coating against chipping.
Through an optimized edge radius, the usually
sharp cutting edge does not crack any more dur-
ing the first cuts. Therefore, the coating fulfills
its protective function on the cutting edge for a
longer time. Additionally, the edge becomes
more resistant to chipping. Since the coating pro-
tects the substrate material against abrasive and
adhesive wear, this edge treatment should lead to
better tool performance.

Based on these results, verification tests
through real hobbing trials have been carried
out under industrial production conditions on
the same gearing. The test hobs have been used
untreated (conventional) and prepared with a
specific cutting edge roundness in the area of
p, = 15 um (see Fig. 7).

In the first real hobbing trials, the hobs with-
out a special edge treatment were used. The cut-
ting edge roundness was in the area of p, = 0-3
um before coating. After 6 meters of tool life,
chipping of the cutting edge on the tip of only
some of the hob teeth could be found (see Fig.
7’s left photographs). The chipping happened
unexpectedly because after 5 meters, there was
only initial wear. It is well known that for carbide
hobs, the substrate tends to chip when it is over-
loaded because of lower toughness and less duc-
tility compared with HSS (Ref. 20). Therefore,
the process reliability which is very necessary for
mass production was not achieved.

Based on the good results from the analogous
trials, the next trials were carried out with edge
treated hobs. Under the same cutting conditions
as in the first real hobbing trials, the tool perform-
ance was significantly better. No chipping of the
coating with respect to the substrate occurred at
the tip of the hob teeth, and the tool life was much
better, as shown in Figure 7’s right photographs.

The trial was stopped after 10 meters of tool
life because the maximum wear width exceeded
VBmax
a little wear on the tip, and a characteristic wear
in the protuberance of the leading flank could be
seen on all teeth in the shifting area. So not only
the tool life, but also the process reliability was
significantly improved. In this case (higher cut-
ting parameters), the edge preparation has led to
an improvement in tool life of about 60%. The
differences in tool life between the analogous and
the real hobbing trials can be explained by the
ideal laboratory conditions and the lower dynam-
ic effects because of the lower cutting forces in
the analogous process.

As a conclusion, during the real hobbing tri-
als, the transferability of the results from the
analogous process to the real process concerning
the wear phenomenon was quite good. Although
the tool life in real hobbing was only about
30—40% of the tool life in the fly-cutter hobbing
tests, the tendencies were comparable and the
tool performance was still at a very high level.

Software Support

Besides the choice of an adequate coating sys-
tem, substrate material or edge preparation, the
tool design is one of the most important criteria to
assure both satisfactory tool life and sufficient
cost effectiveness. The tool design has to take
into account the cycle time, the machining costs
and the tool costs.

Especially in gear hobbing, the tool design is
very difficult because of the high number of pa-
rameters. On the one hand, the workpiece geom-
etry and the technical data of the machine are
fixed conditions. On the other hand, the techno-
logical parameters—Ilike cutting speed and axial
feed with respect to maximum head chip thick-
ness—have to be chosen correctly. Finally, maxi-
mum scallop depth or maximum cycle time are
boundary conditions that have to be fulfilled by a
proper tool design. Taking into account that the
hob itself has a high number of degrees of free-
dom, e.g. outside diameter, number of gashes,
number of threads, usable length, etc., the opti-
mum hob design becomes a multi-dimensional

= 0.15 mm. At that time, there was only

46 JANUARY/FEBRUARY 2004 « GEAR TECHNOLOGY » www.geartechnology.com « www.powertransmission.com


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

problem.

Since this problem usually cannot be solved
by hand, adequate software programs have to
support the tool designer. This was the motivation
for WZL to create its own software tool, Hobbit.
The program is able to calculate by boundary
iteration the optimum hob design out of a matrix
of thousands of possible tool designs. Thus, the
user only has to enter his boundary conditions
concerning machine and workpiece data as well
as desired cutting speeds and chip thickness.
Then, the program calculates all possible tool
designs that match the declared circumstances
and assesses them.

To illustrate the potential of such software sys-
tems, Figure 8 shows two calculations for an
improved hob design. The first case is an HSS
tool, the second one a carbide hob. Analogous tri-
als have been carried out with both tool systems,
so that the specified cutting parameters will result
in approximately equal tool life for the two basic
tool designs, which are shaded in gray. As shown
in the figure, both hobs are not optimal designs
for their cycle time.

Therefore, certain boundary conditions were
declared which are documented on Figure 8’s left
side. Afterwards, the calculation was done, and
the best results are presented in the chart on the
right side of Figure 8. It can be seen that in both
cases, the main times could be decreased signifi-
cantly. On top of each chart, the fastest tool
designs are shown. Furthermore, the best designs
with relatively small outside diameter (lower tool
cost) and the best designs with a higher number
of starts are presented.

Figure 8 expresses two statements very clear-
ly. The first is that, because of their totally differ-
ent cutting parameters, HSS and carbide tools for
the same gear must have a different geometry.
While the HSS hob is usually used at medium
cutting speeds and high chip thickness, the car-
bide hob is used at high cutting speeds and lower
chip thickness. Therefore, the tool layout has to
be different.

The second statement is that, although the car-
bide tool will be run at very high cutting speeds,
the HSS tool will almost reach the same cycle
time because of the higher achievable chip thick-
ness. Since the carbide hob usually has to be
faster than the HSS hob to be cost efficient, new
developments have to provide new benefits to
realize improved cutting speeds and also higher
allowable chip thickness.

As a conclusion, software tools, like Hobbit,
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Figure 8—Example for a machining time-optimized hob.

have to allow users to find the best tool design for
their boundary conditions out of a huge number
of possible layouts. Furthermore, the user is able
to get quantitative information about which tool
concept (HSS or carbide) might be the best for
his application.

Even if an optimized tool design has been
identified, the hobbing process still is very com-
plex and hard to understand. Because of the com-
plicated generating kinematics in combination
with a complex tool geometry, the chip geome-
tries in hobbing processes are not easy to calcu-
late. Since the chip geometry correlates with the
loads during cutting and the wear of the tool, it is
helpful to know the existing contact conditions.
Therefore, WZL has developed another software
program, named Sparta, which is able not only to
simulate the hobbing process and calculate the
chip geometries but also to calculate characteris-
tic process values to quantify the process.

Starting with the different chip geometries, the
program illustrates the complex shape of the
undeformed chips, as can be seen in Figure 9.
Here, a three-flank chip geometry typical for
hobbing processes is shown.

The X-axis shows the position on the cutting
edge, and the Y-axis represents the cutting direc-
tion. The chip thickness is illustrated by the
height (Z-axis) of the diagram. It can be seen very
clearly that every point of the cutting edge has to
withstand a different type of load. This makes the
hobbing process so difficult to optimize because
one coating/substrate system has to match all
these different demands.

However, several characteristic values—e.g.
the distribution of the chip thickness or the con-
tact length, the effective clearance angles, the
chip volumes or the dynamic contact conditions
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Figure 11—Analysis of two important parameters in hobbing.
between hob and workpiece—can be calculated
out of these data for the chip geometries.

These characteristic values can help the user
get a deeper insight into his process than just
judging it by the maximum head chip thickness.
This additional information can be used, on the
one hand, to support a better process setting or
tool design and, on the other hand, to analyze
processes and tools which have not performed
satisfactorily.

To give a practical example, Figure 10 shows
the typical wear of a fly cutter for the considered
gearing.

While the wear on the trailing flank is very
small, the wear on the leading flank in the area of
the protuberance is critical and sets the limit for
the tool life. Since analysis of the chip geometries
did not lead to concrete ideas about this phenom-
enon, additional calculations concerning the char-
acteristic values have been carried out.

Two of those values are shown in Figure 11
along the cutting edge to give first hints to
explain the observed wear.

Figure 11’s upper part shows the minimal
effective clearance angles, while its lower part
shows the number of cuts. In this context, the
number of cuts means the number of chips during
the cutting of a whole workpiece in which the
considered cutting edge section is involved. On
the left side of each diagram, the leading flank is
shown and the wear critical area of the protuber-
ance is marked in gray.

It can be seen that wear was relatively small in
the area of the protuberances with effective clear-
ance angles about 2°. This is related to the lower
pressure angle of only 13° compared to the pres-
sure angle of 20° on the flanks. These low clear-
ance angles lead to a bigger contact zone between
the workpiece and the tool in this area. The big-
ger zone consequently results in higher friction
and thus higher temperatures and abrasive wear.

Furthermore, the number of cuts is significant-
ly higher on the leading flank than on the trailing
flank, especially in the area of the protuberance.
Therefore, the corresponding cutting edge section
has to penetrate the workpiece more often. The
combination of these two effects explains the
wear phenomenon.

Improvements might be possible by increasing
the effective clearance angles at this point, for
example, by choosing a bigger tip clearance angle
or, if possible, a profile modification with a high-
er pressure angle in the protuberance.

As a conclusion, both software systems can
help the user in better designing, analyzing and
understanding the challenging hobbing process.
Such programs will give valuable support to cre-
ate technologically and economically efficient
processes, especially in the field of dry hobbing
with coated carbide tools because of the smaller
windows for optimal process settings.

Conclusions

There are still large potentials in the field of
dry hobbing with coated carbide tools. This
includes the further optimization of the coating
system, the substrate material, defined edge
preparation and tool design. The process reliabil-
ity of the carbide hobs should especially be a key
aspect because these tools are usually applied in
mass production.

In this paper, the investigations were based on
different (Ti,Al)N-based coating systems because
TiN coatings are not suitable in dry hobbing
applications. Concerning tool life, the coating
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thickness should not exceed 4—5 pum. Lubricious
top layers, e.g. amorphous carbon, can lead to an
increase in tool life by 30—40%.

The trials on different carbide materials
proved that the requirements of a dry hobbing
process with regard to substrate are concerned
primarily with not hardness.
Therefore, substrates with higher cobalt content
showed better tool life.

toughness,

Furthermore, investigations to determine a
suitable range for cutting edge rounding and its
potential concerning the tool life of carbide hobs
were performed. The results show that a cutting
edge roundness of p, = 10-15 um improves the
wear behavior of the carbide tools in fly-cutter
hobbing significantly. The results from the analo-
gous process were verified by real process trials
carried out under conditions of industrial produc-
tion. Although the tool life was much smaller in
real hobbing, the better tool life and higher
process reliability could be achieved.

Finally, software tools, like Hobbit and
Sparta, have been presented to point out their
ability to support the user in his efforts to deter-
mine optimal tool designs and process settings as
well as to achieve a better process understanding.
Additionally, the software tool Sparta should also
help to analyze and give hints to improve insuffi-
cient tool or process performances. Especially in
the field of dry hobbing with carbide tools,
because of the smaller windows of the optimal
process settings, such programs will give valu-
able support to create technologically and eco-
nomically efficient processes.

Only with an optimized tool design with
regard to substrate, coating and layout, one will
have the chance to run carbide hobs with very
high speeds and feeds.

Therefore, it can be summarized that carbide
hobbing is still a challenge. But there are also new
benefits to using the high potential of this substrate
material, especially since HSS materials seem to
have reached their performance limits.

Systematic research activities in combination
with a consequent software development will be
necessary to support the end user in his efforts to
meet future demands.
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CLASSIFIEDS

SERVICE

I
® CONTRACT MEFROLOGY'SERVIGES

¢ GURVIC COUPLINGIGRINDING _,--"
& INSPECTION =

BEVEL & CYLINDRIGAL
ELOPMENTS & PROTOTYPES

LICATI ENGINEERING
UPPORT & DESIGN SERVICES

HE TTREA EN'F'l'
e REPLAGEMENT 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

HOB SHARPENING
(763) 425-5247

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

Sharpened & Inspected
Per AGMA STANDARDS
Quick Turnaround

RADIAL CUTTINGFACE SHOWN

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

info@koroind.com

BROAEGH SHARPENING

HOB SHARPENING
SHAVINGGUFFER GRINDING
THIN EILM GOATING

GUSTOM HEAFTREAT SERVIGE

REPLACEMENT HELIGAL GUIDES
EOR 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

WHEN IT HAS TO BE RIGHT

* Gear Grinding to 94"

* Industrial Gears to 250" THE
* Turbo Compressor Gears Sl ¢ 1. |

* Custom Drives WORKS
* Spline Broaching

* Gear Metrology

* Stock Planetary Speed Reducers

GEARBOX REPAIR

| Custom Gear Services Since 1946 |

1SO-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

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

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

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

Breakdown Service Available

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

ml’

%@@L@ 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, Ml 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

Rates—Line Classified: 1" minimum, $325. Additional lines $45 per line (8 lines per inch). Display Classified: 3" minimum: 1X—$735, 3X—$685 per
insertion, 6X—$645 per insertion. Additional per inch: 1X—$255, 3X—$235 per insertion, 6X—$225 per insertion. Color Classified: Add $150 per
insertion for color. Gear Technology will set type to advertiser’s layout or design a classified ad at no extra charge. Payment: Full payment must accom-
pany classified ads. Send check drawn in U.S. funds on a U.S. bank or Visa/MasterCard number and expiration date to Gear Technology, P.O. Box 1426,
Elk Grove Village, IL 60009. Agency Commission: No agency commission on classified ads. Materials Deadline: Ads must be received by the 15th of

the month, two months prior to publication. Acceptance: Publisher reserves the right to accept or reject advertisements at his discretion.
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WEBSITES

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

Be on the Cover of
Gear Technology

Send us your high-quality
gear-related images for our
consideration. It's a great
chance for FREE publicity.

Contact:
Jean Bartz, Art Director
1425 Lunt Avenue
Elk Grove Village, IL 60007

Videsirialws & il s

H‘za

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

WE'RE HIRING

Gear Machine Repairman —

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

Friendly work environment at our convenient
northwest suburban Chicago location.

Profit sharing, health insurance.

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

Fax your resume to 847-437-6618.

(¥ =8 . ko & o

=
-
Ly

GEAR MOTIONS, INC.

www.gearmotions.com

HELP WANTED

MANUFACTURING ENGINEER

Arrow Gear Co., a leading manufacturer of high quality
precision gears, ideally located in Downers Grove, lllinais,
approximately 20 miles west of Chicago, has an excellent
career opportunity.

Candidate should have a background in planning opera-
tional sequences of the machining of sophisticated power
transmission parts. Prior experience in a precision job
shop gear manufacturing environment is a must.
Experience with CAD is required. Unigraphics a plus.

We offer highly competitive salaries, a comprehensive
Company paid benefits package including life insurance,
medical and dental plans. In addition to our Company
funded pension plan, we offer a 401 (K) retirement savings
plan as well as a flexible spending account option.

If you are qualified and interested in being considered for
this position, fax, e-mail or mail your resume including
salary history and requirements to:

Arrow Gear Co.
2301 Curtiss Street, Downers Grove, IL 60515
Fax: 630-969-4535 « Email: Personnel@arrowgear.com

The Guy Down the Hall Wants
His copy of
Gear Technology back

NOW?

Sign up for your own copy at
- www.geartechnology.com
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there is such a thing as a gear fairy,
‘ F then it’s possible he makes surprise

visits to various colleges to deposit
gears under the pillows of deserving
professers.

Ohio  State’s
Mechanical Engineering has been hous-
ing two large collections of gears for
over 100 years. Nobody knows exactly
how the earlier got
According to Professor Don Houser, the
first set was either purchased or donated
at the turn of the century, and the second
was bought from the Illinois Gear &
Machine Co. in 1954.

“The later set, which is more con-
ventional, we’re sure we bought from
Illinois Gear for about $9,000 in 1950s
dollars. The non-circular gears, which
are gold in color, are the ones we’re
open to hearing any ideas from someone
who’s more aware where they came

Department  of

ones there.

from,” says Houser.

A popular theory is that these came
from Germany by way of a gear pioneer
named Peter Koch. There are some tags
on several of the gears, but they’re hard to
decipher. Houser spent about a week trac-
ing the ancestry of the various bevel
gears, worm gearboxes, etc. with no luck.

It wasn’t until about 10 years ago
that another faculty member, Professor
Gary Kinzel, took it upon himself to
clean and paint the gears. He show-
cased them in a display area that had
been sitting vacant for years. Now, vis-
itors at the Department of Mechanical
Engineering can be stimulated by 30 feet
of gearing for their viewing pleasure.

Even though the gear collection
doesn’t have as loyal of a following as
the school’s football team, it can pro-
vide a few minutes of entertainment if
you’re in the right frame of mind. Red
and black are eye-catching visuals for
the displays, and the geared mecha-
nisms look very modern under this color
scheme. The older of the two collec-
tions, called the Tool
Demonstration Gear Collection, has a

Illinois

more antique appearance with golden
gears supported by wooden frames.

Curiosity-seekers who don’t have
business on the second floor of Ohio
State’s Robinson Library can see the
exhibit virtually at www.gearlab.org.

A chic red and black non-circular gear pair.

N A\ DDEN DU M |

Cornell University’s mechanical and
aerospace engineering department is in
the midst of a project that involves elec-
tronically coordinating their models of
machine mechanisms with those at Ohio
State and at various museums and uni-
versities in Europe.

Currently online at kmoddl.lib-
rary.cornell.edu and housed in a hall-
way in the department’s facilities, this
collection of about 250 models contains
about 25-30 gears, some of which also
came from Illinois Gear.

Others date back centuries, including
the collection of Franz Reuleaux of
Belgium. Cornell purchased the collec-
tion in 1882 for $8,000. Among the
notable pieces are models that show the
difference between epicycloids and
involute gears, the subject of fiery
debate in the 19 century.

Unlike the situation at Ohio State,
the professors at Cornell know the
details about the older collection but are
clueless on where the Illinois Gear mod-
els originated. Professor Francis Moon
speculates that they are from the 1950s
or ’60s, but isn’t sure.

“Engineers aren’t always the greatest
at keeping their history,” he admits.

If you own something that resembles
any of these gears and it’s just taking up
space in your office, the Gear Lab
would be happy to take them off your
hands. In addition to these, Houser also
keeps a private stash of more main-
stream gears in his office that he’s
always adding to.

Either of the two schools’ engineer-
ing staffs would appreciate any infor-
mation about the background of their
mystery gears—unfortunately they’re
not prepared to offer a cash reward. {}

Tell Us What You Think . ..

Send e-mail to wrs@geartechnology.com to
« Request more information

« Contact the organizations mentioned
 Make a suggestion

Or call (847) 437-6604 to talk to one of our
editors!
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Our S 400 GT Gear Grinding Machine the S 400 GT allows for the adaptation Contact us for the latest in

is flexible and easy to use. It allows of the latest tool developments - grinding technology.

you to employ or even combine which probably makes it today's most

different grinding technologies like versatile grinding machine. Star SU LLC

profile grinding, continuous generating 5200 Prairie Stone Parkway

grinding, shave grinding (external In addition, we provide you with Suite 100

honing) to find the most efficient way electroplated CBN grinding wheels Hoffman Estates, IL 60192

to grind your gear, worm or rotor. based on our long experience as a Tel.: (847) 649-1450
developer of grinding technology. Fax: (847) 649-0112

Fully equipped with today's standard, sales@star-su.com

like linear motor technology and CNC, WWW.star-su.com

|t|”|||ll|!||lml|'||II| "I!lu|||||||”||||||||||||||||IIIII Hobbing — Profile Grinding — Generating Grinding — Shave Grinding — Chamfering — Deburring — Shaving Cutter Grinding
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Bevel Gear Cutting — Cutting Tools — Rotor Technology — Tool and Commaodity Management Services (CMS)
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