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300% longer tool life* //::

The high-perform.al?ce el for High tech from a family-owned company
heavy-duty machining. Proven since 1978. EE R —

TENDO - the original hydraulic expansion i ¥ __.\ Up to 2 000 N m

toolholder from SCHUNK. Easy handling and 3 /

tool change within seconds. ', = _ torque

| il TIEINIDIO E compact

* Verified in a study by the wbk Institute of Production
Technology at the Karlsruhe Institute of Technology (KIT).

&

¥ i

/ Leh 6 . | d TIEIN[D|O Original TIEINID|O" Sviation TIEIN[DIO ES

ens Lenmann, German goalkeeper legend, . 0, - of. . o

SCHUNK brand ambassador since 2012 The universal o‘ne. 100 %o pull-out safety (0] /P interfering contour
DINESELGET R in high-performance for ideal range-of-freedom

for precise gripping and safe holding.
L('- {ﬁ www.schunk.com/Lehmann 29 interfaces machining in working areas


http://www.schunk.com/tendo-e-compact
http://www.schunk.com/Lehmann

e [ Ty 5 . 3 r o e S BT t
( . + ! . i N - Jrie A L THE DRIVE TECHNOLOGY SHOW
| ' iy :

Booth #801 -

WWW.TOOLINK-ENG.COM e« 303-776-6212

Reduce your manual labor and increase productivity with one of our Cutting-Edge 2017

James Engineering gear deburr machines. Please contact Toolink Engineering directly

o for additional information and to schedule machine demonstrations.
Engineering, Inc.
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Build Better.
Be Better.

As a child you dreamed of changing the world. Today, you build
amazing things that impact the lives of everyone around you.

To accomplish this, you need a company that tackles any project,
big or small. That knows how critical every moment is, regardless of
who manufactured the system.

You want a company that not only helps you build better, but
believes in being better. Better manufacturers. Better partners.
Better people.

Now let’s go change the world, together.

Booth #1801, ASM Heat Treat/Gear Expo 2017
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Felsomat-USA

By Kenneth Carter

With a history of engineering ingenuity and manufacturing innovation, Felsomat has become a world
leader in automated gear manufacturing.

Harnessing Drive Data for Smart Process Design
By Dipl.-Ing Rarl-Martin Ribbeck

Graphical support for process optimization in bevel gear cutting leads to increased machine
performance and longer cutting tool life.

AGMA/ANSI/ISO Standards on Bevel and Hypoid Gears
By Stephen P Radzevich, Ph.D., D (Eng) Sci.

An examination of how standards for bevel and hypoid gearing benefit from the latest achievements
in gearing theory.

A New Wave in Virtual Machining
By Cory Arthur

Finite element gear cutting simulation helps identify process solutions more quickly than
conventional trial-and-error testing.
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— Spline Broaches

— Fine Pitch Gear Broaches
— Form Broaches

— Serration Broaches

— Bearing Cage Broaches
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—DiskSh:;ers The & h
— Shank Shapers Broac

— Hex and Square Cutters

Masters

— Special Form Cutters and Universal Gear Company

NSPectiorn 1605 Industrial Drive
Auburn, CA 95603
— Master Gears Phone: (530) 885-1939

Fax: (530) 885-8157

Call 530-885-1939 or visit
www.broachmasters.com

— Go-No Go Gages
— Posiloc Arbors
— “Quick Spline” Software
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Renk roller-bearing test systems
delivered

and beyond shares news of the organization’s activities, upcoming educational and
training opportunities, technical meetings and seminars, standards development,

DEPARTMENTS

INDUSTRY
08 = NEWS

Reports, data, and developments to keep
you aware of what’s happening with your
colleagues in the gear-manufacturing
industry around the country and world.

Mazak adaptive gear machining
solutions to take center stage at Expo

Gear Manufacturers

In this section, the premier supporter of gear manufacturing in the United States 2 5 American

and the actions of AGMA councils and committees.

MATERIALS
30 = MATTER

Patrick I. Anderson

MATERIALS MODELING FOR BETTER GEAR DESIGN

AND PERFORMANCE

Modeling techniques can quickly determine the best design
and required steel cleanness level based on a gear’s
application and performance requirements.

TOOTH
32 mm TIPS

Brian Dengel

UNDER PRESSURE

Understand the choice of pressure angle in the design of
spur or helical gearing.

HOT
34 mm SEAT

D. Scott MacKenzie, Ph.D., FASM

HOW PARTS CLEANING MAXIMIZES HEAT TREATMENT
The impact of proper cleaning and rinsing on part quality
prior to heat-treating is critical to the surface finish and
overall quality of the finished gear.

Association
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Vince Marlowe

DIRECTOR OF SALES AND MARKETING
Mijno-USA
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EDITOR'S

LETTER

Did someone say

Gear Expo 2017?

Gear Expo 2017, the biggest drive technology show in the industry, is just around the corner
in Columbus, Ohio, October 24-26, and we here at Gear Solutions couldn’t be more excited.
It will be my first gear conference, and I am looking forward to meeting industry experts,

officials, and movers and shakers in order to put a face on names and voices, as well as make
new friends who are looking for a forum to share their gear knowledge with the industry.
That’s what Gear Solutions is for, and I will be at the show to find just the right spot for
your subject, whether that’s a submitted article, company profile, or Q&A.

That being said, consider this issue of Gear Solutions a bit of a primer for Gear Expo with
a range of industry news and articles to help get you in the mood for Columbus.

Stephen P. Radzevich looks at AGMA/ANSI/ISO standards on bevel and hypoid gears,
while an article from Klingelnberg discusses how to harness drive data for smart process design.

Cory Arthur with Third Wave Systems shares his thoughts on using computer simula-
tions to help identify process solutions quicker than conventional trial-and-error testing.

And our company profile spotlights Felsomat and how its emphasis on innovation has
made it a world leader in automation and manufacturing machine tools.

In our AGMA section, you'll get the scoop about how to serve on an AGMA technical
committee and what it can mean to both the industry and employees. You'll also find an
overview of Gear Expo networking events.

I’d also like to introduce to you our newest columnist. Brian Dengel with KHK Gears
is taking over the reins of Tooth Tips, and he hits the ground running right out of the
gate as he discusses how to understand the choice of pressure angle in the design of spur
or helical gearing.

Dengel steps in for Rick Miller, who has been our Tooth Tips columnist for a while.
Thank you, Mr. Miller, for letting Gear Solutions share your expertise.

If you're headed to Columbus, we’ve included a bonus in this issue: a look at restaurants,
attractions, and more for you to enjoy when youre not in gear mode.

So enjoy this Gear Expo preview, and stop by booth #543 and introduce yourself. I'd love
to shake your hand and talk about how Gear Solutions can help you share your message.

Thanks for reading!

Kenneth Carter

Editor

Gear Solutions magazine
kenneth@gearsolutions.com
(800) 366-2185 x204
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FELLOWS 50-8/50-12 GEAR SHAPERS

HYDROSTROKE SHAPERS « REMANUFACTURED IN 2017

We have the world’s largest stock
of used late-model Fellows Gear Shapers. P«

WE OWN WHAT WE SELL, AND WE KNOW WHAT WE’RE SELLING!

“ppar Y e 860-223-7778
ear - CUSTOM MACHINES  www.NewEnglandGear.com
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AND DEVELOPMENTS

Renk roller-bearing test systems delivered

Augsburg-based Renk Test System GmbH,
a subsidiary of Renk AG, has delivered two
unique test rigs to serve as the critical com-
ponents in the world's most powerful test
center for large bearings. Commissioned by
SKF in Schweinfurt several weeks ago, the
test rigs will help to optimize the performance
of future generations of large bearings. The
objective is the development of even more
compact, robust, lower-friction, and longer-
lasting large bearings. The bigger of the two
test rigs is the world's first for testing not
only the main bearing of a wind turbine up
to 6 meters in diameter, but also the entire
bearing assembly. The control software Renk
Dynamic Data Systems (RDDS) enables the
rig to test every conceivable load case occur-
ring in wind-energy plants, e.g. in extreme
storms or with a tumbling rotor.

The two test systems, the Main Shaft Test
Rig (MSTR) and the Dynamic Development
Test Rig (DDTR), are a thousand times bigger

than a “normal” Renk test rig rated in kilo-

Companies wishing to submit materials for inclusion in Industry News should contact the editor, Kenneth Carter, at editor@gearsolutions.com. Releases

newtons. In contrast, the systems installed in
Schweinfurt operate on a meganewton scale.
With combined load input, the MSTR can
act on the tested bearing with a bending
moment of 40 MN and a dynamic force of 8
MN both in axial and radial directions. The
smaller DDTR, engineered to thoroughly
test large bearings in the shipbuilding, min-
ing, paper, cement, and steel industries, can
deliver a commendable performance, too.
It achieves speeds of up to 250 rpm while
applying loads of up to 7 MN to the bearings.
Such testing of new components, geometries
or materials here, too, accelerates the torture
suffered by the bearings.

The sheer dimensions and weight of the
two test systems are gigantic. Featuring
an energy recovery system, the MSTR is
approximately 9 meters wide, 11 meters
tall, and 8 meters deep. It weighs about
700 metric tons. The load disk alone has a
weight of 125 metric tons and a diameter

of about 7 meters. The deadweight of the

accompanied by color images will be given first consideration.

8 gearsolutions.com

Assembly of the MSTR load unit. (Courtesy: Renk)
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DDTR, which also features energy recov-
ery, is in the region of 300 metric tons.
Both of the rigs are mounted on reinforced-
concrete foundations weighing hundreds
of tons, to ensure safe operation. Since
the designs will facilitate extremely effi-
cient testing and also contribute toward a
resource-friendly production of future gen-
erations of large bearings, they have been
sponsored to a total value of about 3.5 mil-
lion euros by the Bavarian State Ministry

for Economic Affairs and Media, Energy
and Technology, and the Federal Ministry
for the Environment, Nature Conservation,
Building and Nuclear Safety.

These test rigs also serve as tools in basic
development work. Even the most modern
simulation programs are unable to faithfully
reproduce all the dynamic processes to which
large bearings are submitted under actual
operating conditions. This is why, until now,
such bearings have been engineered with

“built-in safety reserves” which cannot com-
pletely exclude premature damage. Hence,
experts assume that, under practical condi-
tions, certain phenomena still occur that have
not been adequately allowed for in today's
simulation models. Test rigs are intended
to help analyze such situations. Among the
functions is to investigate the reciprocal
effects of varying lubrication conditions and
bearing designs as well as materials under

highly dynamic loads.

FOR MORE INFORMATION: www.renk.hiz

Matrix Design, LLC to demo
robotic deburring applications
system at Gear Expo

Caption: Matrix Design, LLC will feature the Deburr
Demo cell at Gear Expo in Columbus, Ohio. (Courtesy:
Matrix Design)

Matrix Design, LLC will be exhibiting at
Gear Expo 2017 from October 24-26 in
Columbus, Ohio. Thousands of gear indus-
try professionals are expected to attend the
event to discover cost-effective solutions and
new technologies.

Gear Expo, owned by the American Gear
Manufacturers Association, offers learn-
ing opportunities and educational options
designed to give technology professionals and
those that serve the industry tools to succeed
in the future.

Matrix will exhibit in booth #422, and
will feature its brand-new Deburr Demo
cell. Here, attendees will have the opportu-
nity to see live advanced robotic deburring
technologies. This modular-designed auto-
mation system includes four interchangeable
stations arranged in a quadrant formation
around a single M-20iA35M FANUC robot,
each featuring various deburring solutions
which address the unique challenges associ-
ated with deburring.

“We are very excited to unveil our new
robotic deburring applications system,” said

Ryan Finfrock
Schafer A-Team member

Engineering manager
and world-class gearhead

your gear challenges. Call us.

Exceed expectations. That’s the goal of every engineer on
Ryan’s team. He says they constantly raise the bar. Excelling
at tooling and cutting processes so you get precisely the
gears you want. Troubleshooting and fixing noise and failure
issues that other gear makers can’t solve. Driving down
costs without compromising quality. Ryan’s team thrives on

SCHAFER
INDUSTRIES

schafergearheads.com
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Jeff Bennett, vice president of sales and
marketing. “This new system will allow us
to demonstrate our automated deburring
technologies to manufacturers, as well as

qualify new potential deburring applica-
tions.” Matrix’s staff will be on hand to
present, answer questions, and to help end
users understand how manufacturers’ opera-

tions can benefit from increased produc-
tivity, improved safety and work environ-
ment, decreased costs, and consolidation
of processes.

FOR MORE INFORMATION: www.matrixdesignlic.com

Mazak adaptive gear machining solutions to take center stage at Expo

At Gear Expo 2017, Mazak will demonstrate

producing high-quality gears an easier, faster,

123 will discover how Mazak’s multi-tasking

recent advancements in manufacturing sys- and highly profitable endeavor for job shops machines, when equipped with the latest
tems and processes that make the business of across all industry segments. Visitors to booth  MAZATROL Smooth CNC and Mazak

Get Geared Up For
The Most Accurate
Part Holding

Hydra-Lock innovative
arbors and chucks ensure

repeatability of 0.000030"O.D.
and 1.D. operations are performed

Conform-A arbors and chucks for

parts. Hold gears and splines
with confidence!

Originators and developers

of Hydraulic Chucking

using hydraulically-expanding sleeves
in solid steel, split steel or our unique

holding thin-walled or more intricate

HYDRA-LOCK

CORPORATION

www.hydralock.com
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Smooth Gear Cutting Solutions, can serve
as adaptive machining solutions for precision
gears of all shapes and sizes.

More than 90 model configurations of
Mazak multi-tasking machines can be paired
with the right software and CAD/CAM sys-
tem to perform a wide variety of operations
that include hobbing, forming, surfacing, and
skiving in a single setup. Shops with occasional
gear work, for example, can use a Mazak multi-
tasking machine to turn a part’s .D. and O.D,,
process its mating features, then power skive
its gear tooth pattern. Such capability on one
machine improves overall accuracy because
every part feature runs true to the gear teeth.
Plus, when the machine is not busy with gear
work, it can be used to process a broad range
of complex, non-gear components.

At the Expo, Mazak will highlight its new
closed-loop gear machining strategy, devel-
oped in conjunction with software devel-
oper Dontyne Systems, which simplifies the
measurement and validation of the accuracy
of virtually any gear tooth profile. Through

A Mazak INTEGREX e-1550V/10 multi-tasking 5-axis
machining center cuts a 6-foot diameter ring gear.
(Courtesy: Mazak)
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this groundbreaking process, shops with full,
5-axis multi-tasking capabilities can produc-
tively and profitably produce tight-tolerance
gears in small and medium volumes. The
process also makes it possible to generate

more complex and specialty forms for better
overall gear performance.
Attendees of Gear Expo will also experi-

ence how Mazak’s MAZATROL SmoothX
CNC operates four times faster than the

company’s previous-generation controls. Gear
makers, especially, will benefit from faster
rotary axis speeds, which allow the machine
tool to quickly perform gear hobbing and
skiving operations.

FOR MORE INFORMATION: www.mazakusa.com

HBM Holdings completes platform acquisition of Schafer Industries

HBM Holdings (HBM) announced that it

talent development strategy that will help

has acquired Schafer Industries (Schafer) of our people continue to grow and succeed.

South Bend, Indiana. Schafer is a leading pro-
ducer of high-precision, custom-engineered
gears and machined parts for a wide range
of applications, as well as transaxles, brake
assemblies, and other components for off-
road vehicles. The acquisition of Schafer is
a continuation of HBM’s long-term strategy
to acquire and build market -leading manu-
facturers of industrial products.

“We are thrilled to bring Schafer into our
portfolio,” said Mike DeCola, HBM’s CEO.
“Schafer’s leadership team has done a remark-
able job of growing the company by helping
customers solve complex problems. Building
on this success, we look forward to further
expansion of the business. Schafer is a perfect
fit for our model, as the current ownership
group is ready to transition the business to
reach a new level of capability and success,”
continued DeCola.

Founded in 1934, Schafer is a privately held
company operating through two vertically
integrated divisions: Schafer Gear Works
and Schafer Driveline. Schafer Gear Works
manufactures gears that power products
across a diverse set of markets and custom
applications, including aerospace, industrial
warehouse equipment, and general transpor-
tation applications found in the automotive,
agricultural, and construction sectors. Schafer
Driveline is a leading manufacturer of cus-
tom engineered and assembled transaxles and
brake components, bringing integrated power
delivery solutions to the recreational and off-
highway vehicle industries. In total, Schafer
operates four facilities in the Midwestern
United States, with over 300,000 square feet
of manufacturing space.

Bipin Doshi, CEO and president of Schafer,
said, “As we engaged in the process of selling
Schafer, our priorities were our employees
and our customers. Throughout the process,
HBM Holdings stood out not just in value
for us as shareholders, but in terms of cultural
fit. They understand our markets, technol-
ogy, and resource constraints and have a

Carol Hibschman
Schafer A-Team member

Their focus on growth will benefit both our
employees and our customers.”

Quality manager
and world-class gearhead

what you want, call us.

Cost savings. That’s what Carol and her team are all
about. They see managing quality as an opportunity to
reduce spending. Producing bad parts loses money, time
and your confidence. So, to protect your dollars we do
stringent quality checks to ensure very low PPM defects
and much higher quality gears and drivelines. If that’s

SCHAFER
INDUSTRIES

schafergearheads.com
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Mr. Doshi, along with his wife, Linda,
and Stan Blenke, executive vice president
and CFO, acquired the business from South
Bend Lathe approximately 30 years ago. As
a result of their leadership, the company has
experienced tremendous expansion organi-
cally and through acquisitions. Both Doshi

and Blenke will stay involved during a transi-
tion period.

Eric Van Rens will become the company’s
CEO effective immediately. Since 2004, Eric
has served as the vice president, sales and
marketing for Mississippi Lime, an HBM
portfolio company. He also held earlier roles

in operations, marketing and general manage-
ment with Astaris and FMC Corporation.
Eric holds a Bachelor of Science in mechanical
engineering from the University of Wisconsin
and a Masters of Business Administration
from Rutgers University.

Terms of the transaction were not disclosed.

FOR MORE INFORMATION: www.hbmholdings.com

Hexagon engineer earns recognition for CNC systems optimization work

Hexagon Manufacturing Intelligence
announced one of their young achievers
has earned recognition in the Fifth Annual
“30 under 30" issue of Manufacturing
Engineering, a publication of the Society
of Manufacturing Engineers (SME) and
Advanced Manufacturing Media.

Tim Pheland, a manufacturing engineer
at Hexagon, has been selected as an hon-
oree among a field of 30 young men and
women (all age 30 or younger at the time of
nomination) who are professionals and stu-
dents. His profile appears in the July issue of
Manufacturing Engineering, which celebrates
this group of talented individuals for their

demonstrated achievements, leader-
ship, and high-tech work in manu-
facturing. This SME recognition
program emphasizes that the indus-
try is evolving and advancing, and
young people are enjoying careers in
manufacturing that are important,
challenging, and rewarding,.
Pheland received his Bachelors of
Science degree in Industrial and Systems
Engineering from the University of
Rhode Island. He began his engineer-
ing career working for a manufacturer
of precision fasteners for the aerospace
industry. Pheland accepted a position

Acme Wire Producis Co., Inc.

With 47 years of experience in

Precise | Custom | Complete

* Transport & Cleaning Baskets
* Component Holders

¢ Wire Dunnage
* Load Carriers
* Workpiece Handling Units

From Concept

design and manufacturing, the Acme
Wire engineering team produces custom
wire products to exact specifications.

* Workpiece Carrier Baskets & Magazines

to Completion

Mystic, CT

Web www.acmewire.com
Email sales@acmewire.com

Phone 1-800-723-7015 « 1-860-572-0511
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Tim Pheland, a manufacturing engineer at Hexagon, has heen
selected as an honoree among a field of 30 young men and women
who are professionals and students.

as a manufacturing engineer with Hexagon and
continued to enhance his career with a Master’s
degree in the same concentration. Three years
ago, Pheland joined the parts manufacturing
department located at Hexagon's Quonset Point
headquarters in Rhode Island. In his new engi-
neering capacity, he focused on optimizing the
company's CNC systems in the areas of program-
ming and tooling, In just six months, his efforts
resulted in a significant reduction in cycle time,
as well as doubling throughput, enabling the
department to improve quality, and cut their
‘cost per part’ in half.

“We are very pleased that one of Hexagon's
rising stars has been recognized by the
Society of Manufacturing Engineers (SME)
Fifth Annual 30 Under 30’ list,” said Steve
IImrud, vice president of operations, Hexagon
Manufacturing Intelligence North America.
“Tim Pheland, a manufacturing engineer at
our Rhode Island headquarters, is a shining
example of the up-and-coming talent needed
to push advanced manufacturing forward in
the United States. Tim's dynamic leadership
and focus on excellence in the parts manufac-
turing area has helped our team to significantly
improve production processes and systems.
And his optimization work continues today.”

FOR MORE INFORMATION:
www.hexagonmi.com
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Kapp Niles presents Rocky Mountain Profile Grinding School

The Rocky Mountain Gear School is celebrating
its 10th year and is all about profile grinding, The
school takes place October 11-13, 2017, in Boulder,
Colorado. Officials have worked methodically
through this decade to fine-tune the program,
so experienced experts can meet attendees' needs.
The multi-layered program is specifically designed
to optimize learning and strengthen understand-
ing of profile grinding.

The program includes a well-balanced mix-

ture of profile grinding technology in a class-
room setting, and hands-on demonstrations to
turn participants into profile grinding experts.
Every participant will have the chance to put
the learned skills into practice immediately
with on-site machines. Additional workshops
provide further opportunities to explore, and
network with others in the field.

The school’s concept is that machine dem-
onstrations reinforce the theoretical training

and help people retain more of the informa-
tion taught in the classroom. Workshops offer
further opportunity for review, as well as a
platform to explore students’ own applica-
tions with experts, as well as others in the
group.

Additionally, this year offers one of the
following options:
* Bring-Your-Own-Gear Session.
¢ Tour of Aerocom Industries.

FOR MORE INFORMATION: www.kapp-usa.com

Seco partners with local
university for engineering
internship program

Seco Tools, LLC has partnered with Ferris
State University (FSU) in Big Rapids,
Michigan, to offer local area engineering
students an opportunity to participate in
a multi-year internship program at Seco.
The program invites the top three engineer-
ing applicants to participate for an initial
first-year internship. Then, based on their
interest and performance, the students are
potentially asked back for a second year.
Once a student graduates from the program,
Seco often offers employment at one of the
company’s several U.S. locations.

Under the guidance of seasoned mentors,
Seco interns experience a combination of
classroom training and real-world business
experience while earning their degree at FSU.
The first-year interns take part in technical
training and the development of custom tool-
ing. They will also learn to operate machines
and accompany Seco applications special-
ists on outside customer calls. These facets
of the program ensure students receive a
comprehensive overview of all their potential
areas of interest. During their second year,
interns are often sent out-of-state to shadow
an experienced sales rep and make profes-
sional sales calls for on-the-job experience.
Students participating in the sales portion
of the internship program are paid competi-
tive wages during the internship and receive
assistance with housing placement and living
expenses. Seco also provides a company car
to all second-year students.

“We are very proud of our values at Seco,”
said Andrew Nalian, human resource gen-
eralist and head of Seco’s internship pro-
gram. “One of our values is family spirit,
and we want to make sure our students are

Chad Carrico
Schafer A-Team member

Material flow/CS manager
and world-class gearhead

Open-minded. It’'s how Chad and his team address your
gear needs. They know there are multiple variables that can
improve your parts. Their job is to explore the possibilities
and zero-in on the raw materials, castings, heat treatment
sources, etc. that will help us make your precision gears
more cost-effectively ... then deliver them 100% on time.
We’'ll go the extra mile for you. Let’s talk.

SCHAFER
INDUSTRIES

schafergearheads.com
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Engineering students interested in an internship with
Seco should plan to visit the Seco booth at Ferris State
University’s career fair to be held in October.

taken care of and have all the tools they
need to succeed. Because Seco takes care
of everything, the students’ parents don’t
worry about their son or daughter moving
to a new city and having to locate and pay
for housing. If the intern is participating in
the second-year sales program, the parents
don’t need to worry about a car either, as a
company car is provided.”

Seco’s internship program has been in
place for several years, and feedback has
been extremely positive. The majority of
students who complete the program end up
working for Seco.

“We have placed second-year students all
over the country, from South Carolina, to
Texas and California,” said Nalian. “Most
of these students will have a job offer with
us before they even graduate. In today’s
marketplace, that’s a huge advantage.”

Engineering students interested in
an internship with Seco should plan
to visit the Seco booth at FSU’s career
fair to be held in October. Inquiries may
also be directed to Nalian via email at:
andrew.nalian@secotools.com.

FOR MORE INFORMATION:
www.secotools.com
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Senvol president to join SME’s additive
manufacturing community advisers

SME recently announced that it has selected Senvol President Zach
Simkin to join as an adviser to SME’s Additive Manufacturing
Technical Community. Selections for the advisory board are
based on a combination of active industry contributions, reputa-
tion, and personal commitment to expand the use of additive
manufacturing.

“Society of Manufacturing Engineers (SME) is delighted to
have Zach join their tenured Additive Manufacturing Advisory
Committee,” said Jeff DeGrange, chairman of the advisory board
and chief commercial officer of Impossible Objects. “He brings a
wealth of additive manufacturing expertise to the industry and we
look forward to his positive contributions.”

Simkin’s role as an SME AM adviser will be for a three-year term.

SME, previously known as the Society of Manufacturing Engineers,
promotes advanced manufacturing technology and develops a skilled
workforce. It was founded in 1932. The board helps to advise SME
on its additive manufacturing initiatives and strategy.

FOR MORE INFORMATION: www.senvol.com

POWDERMET2018 issues call for papers

An official call for papers and posters has been announced for
POWDERMET2018: International Conference on Powder
Metallurgy and Particulate Materials, June 17-20, 2018. This lead-
ing North American powder metallurgy (PM) conference will be at
the Grand Hyatt San Antonio, Texas, and is seeking a wide variety
of topics.

Submission categories include the following:
* Design and modeling of PM materials, components and processes
¢ Particulate production
* General compaction and forming processes
* Powder injection molding (metals and ceramics)
* Pre-sintering and sintering
* Secondary operations
* Materials
* Refractory metals, carbides and ceramics
* Advanced particulate materials and processes
* Material properties
¢ Test and evaluation
* Applications
* Management issues

“The POWDERMET conference provides a perfect opportunity
for everyone involved in the PM industry — from the visionar-
ies and the theorists to the current and the practical,” said Ken
Schatz, sales manager, Metco Industries, and longtime confer-
ence attendee. “For me, the main benefit is in the showcasing of
available current products and the ability to learn about the latest
technology in current production applications. It also provides a
good forum to network with vendors, suppliers, other part pro-
ducers, and end users. ”

Submissions will be accepted through November 3, 2017.

FOR MORE INFORMATION: www.powdermet2018.org
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AMPM2018 conference issues
call for presentations

An official call for presentations has been announced for AMPM2018:

Additive Manufacturing with Powder Metallurgy, June 17-20, 2018.

This leading North American metal additive manufacturing (AM)

conference will take place at the Grand Hyatt San Antonio, Texas,

and will feature top industry experts in this fast-growing field.
Submission categories include the following:

* Materials

* Applications

e Technical barriers

¢ Process economics

* New developments

“Metal AM is still expanding exponentially,” said Jim Adams,
executive director/CEO, Metal Powder Industries Federation (MPIF).
“Due to increased conference participation over the last several years,
we've decided to extend the technical sessions at AMPM2018 to
three days. Speakers will have more time to explain their research,
and attendees will have even more opportunities to learn and grow.”

Submissions will be accepted through November 3, 2017.

The conference is sponsored by the Metal Powder Industries
Federation, the North American trade association representing the
powder metallurgy industry, and its affiliate APMI International.

FOR MORE INFORMATION: www.ampm2018.org

Huron touts growth, innovation as keys
to success

Seeing Huron’s brand-new assembly line in Eschau, France, in person is the best way
to see industrial progress up close. (Courtesy: Redex)

While Huron is proud of its 130-year history of technical and indus-
trial culture and of being a member of the exclusive club of the three
leading French manufacturers of machine tools, it is not about to
become complacent.

Huron’s MU Series universal-head milling machines, revered by several
generations of engineers and technicians, have long since passed into his-
tory and been replaced by the ultimate in high-precision 5-axis machines.

Honing and Cup wheel face Super Finishing
System developed by Nagel Precision for
small and medium volume production is a
lower cost and higher Quality alternative to

ID and Face grinding. This compact system

combines two proven technologies.

Generate sub micron bore to face
perpendicularity, and mirror finishes on gear
bores as well as faces. All for a fraction of the
cost of ID / Face Grinders

NAGEL

Nagel Precision, Inc.
288 Dino Dr. ® Ann Arbor, Ml 48103

734-426-1812

www.nagelusa.com
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The decisive advantages in the handle explain why it has been a favorite in
recent decades. Known since Day 1 for the extreme rigidity of its frames
and the resulting natural rigidity, Huron is quick to assert the strong
conservativeness of its engineering and design departments in this field.

“Our frames, which have long been optimized by structural
calculations, have amply proven their outstanding quality in field
conditions,” said Jean-Francois Killian, head of Huron’s R&D and
engineering and design departments.

These field conditions are particularly demanding when consid-
ering that Huron supplies machines to high-tech industries such as
aeronautics, space, defense, and precision molding.

Above all, the tools used and the forces they are subjected to during
machining are factored into overall design of each machine.

“Companies in these sectors really appreciate the surface finishes
and machining precision possible with our machines, particularly
when they are used for working hard metals,” Killian said. He cited
the manufacture of Inconel or titanium parts, two benchmarks.

Scale is no factor; Huron’s 5-axis machines handle small precision
instruments and medical prostheses as well as large molds and aircraft
structural components.

When it came to expanding Huron’s offerings by adding new drive
solutions to replace, or provide alternatives to, the usual technologies,
the meeting with Redex seemed natural.

“We already knew that Redex is a French manufacturer known
around the world for making high-tech products with outstanding
precision,” Killian said. “But when you take a closer look at their
machines, you see that they are beautifully designed.”

The first discussions between Huron and Redex confirmed Redex’s
ability to provide ready-to-use modular solutions perfectly suited to
the most demanding machine tool applications.

“Quite simply, our experience with Redex is that the company
reduces risk down to its simplest form,” Killian said.

Once the first project was initiated, Philippe Le Floc’h, Redex’s
key account expert for France and Benelux, established close working
relationships with his contacts at Huron’s engineering and design
departments. As usual with applications of this type, the initial goal
was to clearly identify the strategic parameters.

“We were quickly able to fully settle all the details of the specifica-
tions together,” Floc’h said. “After that, it was the responsibility of
Redex to come in and to recommend sizes, options, placement, and
adjustment methods.”

A Redex technician was even posted to Huron to actively participate
in the initial sec-up and testing.

“The level of technical discussions we have with Redex is exactly
the same as that which we have long had with our suppliers of motors,
drives, and linear measuring systems,” Killian said. “Like with Redex,
we always choose companies that are world leaders in their fields.
In any case, we have direct access to their top business specialists.”

For the sake of technical safety, the company chose to fit the first
machines with mechanical preload drive systems. Doing so facilitated
mechanical integration easily and, more importantly, avoided having
to change the number of axes managed by the numerical control.
Other criteria included substantial savings on the cost of the drive.

One of the advantages of this modular solution was that it could subse-
quently be fitted with an electrical preload system if necessary. This electri-
cal preload solution was quickly used when required by other machines
configuration. The results were better than expected, and Redex’s solution
was immediately implemented on any subsequent machines.

FOR MORE INFORMATION: www.redex-group.com or huron.fr
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APl Services announces accreditations

Automated Precision-Services Division (API Services), a company spe-
cializing in three-dimensional measurements and high-value metrolo-
gy solutions, announces that it has been awarded A2LA Accreditation
to ISO/IEC 17025:2005 and ANSI/NCSL Z540-1-1994 Awarded by
the American Association for Laboratory Accreditation (A2LA). It
has expanded its current accredited tracker calibration capabilities to
include our Omnitrac 2 laser tracker and machine tool calibration
equipment/processes.

“By us being accredited, customers have the assurance that the
equipment used and data provided is accurate and reliable,” said Kati
Allison, quality manager.

ISO 17025 certification is a global compliance system for calibra-
tion and testing laboratories requiring strict adherence in order to
guarantee the reliability of the measurements provided. Accreditation
proves the technical capability of a laboratory to execute certain types
of measurement and raises the bar for the company.

“Our recent assessment by A2LA on the compliance to ISO 17025
is huge for us,” said Vice President of Services, Ron Hicks. “First of
all, our continued successful compliance to calibrate our API Laser
Trackers at our Newport News office confirms our personnel train-
ing, enhanced processes and our communication with our Rockville
headquarters means our program is working. Our customers should
rest assured that that we have the technical knowledge and expertise
to calibrate and repair their expensive assets.”

“In addition, the scope we have added for CNC Machine Tool
Calibration, both standard and volumetric, also assures the customer
our program is working. The ISO 17025 accreditation for machine
tool calibration is a testament that our API equipment is up to the
test and our personnel are trained to use on the customers CNC’s.”

This ISO certification shows API Service’s commitment to deliver
reliable, high-quality calibrations and to continually improve devel-
opment processes. The scope of the ISO certificate includes the
calibration, repair, and service of test and measurement equipment
and software. A2LA Accreditation imposes stricter requirements than
ISO 17025 and ANSI/NCSL Z540 certification alone, particularly
focusing on technical competence, traceability of measurements
and proficiency of the calibration lab. A2LA is a nonprofit, non-
governmental, public service membership society whose mission is
to meet the needs of both laboratories and their users for competent
testing and calibration; improve the quality of laboratories and the
darta they produce; and increase acceptance of accredited laboratory
dara to facilitate trade, based on internationally accepted criteria for
competence (ISO/IEC 17025:2005).

A2L A-accredited laboratories are recognized and accepted in 46
countries and in more than 30 federal, state, and local government
agencies, companies, and associations. AP is also recognized by the
ILAC, the International Laboratory Accreditation Cooperation, giv-
ing more credibility overseas.

FOR MORE INFORMATION: www.apisensor.com

Schunk USA begins headquarters expansion

Schunk USA announced the start of construction of an expansion at its
US headquarters that will more than double the size of existing facili-
ties. Schunk’s US headquarters is already the largest facility outside of
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Breaking ground at 211 Kitty Hawk Drive, from left, Jan Kuehne (Schunk), Ed Yerha
(Cary mayor pro tem), Herb Bass (Schunk), Bernd Schellenbauer (Schunk Germany),
Milton Guerry (Schunk US President), and Jim Bell (Bobbitt). (Courtesy: Schunk)

Germany. This expansion will provide space for a state-of-the-art tech
center and training facility, additional manufacturing capabilities, and
increased office space to allow Schunk to better serve customer needs.

The company will be investing $30 million in infrastructure,
equipment, and personnel by 2022. More than 80 new jobs will be
created over the course of four years. In addition to the jobs created
and the stimulus to the local economy, the manufacturing community
will benefit greatly from this resource. The additional manpower will
enable Schunk to provide even greater customer care and continue
to meet the demands of a rapidly growing and continually evolving
manufacturing industry.

“This expansion is important for us to continue meeting the needs
of our customers. As manufacturing processes grow and change,
Schunk will continue to be a leader in the industry, with cutting-edge
technology and a focus that continually places the customer first,”
said Milton Guerry, president of Schunk USA.

Two separate expansions will be built in phases. Initially, a
19,000-square-foot addition to the east side of the building will
expand the size of the manufacturing area by 150 percent. This will
allow for greater efficiency and increased production capabilities to
better respond to customer requests and specialty orders. This addi-
tion will also double the space dedicated to the successful NCTAP
apprenticeship program, allowing Schunk to continue to train future
generations of workers.

A separate 22,000-square-foot three-story addition to the north side
of the building will encompass a state of the art Tec-Center, training
facility, and more office space. With these facilities, Schunk will be

' i
Etui-l:: ¢

Rendering of the 22,000-square-foot three-story addition to the north side of the
building, which will encompass a state of the art Tec-Center, training facility, and
more office space. (Courtesy: Schunk)
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Rendering of the 19,000-square-foot addition to the east
side of the building, which will expand the size of the
manufacturing area by 150 percent. (Courtesy: Schunk)

able to host enhanced training programs for
distributors and customers, allowing them
to understand products better and improve
their own applications. The Tec-Center will
showcase the latest innovative technology
for customers to view products in a real-ife
application and through interactive demon-
strations.

Schunk celebrated this milestone with
a groundbreaking ceremony on August
15, which included remarks by Milton
Guerry, Schunk US President, and Bernd
Schellenbauer, CFO Schunk Germany. Ed
Yerha, mayor pro tem of Cary, spoke about
the importance of manufacturing in the
United States. Other guests included North
Carolina State Rep. Joe John, several mem-
bers of the Cary Chamber of Commerce, and
representatives of prominent area manufac-
turing companies.

Construction of the expansion at 211 Kitty
Hawk Drive in Morrisville, is expected to be
completed in the fall of 2018.

FOR MORE INFORMATION:
www.us.schunk.com

Breakthrough in digital
transformation: thyssenkrupp
connects machinery

Thyssenkrupp connects the machinery of the
materials division via a new digital platform.
“Toii” is an in-house development that connects
machines of different makes and generations.
Thanks to toii, all machines can communicate
with each other. Due to predictive maintenance,
the platform is also supposed to forecast the
necessity of machine services in the future. The
name chosen by the business area is a double
play on words — it spells IIoT backwards, the
abbreviation for “Industrial Internet of Things”
—and it is pronounced like the word “toy,” an
indication of how the new platform makes
linking heterogeneous machines to existing I'T
structures “child’s play.” Toii was developed
completely in-house by company software engi-
neering experts and tailored to the specific
requirements of materials services.

ONE PLATFORM FOR EVERYTHING

The machinery belonging to the business
area, which focuses on global materials dis-
tribution and processing services, is highly
diverse: The machines perform a wide range

EXPANDING YOUR EXPECTATIONS
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We're committed to the delivery of quality products with the
fastest shipping times in the industry.
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of tasks, were made by various manufacturers,
and differ in age. Now, toii makes it possible
to connect bandsaws and bending machines,
mobile objects such as cranes and forklifts,
and even complex production facilities such
as slitting and cut-to-length lines and sophis-
ticated processing solutions through milling
machines and laser systems digitally in line
with the Industrial Internet of Things.

The digital platform allows the machines
to share data and communicate with one
another and with the IT systems. Processes
can be planned and coordinated optimally
and flexibly across locations worldwide. As a
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further major benefit, the platform simplifies
darta analysis: Which product has been pro-
duced when and in what quantities? Which
machine needs maintenance? What could be
developing into a problem? What additional
materials need to be delivered? The system
answers all of these questions and many more
by gathering and analyzing data. The results
are just a mouse click away — clearly struc-
tured, and easy to understand.

“We've created an end-to-end solution that
is tailored specifically to our needs. It will
enable us to accelerate the automation of
our production operations and make our

You'd like to
know more?
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processes much more efficient,” said Hans-
Josef Hof3 from the board of thyssenkrupp
Materials Services.

“We are now taking the digital transfor-
mation to the core areas of our business: our
production shops, our machinery and equip-
ment, and our materials. Our customers will
feel the benefit — and so will we.”

CLOSE TEAMWORK OF MAN AND
MACHINE

Toii has already successfully proven its worth
in several pilot projects. For example, at
Materials Processing Europe in Mannheim,
a new, highly complex cut-to-length line
that cuts sheet from coil was fully connected
with the platform. The result: toii transfers
work orders directly and in real time from
the SAP system to the machine and con-
trols its settings from sizes and weights to
volumes. The platform also automatically
retrieves the machine information required
by SAP. As a result, the status of production
and the finished products can be viewed at
any time. Other machines have also already
been digitally connected and automated using
toii, for example, measuring the thickness
of metal strips for effective quality control
and automatic blanking. In the latter case,
the platform even made it possible to fully
integrate the blanking operation into a pro-
duction line. In other areas, from high-bay
storage to mobile construction machinery,
toii is improving efficiency as well.

The platform is an in-house develop-
ment, highly scalable, and can integrate
up to several hundred machines a year. An
international materials services team of IT
professionals from Germany, India, and the
United States worked together to develop
toii. Alongside various projects in Germany,
there are already plans to deploy the system
in the UK and the USA. All data are cur-
rently hosted on a central server in Germany.
But to be able to comply with all data pro-
tection law requirements, local servers will
also be created in the UK and USA as part
of the further roll-out.

FOR MORE INFORMATION:
www.thyssenkrupp.com

Set adjustable bore gages
quickly, accurately with new
Mahr tool

A new bore gage setting tool from Mahr Inc.
makes setting up adjustable indicating instru-
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ments, such as Mahr’s 844 N Adjustable Bore
Gage and 844 T Universal ID/OD gage,
quick and accurate. The Multimar 844 S Bore
Gage Setting Tool uses gage block combina-
tions and a simple hand clamping mechanism
to set instruments in either the horizontal or
vertical position.

It provides accurate nominal value setting
for internal and external dimensions using
gage block combinations, and the simple
hand-clamping mechanism assures quick
accurate setting

“Typically, adjustable bore gages are set
using micrometers or master rings,” said
George Schuetz, Mahr director of precision
gages. “But micrometers have inherent errors
that can be passed along to the gage, and
master rings can be expensive, especially if
one is required for each of many sizes on the
shop floor. Using a bore setting gage with a
gage block stack assembly in a clamp with
jaws at both ends provides a highly accurate
reference master.”

The rigid base of the Multimar 844 S
bore gage setting tool is made of anodized
aluminum for mobile or stationary use, either
in the lab or on the production floor. Three
sizes are available: 15.5”, 45”, and 85.8”, along
with a wide range of accessories for various
gage types.

Mahr Inc. is a member of the Mahr
Group, which has over 150 years of experi-
ence providing dimensional measurement
solutions to fit customer application needs.
The company manufactures and markets
a wide variety of dimensional metrology
equipment, from simple and easy-to-use
handheld gages to technically advanced
measurement systems for form, contour,
surface finish, and length.

FOR MORE INFORMATION:
www.mahrexactly.com

ABM Drives doubling China plant
for new self-powered hub wheel
drive

Offered as a .6 kW version, this powered
hub wheel drive package includes the wheel
with tire, AC motor, gearbox and brake.
Typical applications include moving 1,000
-5,000 pounds at speeds from 1.5 to 2.5
mph. The max wheel diameter is 230 mm.
This is one of the most frequently sold
products of ABM Drives Suzhou Co. Ltd.;
revenue of the hub wheel drive is in the
five-digit range.

A new hore gage setting tool from Mahr Inc. makes setting up adjustable indicating instruments, such as Mahr’s
844 N Adjustable Bore Gage and 844 T Universal ID/0D gage, quick and accurate. The Multimar 844 S Bore Gage
Setting Tool uses gage block combinations and a simple hand clamping mechanism to set instruments in either the
horizontal or vertical position. (Courtesy: Mahr)
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The Best Performance Over Price

LVC-100 cNC Spiral Bevel Gear Cutting Machine
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@ Cup type milling cutter with HSK tool holder, spindle speed at 4000 rpm
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This is a new product from ABM that
emphasizes the versatility and compactness
of their product design. The motor, drive,
and brake are nearly inside the caster wheel
itself. The company is excited about this
brand-new product and a plant expansion
to make it. It is perfect for small robotic
applications.

In June 2007, ABM Greiffenberger
Antriebstechnik GmbH founded its sub-
sidiary ABM Drives Suzhou Co. Ltd. in
the Chinese city of Suzhou, near Shanghai.
ABM Greiffenberger went to China to bet-

ter serve customers worldwide, to improve

response and delivery times, to ensure quick
service, and to strengthen its position in the
global market. Today, there are 27 employees
working in sales, purchasing, and produc-
tion in Suzhou. In 2017, sales are at 13
million euros.

By the end of August 2017, a move into
a new, and larger, building of 3,200 square
meters is planned. “The old building is
bursting at the seams. The move opens
best prospects for the future,” said Robert
Lackermeier, CEO of ABM Greiffenberger
Antriebstechnik. In these premises, further
products will be built for the Chinese mar-

MANDO G211

Segmented mandrel for gear cutting
Check it out at Gear Expo!

1.800.281.5734
Germantown, WI USA
www.hainbuchamerica.com

B Segmented mandrel with slim interference contour

B Rigid radial clamping with pull-back effect

B | arge clamping range and vibration dampening
due to vulcanized clamping bushings

B In-stock standard segmented clamping bushings

B Three end-stop levels

B |ntegrated flushing channels

€Y America

HAINBUCH

WORKHOLDING TECHNOLOGY
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ABM Drives is doubling its China plant for its new self-
powered hub wheel drive.

ket, and new production processes will be
added. “This will strengthen our position
even more,” Lackermeier said.

“We have established ourselves very
well in the Chinese market,” said Bernd
Hauenstein, general manager of ABM
Drives (Suzhou) Co, Ltd. “We are offering
comprehensive service with short response
times because our employees are quickly
on site. The production in Suzhou ensures
short delivery times. We are producing a
very high quality which meets German and
international standards.”

The Weihua — Group, a prominent Chinese
crane builder, has honored ABM as an
“outstanding supplier.” For the assessment,
the selected criteria were quality, innova-
tion, ability, and delivery reliability. ABM
Greiffenberger supplies Weihua with hoist
and travel drives for hoist technology.

At several national and international
production sites, an average of approxi-
mately 300,000 drive units are produced
annually. It is the future goal for ABM
to penetrate the focused markets of hoist
technology, conveyor technology, storage
logistics, material handling, e-mobility, and
renewable energies even more intensively.
Also, the company aims at further areas,
like construction and textile machinery to
increase world market shares. §

FOR MORE INFORMATION:
www.abm-drives.com
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American

Association

Many already know that AGMA is an association of companies, con-
sultants, and academicians with a direct interest in all things gears,
couplings, and power transmission components. Some are equally
aware that AGMA hosts an exceptional Gear Expo every two years,
holds an annual Fall Technical Meeting showcasing work of some of
the industry’s best gear experts, and is growing the AGMA Foundation
every year to provide more student scholarships and encourage young
engineers to pursue their dreams. What you might not already know is
that AGMA has 23 active technical committees that are always looking
for new individuals with a broad range of experience and expertise to
contribute to the development of AGMA Standards.

The future of the gear industry is only as strong as the members
that get involved to grow and improve it. From aerospace to cutting
tools and mill gearing to wind turbines, there is a technical com-
mittee for everyone in the gear business. By volunteering to be part
of a technical committee, your company taps into a vast network of
knowledge. Committee membership connects you to more than 200
other active AGMA member companies that are developing standards
for the industry.

“The non-technical benefits to the committees are the relation-
ships you build. You have a chance to get involved with experts who
are available and happy to talk with you,” said Allen Willison, presi-
dent of A&]J Engineering and chairman of the AGMA Computer
Programming Committee. “Sometimes, you have competitors in
the group, but, when coming up with a program or understanding
a standard, it is all about the effort versus anything happening in
the marketplace. Building those relationships and learning from
each other is one of the best benefits that I see from being on the
AGMA committees.”

Joining a technical committee is a unique way to develop a network
of peers to achieve better insights into the work you perform and
the markets you serve every day. In addition, anyone who joins has
the opportunity to learn from the experts and will be able to study
various technical subjects that relate to gear design, manufacture,
and operation, which are important to career development and
your company’s future. The best part? No experience is needed. All
types of gear-related employees are welcome to join. No one should
feel intimidated, because all new committee members start off as
an observer; over time, they will gain the confidence to participate
more freely and bring some unique ideas to the table, and then in
turn, back to your company. Due to the vast locations of members,
most meetings are held via web conferencing, which makes the time
commitment more efficient for busy schedules.

Gear Manufacturers

Justin Skorski

AGMA Staff Engineer

“Companies that support AGMA technical committees will receive
an employee that has been exposed to very specific technical infor-
mation for both well proven concepts as well as information on the
cutting edge of gear and gear unit design, manufacture, and fail-
ure,” said Todd Praneis, director of Product Development at Cotta
Transmission Co. and chairman of the AGMA Technical Division
Executive Committee. “Their employee will gain industry contacts
that may help find the right resource to help solve a problem or
improve a product or process. Young engineers may believe that the
information in a standard is ‘handed down from On High, but by
being involved in a committee, one will learn the origin and gain a
deeper knowledge of the subject material.”

You could make an impact both in the United States and around
the world. Many of our technical committees also act as a technical
advisory group (TAG) to their ISO counterpart working groups (WG)
for the development of ISO standards. This type of international
relationship building is very beneficial for each company that wants
to grow with the industry.

“We highly encourage all of our members to be a part of the techni-
cal committees, not only for the benefit of their own company and
employees, but also for the benefit of the industry itself,” said Amir
Aboutaleb, Technical Division vice president of AGMA. “We know
there is a need for younger engineers to take over the responsibilities
and direction of the standards through these committees, and what
better way to get started now when our experienced members can
pass on their knowledge?”

To find out more about AGMA technical committees, visit the
technical committees page under the Standards tab on agma.org, or
email tech@agma.org.

October 24-26, 2017

Columbus, OH

WWW.gearexpo.com
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Gear Expo and ASM Heat Treating Society
Networking Reception

The first day of Gear Expo is always exciting and busy. AGMA
and ASM Heat Treating Society want to welcome all those who
have worked so hard to exhibit and attend Gear Expo 2017. All are
encouraged to meet in the exhibit hall for a beverage and a chance
to mingle. This will be a great way to connect with new peers and
discuss the upcoming events for the following days. This event is free
for all Gear Expo and education program attendees.

Taste of Columbus Reception

Columbus’ North Market
(short walk from Convention Center)

Sign up for the event when you register for Gear Expo.

$75 for members
$95 for non-members

AGMA and ASM will co-host an exciting new joint networking event
at Ohio's North Market. The evening has been set up for Gear Expo
exhibitors and attendees to bring guests and potential business leads
to enjoy the food and entertainment Columbus has to offer while
continuing the industry conversations outside of the EXPO.

There will be more than a dozen vendors lined up to serve people as
they stroll through the 100-year-old historic market. Some participat-
ing food artisans include: The Fish Guys, Little Eater, Jeni's Splendid
Ice Cream, and A Taste of Belgium. In addition to the magnificent
food, Watershed Distillery and Middle West Spirits will have bour-
bon tastings and fresh-rolled cigars at the cigar-rolling station. The
food and spirits will be topped off with entertainment provided by
Lieutenant Dan's New Legs, a popular band from Columbus that
will be sure to have the crowd on their feet.

American

Gear Manufacturers
Assoclation

October 24-26, 2017

WWWw.gearexpo.com
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Industry Tour

When you register for Gear Expo 2017, you can sign up for a free
guided tour around the show floor that will give you a personal intro-
duction to 10 of the exhibiting companies. You will have one-on-one
conversations that will provide information on the latest technologies
from some of the top companies in the industry.

The tours are one hour on Tuesday and Wednesday. This new
service is the best way to meet the experts from AGMA's Gear Expo
2017 and ASM's Heat Treat 2017 and enhance your show experience.

For more information about Gear Expo’s networking
events, please visit:
www.gearexpo.com/networking-opportunities
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GEAR EXPO SOLUTIONS
CENTER - KEYNOTE SPEAKERS

Free education sessions will be available in the Solutions Center on the show floor.
Come listen to the latest innovations coming out of the drive technology industry.
These sessions can help you solve your manufacturing predicaments and can provide
you with an ROI that will more than pay for your trip. The complete list of presenters
is available on the Gear Expo website (www.gearexpo.com) or download the free Gear
Expo app through the Apple or Android stores.

Each day there will be a special keynote presentation from 1 - 2 p.m

Boris is an expert in the Industrial Internet of Things (lloT) and how manufacturers now
have the ability, even with minor investment, to have lloT projects in their factories that
can provide actionable results. He will discuss lloT in his presentation: The Industrial
loT is Here — and Manufacturers at ALL Levels Can Implement and Find ROI Quickly.
Boris first spoke to the AGMA audience during an Industrial Internet of Things (lloT)
panel at this year’s Annual Meeting. Due to the popularity of his presentation, AGMA
recognized the companies at Gear Expo would appreciate the innovative energy Boris
has and would benefit from the direct impact of his knowledge.

Dr. Johnson, director of the Advanced Manufacturing Office (AMO) in the Office of
Energy Efficiency and Renewable Energy (EERE), is focused on creating a fertile inno-
vation environment for advanced manufacturing and enabling vigorous development
in the United States of new energy-efficient manufacturing processes and materials
technologies. Johnson will address the needs for the industry of the future and discuss
key enabling technologies that will help achieve these goals. He will highlight ways
in which the Department of Energy and the AMO are helping support innovation in
the field of advanced manufacturing while continuing stewardship for energy efficient
manufacturing processes and materials technologies.

John “Jay” Rogers is the CEO and co-founder of Local Motors, a technology company
that uses a co-creating community to design, develop, and build Olli, the world’s first
self-driving cognitive vehicle. Local Motors is redefining the development of connected
hardware by pairing micro-manufacturing with the open-source technology commu-
nity. It is the first company to use direct digital manufacturing (DDM), debuting the
world’s first 3D-printed car, the Strati, in September 2014. This type of innovation
works well with Gear Expo’s drive technology focus and AGMA’s strategy of bring-
ing emerging technology to the gear industry. In addition, the Gear Expo attendees
represent a variety of industries including industrial applications and automotive.
They come from around the United States, international manufacturing hubs, and
emerging markets to conduct profitable business transactions and learn about the
innovations to streamline their operations. Rogers will be able to appeal to many of
the attendees on different levels.

For more information about the Gear Expo Keynote
Speakers, please visit:
www.gearexpo.com/keynote-speakers

Fall Technical Meeting

AGMA’s Fall Technical Meeting is a three-
day conference that covers the gear industry’s
latest research and technical developments.
Presentation topics include design, analysis,
manufacturing and application of gears, gear
drives, and related products, as well as associated
processes and procedures.
Papers will be presented in these sessions:
e Session | — Efficiency, Lubrication, Noise

and Vibration

Session Il — Manufacturing, Inspection

and Quality Control

Session Il — Application, Design and

Rating

Session IV — Materials and Heat Treat

Session V — Gear Wear and Failure

For complete information, visit:
www.agma.org/events/2017-fall-technical-meeting

Gear Expo Education Classes

Registration now open for the following classes:
¢ Basics of Gearing
October 24,8 a.m. - 5 p.m.
Why Bearings are Damaged
October 24, 1 - 4 p.m.
Taming Tooth Deflections: The Case for
Profile Modifications
October 24, 8 a.m. - noon.
Reverse Gear System Engineering
October 25, 1 -5 p.m.
High Profile Contact Ratio Gearing
October 25, 8 a.m. - noon.
Gearbox Field Inspection
October 25, 8 a.m. - noon.
How to Read and Interpret a Gear
Inspection Report
October 26, 8 a.m. - noon.
Materials Selection & Heat Treatment
of Gears
October 26, 8a.m. -5 p.m.

For complete information, visit:
www.gearexpo.com/education

AGMA has over 1,000 Twitter followers! Join the conversation @agma

1001 N. Fairfax Street | Suite 500 | Alexandria, VA 22314 | (703) 684-0211 | www.agma.org
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CALENDAR OF EVENTS

Whether you're looking for technical education, networking opportunities, or a way for your voice to be heard
in the standards process, AGMA has something to offer you. If you would like more information on any of the
following events, visit www.agma.org or send an email to events@agma.org.

Events are open to AGMA members only. Not a member? Send an email to membership@agma.org.

5 September 19 — Materials and Metallurgy Committee Meeting WebEx
0 | September 21 — Gear Accuracy Committee Meeting WebEx
E September 26 — Cutting Tools Committee Meeting WehEx
E September 27 — Sound & Vibration Committee Meeting WebEx
"(})J September 28 — Helical Gear Rating Committee — subcommittee 925 WebEx
October 3 — Nomenclature Committee Meeting WebEx
October 4-5 — Fall Marketing & Forecasting Conference Chicago, lllinois
October 4-6 — Steels for Gear Application Alexandria, Virginia
ﬁ October 10 — Plastics Gearing Committee Meeting WebEx
g October 17 — Lubrication Committee Meeting WebEx
5 October 19 — Wind Turbine Gear Committee WebEx
O | October 19-20 — Aerospace Gearing Committee Meeting Columbus, Ohio
October 22-24 — Fall Technical Meeting Columbus, Ohio
October 24-26 — Gear Expo Columbus, Ohio
October 31 — Fine-Pitch Gearing Committee Meeting WebEx
oz | November 2 — Flexible Couplings Committee Meeting WebEx
'E'é November 7 — Metallurgy and Materials Committee Meeting WebEx
E November 9 — Gear Accuracy Committee Meeting WebEx
= | November 14 — Helical Gear Rating Committee Meeting WebEx
% November 14-16 — Detailed Gear Design Dallas, Texas
November 16 — Nomenclature Committee Meeting WebEx

November 29 — Technical Division Executive Committee WebEx

AGMA LEADERSHIP

Jim Bregi: chairman Nitin Chaphalkar: oma mori usa

Doppl o
s Michael Engesser: Reishauer Corporation
John Cross: Treasurer

ASI Technologies Inc. David Long: chaimers & Kubeck Inc.
ég::_chl;lfraZIa: Chairman, BMEC Michael McKernin: circle Gear and Machine Company
Todd Praneis: chairman Toec Cory Ooyen: Giobal Gear & Machining, LLC

Cotta Transmission Company, LLC Ca” D. Rapp: The Timken Company

gg?“ogol:?l-g;w& Chelmen Exgiye Tania Sabados: Rapid Gear

Andrea Scanavini: Somaschini North America

) Greg Schulte: sonfigioli UsA
Amir Aboutaleb: vice President, Technical Division g 457

Jenny Blackford: vice President, Marketing Brian Schultz: creat Lakes Industry, Inc.
Jill Johnson: birector, Member Services George Thomas: sison Gear & Engineering Corp.

Casandra D. Blassingame: Director, Education Hastings Wyman: Klingelnberg America, Inc.

Matt Croson: president

General requests: webmaster@agmaorg | Membership questions: membership@agmaorg | Gear Expo information: gearexpo@agma.org
Technical/Standards information: tech@agma.org | AGMA Foundation: foundation@agma.org

gearsolutions.com
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MANAGER ADVANCED MODELING GROUP

TIMKENSTEEL CORPORATION

MATERIALS MODELING FOR BETTER GEAR DESIGN AND PERFORMANCE

Modeling techniques can quickly determine the best design and required steel
cleanness level based on a gear’s application and performance requirements.

PRIOR ARTICLES IN THIS SERIES HAVE
highlighted the importance of clean steels as
they relate to gear design and preventing pre-
mature component failures. Discussions on the
increased occurrence of sub-surface-originated
fatigue failures at material imperfections, inad-
equacy of current industrial standards for steel
cleanness measurement, choosing the right
material from the start in order to prevent fail-
ures, and increased demand to develop power
dense mechanical systems all highlight the need
for industrially relevant tools that can quantify
the effect of steel cleanness on component life
performance with minimal physical testing and
design iterations. As my colleague put it in the
May 2017 Materials Matter column: “From
the design perspective of the bearing and gear
engineer, the challenge is deciding how much
cleanness the application requires...”
Fortunately, advances in materials model-
ing software and computer hardware have
brought materials modeling to the forefront of
innovating the next generation of materials —
even gear steels. These tools, now commonly
referenced in the connected framework of
integrated computational materials engineer-
ing (ICME), can be used to decrease the time
and money spent designing and implementing
new steel solutions. Intensive efforts and col-
laborations are underway between national

laboratories, universities, and industry to

P

Figure 1: Traditional finite element analysis showing the
surface stress on a gear tooth during bending.
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create and apply computational
tools that can connect the nano-
and micro-scale characteristics
of materials to the typical bulk
materials specifications relating to
strength, toughness, and fatigue
performance. [1, 2]

In the case of designing steels
for successful application to power
density and light-weighting ini-
tiatives, material models become
even more powerful when used in
conjunction with refined measure-
ment methods such as automated
scanning electron microscopy or
ultrasonic inspection for inclusion
analysis. For example, a laboratory
measurement tool, such as an SEM,
is used to feed realistic inclusion
population characteristics into a
computational materials model
that calculates the effect of various
inclusions on fatigue performance.
The results provide a quantitative
measure of the impact of a par-
ticular steel cleanness on fatigue
performance, thus providing criti-
cal information to gear designers on
the allowable inclusion population
for a given gear application.

More traditional modeling efforts
focused on finite element analysis
(FEA), which is a mature method-
ology that can provide 2D or 3D
stress and strain distributions in a
component, such as those shown
in Figure 1 for the surface stress
created when bending a gear tooth.
If any material imperfections were
incorporated in these calculations
in the past, they were typically only
simplified inclusion or void shapes
due to computational limitations.

Thanks to advances in custom

Figure 2:
inclusion and the local stress state when considering; (b) just
contact loading stress, and (c) contact loading stress plus
residual stress from heat treatment.

|

Simulated images showing: (a) a complex stringer

materials modeling software, we
are now able to easily incorporate the com-
bined effects of component geometry (shape,
surface finish), material strength (alloying,
grain size), inclusion characteristics (type, size,

location, shape, stringer interaction) and stress
state (component loading conditions, residual
stress from heat treat or machining). Now,
even complex inclusions or microstructural
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heterogeneities can be captured and accounted REFERENCES

for in finite element models using tools that 1.

can mesh 2D or 3D materials data directly or
by creating synthetic microstructure features
based on representative measured data. [3, 4]

The latter method was used to generate the

stringer oxide inclusion shown in Figure 2a. 2.

Inclusion characteristics were distilled from
laboratory measurements in order to ade-
quately describe a random stringer geometry

configuration. The advantage for any further 3.

calculations is that this subsurface stringer
inclusion shown in Figure 2a is not self-aware.
The inclusion doesn’t know if it is in a gear or
a bearing, or whether its home component has
been carburized or through-hardened. It simply
interacts with the applied stress field according
to the rules of the simulation environment.
The stress field shown in Figure 2b takes into
account the stress induced from contact load-
ing, while Figure 2¢ additionally includes a
pre-existing residual stress field. The resultant,
cumulative, localized stress concentration effect
for single or repetitive loading cycles can then
be quantified using one of many calculations
or indicator parameters. [5, 6]

While the example shown is interesting, and
Figure 2 is visually appealing, the true power of
this method in particular comes from quickly
running this calculation in a highly repetitive
fashion within a structured statistical framework.
This allows us to truly connect the variability in
the inputs to the potential variability in the out
put result — fatigue performance. By taking the
results from a larger scale computational design of
experiments, you can now produce the previously
discussed relationships between steel cleanness,
torque and gear mass on fatigue performance
(July 2017 Materials Matter).

The increased need for gear materials design
support can be met by advanced materials
models used in conjunction with appropriate
measurement methods. This confluence of
past (laboratory) and present (computational)
approaches can answer the critical question at
hand: What level of steel cleanness is needed
for my gear? The potential benefit from materi-
als modeling increases the eatlier it is used in
the design process, but the approach can be
applied at any stage—whether a new, smaller
gear that requires an equivalent load to its
predecessor or an existing gear that is being
asked to carry an increased load. ¥

ABOUT THE AUTHOR: Patrick Anderson is
manager of the Advanced Modeling group at
TimkenSteel Corporation. Since 2006, he has
worked on projects related to alloy development
and advanced computer modeling of metallurgical
processes. Learn more at www.timkensteel.com.
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GAME CHANGER —
IN HEAT TREATMENT

Low Pressure Vacuum Carburizing Systems

HEAT TREAT 2017
Booth 2300 7

The latest in the range of Low
Pressure Carburizing and
Carbonitriding furnaces which uses
technologies already proven with
over 200 installations and 1,000 ICBP®
heating cells throughout the world.
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TIPS

UNDER PRESSURE

Understand the choice of pressure angle in the design of spur or helical gearing.

THE PRESSURE ANGLE OF A GEAR IS DEFINED AS THE ANGLE
formed by the radial line and the line tangent to the profile at the
pitch point. As noted in the image in Figure 1, the pressure angle is
the jump off angle of the characters.

In most cases, the pressure
angle being referenced is the
normal pressure angle, although
the transverse pressure angle and
the axial pressure angle are also
considered when working with
helical gearing.

Looking at Figure 2, the line
labeled “1” is normal to the tooth ~ Figure 1
profile; the line labeled “2” is the tangent to the reference circle; the
line labeled “3” is tangent to the profile, and the line labeled “4” is
the radial line. In this image, the normal pressure angle is labeled a.
Here a = o. Therefore, o is also the pressure angle.

A common value of 14 degrees,
30 minutes was historically used
in diametral pitch gearing. The
basis for this selection was that
this pressure angle allows for
reduced noise in the gear mesh
and exhibits a lower rate of wear.
Mechanisms that did not need to
transmit heavy power transmis-

sion were ideal for this pressure
angle. However, it was recognized
by AGMA that a 20-degree pres-
sure angle was more suited for Figure2

most applications and included this value as its preferred value for
normal pressure angle beginning in the early 1980s.

The benefits of selecting a 20-degree pressure angle include addi-
tional power transmission capacity, better lubrication in the gear
mesh, and reduced numbers of teeth for the pinion without undercut-
ting. The 20-degree pressure angle gear tooth has a wider base that
allows for additional load capacity, but it incurs additional wear on
the tooth flank during interchange of teeth in and out of mesh. For
some specialty applications where noise is not an issue but strength is,
pressure angles of 22 degrees, 30 minutes; 25 degrees; or 30 degrees
have been used.

When designing a pinion, one consideration that must be reviewed
is the relationship between the number of teeth, the gear pitch, and
the pressure angle. As each of these values decreases, the minimum

number of teeth to prevent undercutting increases. For example, a
module 1 spur gear with a 14-degree-30 minute pressure angle will
begin to exhibit undercutting if it has less than 26 teeth. However, a
module 1 spur gear with a 20-degree pressure angle would not exhibit
undercutting until it has less than 15 teeth. This is significant when
designing systems where a relatively large reduction ratio is required.
For example, if one desired to use spur gears to reduce the speed
from 1,200 rpm to 200 rpm and chose to design with 14-degree-30
minute pressure angle gears, the minimum number of teeth for the
input would be 26, and the number of teeth for the output would
be 156. These gears would have a very large footprint compared
to a 20-degree pressure angle pair that could accomplish the same
task with a combination of 16 teeth on the input and 96 teeth on
the output. If designed with the same pitch, the 20-degree pressure
angle output gear would be 38 percent smaller in diameter than the
14-degree-30-minute pressure angle gear. This would reduce both
the space requirements for the gearing as well as reduce the weight
of the gearing.

Gear racks are defined as a spur gear having a pitch radius of
infinite size. For a 14-degree-30-minute pressure angle rack and
for a 20-degree pressure angle rack, the racks both have the same
straight-sided tooth form, but the sides of the teeth are at different
angles. As such, the angle of the tooth profile and the pressure angle
for the gear rack are the same.

For helical gearing, it is important to understand the action of the
transverse pressure angle, and the axial pressure angle. The transverse
pressure angle is defined as:

fan o,

a, = tan!(. = EQUATION 1

where o, is the normal pressure angle and f is the helix angle.

For example, if you design a helical gear with a 10-degree helix
angle, a 14-degree-30-minute pressure angle, and 30 teeth, the result-
ing radial pressure angle will be 14 degrees, 42 minutes, 50 seconds.
For a 10-degree helix angle but a 20-degree normal pressure angle,
the resulting radial pressure angle will be 20 degrees, 17 minutes.
This increase in pressure angle in the radial direction is due to the
increase in the base circle. It permits an increase in power transmission
proportional to the increase in the tooth width at the root.

One requirement for all gearing is that the pressure angle must be
the same for both gears in mesh. A 20-degree pressure angle will not
mesh properly with a 14-degree-30-minute gear, even if all of the other
gear geometry is the same. For simplicity, metric spur gears as pro-
duced to JIS standards are always 20-degree pressure angle gears. §

ABOUT THE AUTHOR: Brian Dengel is general manager of KHK USA Inc, a subsidiary of Kohara Gear Industry with a 24-year history of working in the
industrial automation industry. He is skilled in assisting engineers with the selection of power-transmission components for use in industrial equipment
and automation. Dengel is a member of PTDA and designated as an intern engineer by the state of New York. He is a graduate of Hofstra University

with a Bachelor’s of Science in Structural Engineering.
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HOW PARTS CLEANING MAXIMIZES HEAT TREATMENT
The impact of proper cleaning and rinsing on part quality prior to heat-treating

D. SCOTT MACKENZIE, PH.D., FASM
SENIOR RESEARCH SCIENTIST — METALLURGY
HOUGHTON INTERNATIONAL INC.

Is critical to the surface finish and overall quality of the finished gear.

THE DEMANDS OF HEAT-TREATED GOODS
are increasing. Not only do they have to meet
property and straightness requirements, but
they also have to meet increasingly stringent
appearance specifications. It is not only impor-
tant that parts perform as expected, but they
must look good doing so. The perception is that
clean parts are quality parts. In my experience,
staining of parts and cleanliness issues is the
No. 1 problem experienced by heat treaters,
followed by distortion. Property issues are far
down the list of potential problems.
Cleanliness is a relative term. The total
process will dictate the degree of cleanliness.
For example, a part is being cleaned dur-
ing various states of manufacture to remove
chips or machinery fluids. The cleaner will
leave behind a residual rust protective film.
Although there is residual film on the part, it
is considered clean. In the case of electroplat-
ing, blackening, or enameling, the part must
be chemically clean. This is often referred to by
the term “water break free.” After cleaning, if
a part is rinsed in clear water, the water should
run down the part in a continuous unbroken
film. This indicates a water break free part.

If the film is interrupted, this indicates some
soil is remaining on the surface. Cleanliness
should be determined by the customer. During
a cleaner trial, it is good policy to allow the
customer to make the initial comments con-
cerning cleanliness. A part that may appear to
be dirty to an operator could be quite accept-
able to the final customer. Typical soils for
heat-treating processes are shown in Figure 1.

BASIC FACTORS TO CONSIDER

With few exceptions, there are certain principles
that apply to all types of cleaning. These include:

e Increased temperature usually improves
cleaning.

* Agitation to move the soil (rather than the
cleaner) improves cleaning. Agitation to move
the cleaner is important when the layer of
cleaner next to the surface has become heav-
ily contaminated with soil or has cooled off.

¢ A minimum concentration of cleaner is
needed for cleaning; above this level clean-
ing improves with increased concentration,
but each increment of cleaner has a lesser
effect than the previous. A point of dimin-
ished returns is eventually encountered.

+ NMetallic fines and
Chips

* Dirt (sand, grit,
swarf)

Machining
Debris

Straight Qils

Fully Synthetic
Semi-Synthetic
Emulsifications

« 0l
+ Sulfonates

F.tu::‘t * Emulsifications -
Inhibitors

* Animal Fats
— + Vepetable Qils —
e = Stearates
Compounds e Polymers

Rinse

Figure 1: Typical soils found on parts prior to heat treatment.
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* Adequate time must be provided for
detergency or reaction of cleaner with
soil. Otherwise, agitation or mechanical
removal effects become more important.

Rinsing away of soil and cleaner is neces-
sary and must take into consideration fac-
tors such as: The amount that can be left
behind without harm; how much cleaner
residue can be tolerated; and pressure rinse
water or an agitated rinse is far more effec-
tive than a “still” rinse.

Soil must be kept from redepositing on the

work. This might take the form of cleaner
components to suspend the soil or design of
the vessel holding the cleaner to provide room
for soil to settle to the bottom (away from the
cleaning area) or an overflow for oil to float
away from the surface of the rinse.

The general effect of process variables on
cleaning is shown in Figure 2.

There are three different scenarios for clean-
ing prior to heat treatment:
* Prior to carburizing or neutral hardening.
* Prior to vacuum processing.
* Prior to induction hardening,.

CARBURIZING AND NEUTRAL
HARDENING

The presence of various soils, such as cool-
ants, if improperly removed, can have a drastic
effect on the carburized case. If the coolant
contains significant quantities of sodium borate
or sodium tetraborate, residues of coolant can
form a low temperature glass on the surface of
the part, which effectively blocks carburizing.
Highly chlorinated oil-based coolants can result
in carbonaceous deposits forming on parts with
chlorine attacking the surface of the part.

Highly sulfurized parts can attack not only
parts, but the fumes from the breakdown of
the coolant can attack alloy within the furnace
and form low-melting temperature NiS com-
pounds at the grain boundaries of alloy. This
shortens the life of burner tubes and support-
ing alloy racks and fixtures. The formation of
nickel sulfide at grain boundaries can also lead
to catastrophic failure of burner tubes.
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It is important to properly clean parts prior
to heat treatment. As a general rule, the
organic components will burn off (but pos-
sibly leave a carbonaceous film). Inorganic
constituents will burn onto the part, creating
sites for subsequent rusting or blocking the
diffusion of carbon.

VACUUM PROCESSING

There are several factors that should be con-
sidered preparing work pieces for vacuum
heat treating or brazing. Cleanliness of the
work piece is extremely important to prevent
staining of parts or damage to parts.

These parts should be free of oil, dirt, and
other contaminants prior to austenitizing.
Compounds that contain sulfur can cause
discoloration of the part and also result in
poor braze alloy flow.

These contaminants can be either water-
based or oil-based. Different cleaners are
required for the different contaminants.
Aqueous cleaners are required for water-based
contaminants, and solvent cleaners should be
used for oil-based contaminants. Generally,
solvent-based cleaners are the first choice for
vacuum-processed parts. However, solvent-
based cleaners do not properly clean water-
based contaminants. In this case, the use of
alkaline cleaners and at least one rinse is rec-
ommended. Often, multiple rinse cycles are
required. The rinse tank should be dumped
on a regular basis to prevent re-contaminating
the part.

Parts should be inspected for contami-
nants in deep recesses or holes for entrapped
lubricants or coolants, as well as metal chips.
Tags and wire used to attach the tags should
be verified to make sure they are not of a low
melting point alloy such as aluminum.

Some materials require special cleaning
practice. Titanium and zirconium alloys
should never be cleaned in chlorinated sol-
vents such as trichloroethylene or methyl
chloride. Chlorine residues can result in stress-
corrosion-cracking (SCC) when heated to
above 280°C. These alloys should be cleaned
in non-chlorinated solvents such as acetone
or alcohol. Alkaline water-based cleaners can
also be used. Care must be taken to properly
rinse the parts. Many drawing lubricants
contain sulfur and possibly lead. Both of
these elements can attack nickel alloy surfaces
and form a low melting temperature eutectic
that will embrittle nickel alloys. Nickel-based
parts must be thoroughly cleaned and rinsed
to ensure the removal of drawing or stamping

Influence of Process Variables

Time Temperature Agitation Concentration Part Orlentation
o Increasing time * Increasing * Increasing * Increasing *  Must be adequate
increases cleaning termperature agitation increases concentration to allow cleaner to

= Allows time to increases cleaning cleaning improves cleaning reach all parts
remowve difficult = Dependent on *  Lifts deposits = Diminishing return | =  Adequate part
deposits cleaner * Increases spacing [(1T]
*  Excessive likelihood of
temperature may residual cleaner
cause rusting residue

Figure 2: Influence of process variables on proper cleaning of parts prior to heat treatment.

compounds. After cleaning, the parts must
be dried to prevent degradation of vacuum
during the process cycle.

INDUCTION HARDENING

In induction hardening, parts are heat-treated
using a strong electromagnetic field to create
eddy-currents within the part. This process
is commonly used for medium carbon steels
to form a hard case. After heat treatment,
the part is flooded with quenchant, typically
containing a polymer quenchant at some
nominal concentration. This process is often
highly automated and is in-line with machin-
ing operations. The quench tanks on many
induction machines are quite small, typically
less than 500 liters. Induction hardening is
fast and capable of processing hundreds or
thousands of parts per day.

Minor carry-over of coolant on parts to
the induction hardener is a common occur-
rence in the heat-treating shop. Coolants and
hydraulic fluids are often found on parts prior
to induction hardening. Over time, these con-
taminants build up in the quench tank, leading
to changes in cooling curve behavior. This can
contribute to cracking or inadequate proper-
ties. Figure 3 is an example of a poorly con-
trolled polymer quenchant where no washing
of parts prior to heat treatment occurs. How
can consistent properties be expected, when
the contamination of the quench bath exceeds
that of the polymer quenchant?

Proper cleaning involves not only removing
the various soils from the part but also remov-
ing any residual cleaner residue by proper
rinsing. This is a critical step and is often the
cause of many problems. One-stage washers,
with only a wash cycle, can leave a cleaner
residue on the parts. The residue must be
removed to prevent staining and attack of
parts by the residual cleaner fluid. A good
analogy would be a dishwasher full of dishes.
The soap must be rinsed off the plates so as
not to impart a chemical taste to food. Parts
must be rinsed to remove any residual cleaner

Figure 3: In use samples of polymer quenchant badly
contaminated with coolant from the prior machining operation.
A new solution would be a clear, slight amber color.

Figure 4: Rusting and caustic burn resulting from improper
cleaning and rinsing of parts prior to heat treatment.

from parts. Failure to remove cleaners during
the cleaning cycle can result in problems such
as caustic burn or rusting (Figure 4).

CLEANING CONCLUSIONS

In this brief overview, the impact of proper
cleaning and rinsing on part quality was
discussed and illustrated. The possible soils
to be cleaned from parts prior to heat treat-
ment were discussed and their impact of parts
during heat treatment was shown.

For high quality parts and parts meeting
increasing customer demands, it is imperative
that proper washing and rinsing of parts be
accomplished. Your local cleaner representa-
tive can help you identify improvements to
your process. §

ABOUT THE AUTHOR: D. Scott MacKenzie, Ph.D., FASM, is a senior research scientist of metallurgy at Houghton International, Inc., a global
metalworking fluids supplier based in Valley Forge, Pennsylvania. Go online to www.houghtonintl.com.
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FIFT981 with engineered pﬁand-place type automation, Felsomat has evolved to providing a modular, turnkey
ftomated system for the manufacture of helical bevel gears. (Images courtesy: Felsomat)




With a history of engineering ingenuity
and manufacturing innovation, Felsomat has hecome
a world leader in automated gear manufacturing.

By Kenneth Carter | Editor | Gear Solutions

FELSOMAT’'S MISSION STATEMENT, “BETTER
products with intelligent solutions,” has guided the com-
pany to being a world leader in the automated manufac-
turing of transmission gears. Beginning in 1981 with
engineered pick-and-place type automation, Felsomat
has evolved to providing a modular, turnkey automated
system for the manufacture of helical bevel gears.

“From its inception, management has always sought to
develop engineered solutions for optimum speed and cost
efficiencies,” said Blake Consdorf, president and CEO.
“They continually seek to understand the customers’
primary manufacturing challenge and address it with
value-added machine tools and automation.”

Richard Gilchrist, Felsomat-USA chairman, echoed
that innovation continues to be the key to the company’s
almost four decades of success.

“I think that’s a theme that runs throughout the
company,” he said. “And in fact, internally we say that
Felsomat is powered by innovation. Very innovative
thinking is what we do.”

EXPANSION BEGINS

In the last decade, innovation at Felsomat has ramped
up a steep curve.

“Up until about 2005, Felsomat was really what we’d
call an automation company,” Consdorf said. “But in
2005, our expanded product offering also included its
first machine tool — a flexible turning machine. In
2007, we continued to expand and introduced the first
hobbing machine, migrating Felsomat from being only
a robotics company into a machine tool builder with a
solution for automated gear production including tooling
and fixturing. This move positioned Felsomat to expand
into our Flexline automated system.”

MODULAR LINE

The 2010 acquisition of Felsomat by Reischauer spurred
the advancement of Felsomat’s Flexline concept.

Consdorf said Reishauer is recognized worldwide for
hard-gear finishing, typically the last process in the gear-
manufacturing process. This led Felsomat to re-think all
the required processes in front of that and engineering
the Flexline system that takes a blank all the way through
to a finished gear.

According to Gilchrist, the Flexline is ideal for address-
ing the changing market conditions facing today’s major
automobile manufactures.

“Years ago, automotive companies would have dedi-
cated manufacturing lines,” he said. “Advances in trans-
missions and the required gears were nominal so that
these lines were rarely outdated.”

Today, with all the variations on engines and transmis-
sions, manufacturers can use the same equipment, but it
requires continued change-over to meet the expanding
transmission demands for greater on-road performance
and fuel efficiency, according to Gilchrist.

The innovative design of the Flexline focuses on
improved cycle times throughout the entire process.

Consdorf said Flexline’s modular concept incorporates
stand-alone machines for turning, hobbing, welding,
honing, and then finishing with Reishauer gear grinding,
all connected by Felsomat’s automation expertise. All
Flexline components include some innovative work-han-
dling technology. Grippers and fixtures on the machines
feature trigger-operated quick-change devices without
requiring the use of wrenches or special tools. The result-
ing part changeover requires only seconds.

WIDE RANGE OF PRODUCTS
The Flexline begins with its FTC module configured

in either single or dual spindles for green, hard turning,.
Initial cutting time of the blank is reduced with chip-to-
chip cycles being some of the fastest in the industry. The
turned blanks are transferred to the hobbing machines.
This multi-process technology eliminates the need for
additional machines by combining both roughing and
finishing of the gear profile as well as the chamfering and
deburring of the tooth flanks. Next, with the integration
of the assembly and laser-welding in the manufacturing
process, all radial or axial welding processes for idler gears
are done in-line.

A Felsomat turning machine.
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The Felsomat Flexline.

Integrating the heat-treating process into the chip cutting provides
the continuous flow production. With the in-line unit, the work pieces
are placed in single layers on the heat-treatment racks, eliminating
the usual high volume, off-line batches of a conventional process.
The result is fast and consistent heat treatment in all process steps,
which guarantees a repeatable result at the lowest distortion possible.

After the heat treatment, all functional surfaces of the gear, includ-
ing tooth flanks, require a fine finishing to achieve the optimum
functionality of the work piece. Once again, a dual spindle turning
unit enables rapid machining time in tandem with the load and
unload function. The final step features the continuous generating
gear grinding process of a Reishauer RZ160. This dual spindle unit,
again, results in rapid cycle times while achieving optimum precision
of the finished gear.

The other key benefit Felsomat offers with the Flexline concept
is a true understanding of the manufacturing process from start to
finish. In addition to providing the machine tools and automation,
Felsomat also de-couples all of the machining processes, which
leads to higher efficiencies, lower costs, and planned maintenance
and down time.

The Flexline also delivers an extremely small footprint compared to
using stand-alone or machine cells typically required to perform all
these diverse processes. The inherent benefits to gear manufacturers
is less square footage required for new plant development as well as
reduced labor, energy, and consumable expense.

“The total cost of ownership compared to other options is some-
thing we stress and put forward as a unique major benefit for com-
panies considering Flexline,” Consdorf said.

A FOCUS ON CUSTOMERS

Consdorf said Felsomat’s approach to customers was far more than
merely transactional.

“By selling a complete manufacturing solution as opposed to sim-
ply a machine tool, we focus on all the factors that might impact a
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customer’s ability to produce gears efficiently and profitably,” he said.

Gilchrist added that sometimes a customer might be thinking of
a system based on what they have already experienced.

“Our job is often to get potential customers to think out of the
box,” he said. “Part of Felsomat’s innovation requires them to re-
think what they may already know about gear production. That’s not
always easy, but when they hit an ‘ah-ha” moment, we can roll up our
sleeves and really start showing them how we can make a difference
in their future operation.”

“I know it’s often over used, but we make a concerted effort to be
a partner to our customers,” Consdorf said. “When they allow us to
transcend being just a machine tool vendor and allow us to provide
consultative input based on their individual requirements combined
with what we've seen from our installed base, we can make a real
contribution to their bottom line.”

FUTURE ENDEAVORS

With machines in North America, Europe and Asia, the numbers
show Felsomat’s outside-the-box thinking is working.

“In total, we’ve got over 7,500 automation cells in production world-
wide today,” Consdorf said. “We have 500-plus turning machines
and 350-plus hobbing machines. And now with the innovation of
the flexible laser welding system and our relationship with Reishauer,
we have nearly 50 cells in production worldwide.”

While the Flexline has enabled Felsomat to approach the big auto-
motive companies such as Ford, GM, and Chrysler with the ability
to not only automate their processes, but machine gears from start to
finish in a modular line, Consdorfand Gilchrist said they are looking
to the future. They cited the rapid advancement to electric cars and
self-driving vehicles as an area of opportunity. Outside of the gear
industry, Felsomat has started to manufacture crankshafts, camshafts,
and valve bodies, while exploring other high-volume markets where
Felsomat innovations can provide manufacturers with significant
competitive advantages. ¥
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Detailed information about the process and load directly on the operating unit. (Images courtesy: Klingelnberg GmbH)




Harnessing Drive Data
for Smart Process Design

Graphical support for process optimization in bevel gear cutting leads
to increased machine performance and longer cutting tool life.

By Dipl.-Ing. Karl-Martin Ribbeck

OPTIMAL INTERPLAY BETWEEN INNOVATIVE GEAR
cutting tools and powerful bevel gear cutting machines
results in highly productive cutting processes with
extremely high, reproducible gear quality. According to
Klingelnberg, the gear cutting process itself can be seen
as the link between the two elements.

Increased competition and the pressure that goes along
with it — particularly in the automotive industry —
call for new and cost-effective production processes to
meet growing quality requirements. This also affects
the machining of bevel gear teeth to a significant degree,
which is why it is essential to exploit the full potential of
all components involved in the process: The key is to uti-
lize the machine performance and the tools that are used
to their full potential, thereby reducing the cycle time.

Bevel gear cutting is characterized by continuously
varying cutting conditions, meaning that “simple” feed
regulation-based spindle utilization alone, and without
sufficient analysis or knowledge of the process sequenc-
es, is far from optimal. Thanks to the ongoing develop-
ment of the Klingelnberg machine operating software,
users can now gain insights into the process sequence.
The company’s Smart Process Control software module
allows technicians to plot the machine utilization and
allocate it to the respective process sequences in an initial
step. In a second step, the machine response to process
changes can be precisely analyzed and tracked. This
creates a new basis on which to enable highly productive
gear-cutting processes.

PROCESS CHALLENGES

Criteria that make for an optimal bevel gear tooth cut-

ting process:

* The component quality corresponds exactly to the
requirements.

* Machining time is minimized.

* The gear cutting tool can be used for as long as possible.

* Primary benefits include reduced machine and
tool costs.

This is a very simple checklist at first glance. However,
when it comes to streamlining the bevel gear cutting pro-
cess, conflicts arise between the objective and the technical
implementation. Anyone wishing to improve the process
has two objectives clearly in mind: higher productivity and
improved process reliability aimed at meeting the strict
requirements for geometric component accuracy (pitch and
topography) in a reproducible and reliable manner without
compromising the surface quality of the tooth flank, which

acts as a measurement surface. This elevated productivity
requires an increase in the machining parameters, though,
and this is exactly where the conflict lies, since increased
machining parameters have a tendency to worsen the wear
behavior of the tools. This in turn heightens the risk of
damaging the flank surface due to surface defects such as
scratches or even welding marks — scenarios that must be
avoided at all costs.

PROCESS DESIGN LIMITS

The options for optimizing a bevel gear cutting process
are limited by various factors, the first being the compo-
nent type and the different process characteristics associ-
ated with it. For non-generated components (ring gears
only), it is the wear on the tool. For generated components
(always pinions but often ring gears as well), it is often
the formation of surface defects that sets the limit. The
bevel gear cutting machine, on the other hand, usually
plays a subordinate role.

TECHNICAL SUPPORT

The control units in modern CNC machines allow the
precise recording of signals. This makes it possible to col-
lect and store various types of information at any given
point in a process. The technician’s task is to identify
which key criteria should be used to define a process as
optimal. Whereas the “machining time” criterion is easy
to read off at the end of the process, the “flank surface
damage due to surface defects” criterion is more difficult
to assess and evaluate. This is because the wear on a tool
changes throughout its service life, and material batch
influences also play a part. The most difficult criterion to
evaluate is tool load and the resulting cutting edge wear.

Contrary to many other machining processes, the
contact situation of the tool cutting edges changes con-
tinually during the process sequence in the bevel gear
cutting process. The load on the cutting machine also
varies accordingly. The special feature of this process is
that the resulting tool wear that occurs varies in appear-
ance along the entire cutting edge because of the local
loads. If a technician wishes to use information from the
machine control unit as a basis for evaluating local tool
wear, the only way to do this is by taking into account
the cutting edge length involved in the cutting process.

MAXIMIZING PERFORMANCE

Recording the utilization of the tool spindle helps with opti-
mization as well as the monitoring of the process sequences.
In bevel gear machining, the processes are defined by
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interpolation points from the work-
ing position and feed rate. Varying
these parameters brings about a
change to the tool spindle utili-
zation. The Klingelnberg Smart
Process Control software, which
is directly available to the user on

the machine, makes it possible to
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PRACTICAL APPLICATION

Bevel gear teeth are typically manu-

factured in a multiple-step process. For most components, the tooth profile
is generated by means of a rolling motion of the gear cutting machine.
After the initial plunging process and subsequent roughing-generating,
finishing-generating is the final step in the bevel gear tooth cutting process.
Figure 1 shows the plotted utilization curve (in blue) of the tool spindle
used in this type of finishing-generating process. Since the example deals
with a gear set that obtains its final quality by means of lapping after heat
treatment, the main focus during machining is on component accuracy.
The process to be optimized (see Figure 1) starts with a plunging operation
(I) at a lambda working position of approximately 312°. Once the tool has
reached its working depth, it generates an initial area of the tooth flank
(roughing-generating, II from lambda 312° to 321°). After a short infeed
(I1I), the gear teeth are finish-generated at the tool utilization shown (WA
[%]). The tool starts the finishing-generating (IV) at a lambda generating
angle of 321° and stops at a lambda generating angle of approximartely 301°.
When doing so, it passes through the roughing-generated area. The load
increase (or load surge) around the 312° generating angle is clearly visible.
This is the result of the transition from the roughing-generated area to
the non-generated area.

Figure 3: Tool utilization curve after optimization (blue), finishing-generation process.

A measurement of the component under observation showed
abnormalities in the flank topography that were exactly in the vicin-
ity of the load increase, i.e. at 312°. Based on this information, the
technician is able to identify the need for process modification. As
a modification, the working position of the plunging operation was
moved from lambda 312° to lambda 308° to enlarge the roughing-
generating area. An adjustment was also made at interpolation points
P1 to P4 by entering suitable chip thicknesses (SW [mm]). The result
is spindle utilization that is significantly more uniform during fin-
ishing generation, without a local load increase around the plunging
position lambda 308° and with a normal flank topography. On this
basis, it is now possible to raise the uniform load level by shifting the
interpolation points P1 to P4 at the same time, thereby achieving a
shorter machining time.

The use of the Klingelnberg Smart Process Control also makes
it possible to increase the feed rates for the plunging and roughing-
generating area in a controlled way. In total, a 7-percent reduction in
productive time was achieved in this example process, as illustrated
in Figure 2.

ABOUT THE AUTHOR: Karl-Martin Ribbeck is head of the Bevel Gear Competence Center at Klingelnberg GmbH, which is based in Hlckeswagen,

Germany. For more information, go to www.klingelnberg.com.
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AGMA/ANSI/ISO Standards
on Bevel and Hypoid Gears

An examination of how standards for bevel and hypoid gearing benefit
from the latest achievements in gearing theory.

By Stephen P. Radzevich, Ph.D., Dr. (Eng.) Sci.

THIS PAPER DEALS WITH GEARINGS THAT
operate (a) on intersected shafts and (b) on crossed
shafts. The gearings that operate on intersected shafts
are referred to as “intersected-axes gearings,” or just
“I ~gearings” for simplicity. Similarly, the gearings that
operate on crossed shafts are referred to as “crossed-axes
gearings,” also referred to as “C -gearings!.” Hypoid,
spiroid, and a few other gear systems are covered by the
terms “crossed-axes gearings.”

INTRODUCTION

The main goal of the paper is to show how the ANSI/
AGMA/ISO standards for bevel and hypoid gearing; that
is, (1], [2], [3], [4], and others can be benefited by the
latest achievements in the theory of gearing? [5]. All the
standards, including but not limited to ANSI/AGMA/
ISO standards, must provide a user with a complete and
consistent information on the subject. Often, unfortu-
nately, this is not observed.

As an example, the principal features of the determi-
nation and inspection of the design parameters of a gear
and a mating pinion that directly affect the gear mesh
efficiency are considered in this paper. In particular: (a)
the geometrical dimensioning and tolerancing; (b) the
contact pattern; (c) the mounting distance, and (d) the
backlash in 7 -gearing, as well as in C -gearing, are
discussed as examples.

As is well known, the “kinematics” and the “geometry”
of a gear and a mating pinion tooth flanks are investigated
in the theory of gearing. Therefore, only the kinematics of
a gear pair and the geometry of the gear and the mating
pinion tooth flanks are covered in this paper. However, it
should be noted that use of the approach developed in the
theory of gearing enables one to solve numerous problems
in the field of gear dynamics, transmitted power density,
noise excitation and vibration generation in a gear pair,
calculating of the tolerances for the design parameters of a
gear pair, and so forth.

It is shown that the theory of gearing could be a pow-
erful tool to improve ANSI/AGMA/ISO standards [1],
(2], [3], [4], and others. Some inconsistencies in ANSI/
AGMA/ISO standards are discussed as the examples. The
geometrical dimensioning and tolerancing, the contact
pattern, the mounting distance, and the backlash are
among them. A more detailed discussion of these issues
would take a far lengthier paper. It makes sense to begin
the discussion on bevel and hypoid gearing with an
analysis of the recommended [1], [2], [3], [4], geometrical
dimensioning.

GEOMETRICAL DIMENSIONING

The set of the geometrical dimensions recommended for
bevel gearing by ANSI/AGMA/ISO standards ([1] in par-
ticular), is shown in Figure 1. All the geometrical dimensions
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shown in Figure 1, and those not
shown here, can be subdivided into
two groups; that is, the geometrical
A Back awle . . .
B Pk ore s dimensions that directly affect the
C  Back cone detar conditions of the gear teeth engage-
0 Chaaranos . .
E Coomnrs it ment, and those indirectly affected
F Crownioback by the conditions of the gear teeth
G Desdindur Arghe > .
W Facesngle engagement. Let’s take a brief look
1 Faosong
Facs wictt at the terminology and geometri-
4 Firant anghs . . .
kMoo oo distane cal dimensioning recommended by
L Midface ANSI/AGMA/ISO standards ([1]
M Mounting dstarce . .
M Cuter cone distance in particular).
‘; (p';’“:" diarmates The set of the recommended
eh ange . . . .
O Pheh o apos geometrical dimensions3 illustrat-
R Pheh cond apax b5 cioan ed in Figure 1 is far from being
£ Pich dlameier i . .
T Rootangle aligned with the best practice for
Y Shaliengs national and international stan-
W Equwvalert pich iadius
dards on design dimensioning. An
excessive plurality of datum sur-
faces (and sometimes the physical

Figure 1: A set of the geometrical dimensions for bevel and hypoid gearings recommended by ANSI/

AGMA 2005-D03 standard [1].

absence of the datum surfaces) is
the main reason for that.
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For example, the back cone and the back
face are used as the datum surfaces for the
specification of the back angle, A. The back
cone angle, B, is specified as the apex angle
of the back cone. The back cone distance,
C, is specified as a distance between the back
cone apex (the back cone apex physically does
not exist) and the pitch cone that physically
also does not exist, and so forth.

Importance (and usefulness) of the items
such as the crown point, £, is at least doubt-
ful, as this datum element of poor quality.
The geometrical dimension shown in Figure
1 and labeled as M is not a mounting distance
at all, as the mounting distance cannot be
specified in terms of the location of point M
outside of the gear tooth flank (see following
section on Contact Patterning).

An alternative set of the geometrical
dimensions is illustrated in Figure 2. This
set of geometrical dimensions is sufficient for
both the gear production as well as for the
gear inspection. The gear common reference
surface and the gear bore are used as the main
set of datum surfaces for the gear. Similarly,
the pinion common reference surface and the
pinion bore are used as the main set of datum
surfaces for the pinion4. All the geometrical
dimensions that directly affect the condition
of meshing are required to be specified with
respect to the corresponding set of the main
datum. The rest of the design parameters are
also to be associated with the corresponding
set of the main datum. Because of this, the
geometrical dimensioning of a bevel gear
pair in Figure 2 are advantageous over those
in Figure 1.

Again, an excessive plurality of datum sur-
faces (and sometimes the physical absence of
the datum surfaces) have to be eliminated in
all possible ways. In the best-case scenario,
only main sets of the datum surfaces of a
gear and a mating pinion are used to specify
all the geometrical dimensions of a gear, of a
pinion, and of the gear pair.

Next, ANSI/AGMA/ISO standards ([1]
in particular) refers to the so-called “mean
section” as illustrated in Figure 3. Bevel and
hypoid gearings only of poor quality can
be analyzed in the mean section. Moreover,
many of the design parameters — such as
the (a) addendum, (b) dedendum, (c) circular
pitch, (d) circular thickness, () clearance, (f)
whole depth, (g) backlash, and (h) working
depth — are considered as linear dimensions
[1]. All of these design parameters are angu-
lar values in nature [5]. The common vertex
of all of these angles coincides with the base
cone apex of the gear (of the mating pinion)

[5]. The angular design parameters (a), (b),
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Figure 2: An alternative set of the geometrical dimensions for bevel and hypoid gearings.
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Figure 3: Bevel gear nomenclature in the mean section of Figure 1.

(e), (), and (h) are specified in a section of
a gear or a pinion by a plane through the
centerline. The angular design parameters

(c) and (d) are specified in the pitch plane,

PP, of a gear pair. Finally, the angular design
parameter (g) — that is, the backlash — is
specified within the pitch plane, PP, of a
gear pair.
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Figure 4: Hypoid nomenclature as recommended by ANSI/AGMA 2005-D03 standards [1].

Other design parameters of a bevel/hyp-
oid gear, such as (i) chordal addendum
and (ii) chordal thickness, also need to
be construed as the corresponding “angu-
lar” design parameters having the gear/
pinion vertex as the common vertex [5].
It is wrong practice to try to express the
design parameters of a bevel/hypoid gear
in terms of “pitch circle” and “equivalent
radius.” All correctly engineered bevel and
hypoid gearings need being considered only
in 3D space, and not in equivalent plane
sections as in [5].

Finally, not the “pitch point” but the “pitch
line” (or the “axis of instant rotation, Pj,” —
preferred), instead has to be considered in all
I ~gearings, as well as in all C ~gearings [5].
In C ~gearings (Figure 4), the design param-
eters of a gear, of a mating pinion, and of a
gear pair fall in three groups.

The design parameters of a gear pair that
directly affect the conditions of meshing of
the interacting tooth flanks of a gear and
of a pinion. They are as follows: the shaft
angle, H; the pinion offset, M; the mounting
distance, V; and the pitch angle, P [5]. The
actual values of the tolerances for all of these
design parameters of a gear pair must be very
tight. All of them have to be calculated (and
not just set) in terms of permissible variation
in shape, size, and configuration of the desir-
able contact pattern. It should be stressed here
that the pitch cone angle, P, can be expressed
in terms of shaft angle, H; pinion offset, M;
and gear ratio of the gear pair.

The design parameters of a gear pair
that directly do not affect the conditions
of meshing of the interacting tooth flanks
of a gear and of a pinion. They are as fol-
lows: the face apex beyond crossing point, A
; the root apex beyond crossing point, B; the
crown to crossing point, D; the front crown
to crossing point, F; the outside diameter, F
; the pitch diameter, G; the root angle, /; the
face angle of blank, K the face width, Z; and
the outer cone distance, R. The tolerances for
all of these design parameters of a gear pair
are not as tight as for the first group of design
parameters of a gear pair.

The incorrect design parameters of a
gear pair. This is the “pitch apex beyond cross-
ing point, C.” In correctly engineered C -gear-
ings this distance must be of a zero value [5].

The set of the design parameters of a C,
gear pair shown in Figure 4 also can be
“cleaned up” similar to that in Figures 1 and
2. No numerical values for geometrical toler-
ances are recommended by ANSI/AGMA/
ISO standards for the design parameters of
a gear, a pinion, and the entire gear pair;
those directly affect conditions of meshing
of the gear and the pinion. The discussion
on geometrical dimensioning and toleranc-
ing of bevel and hypoid gearings is briefly
summarized here:

The geometrical dimensioning of a bevel
gear pair shown in Figure 1 is inconsistent
as the principle of common datum surfaces
is violated; that is, too many datum surfaces
are used in Figure 1.

VANUENGIURING
v UL

Theln'mce of Manufacturing - Globally

BREAKING MANUFACTURING
NEWS, TRENDS AND INSIGHT
LIVE EVERY TUESDAY AT 1PM EST

MFGTALKRADIO.COM
PODCAST ARCHIVED

SEAMLESS
ROLLED
RINGS

JPEN.DIE FORGED ané‘
ey )

ALL PARTS ROUGH
MACHINED
100% UT TESTED

108" MAX 0.D.
6" MIN 0.D.
UP T0 55,000 LBS

153001:2008 / AS3100C

All Melals &
Foige Group

STEELFORGE.COM

800.600.9280
373.276.5000

SEPTEMBER 2017 47



http://mfgtalkradio.com
http://steelforge.com

The geometrical dimensioning of that same gear pair proposed
in Figure 2 strictly follows the principle of common datum surfaces
— the bore and the common reference surface in a gear (as well as
in a pinion) are used for the purposes of geometrical dimensioning
of the gear pair.

The geometrical dimension labeled as M shown in Figure 1 is not
a mounting distance at all.

It is of critical importance to stress here that the base pitch, which is
a design parameter No. 1 in gearings of all types, is missed in ANSI/
AGMA/ISO standards for bevel and hypoid gearing. Neither base
pitch of a bevel/hypoid gear, ¢, ,, nor base pitch of its mating pinion,
¢ 4. > nor the operating base pitch, ¢4, ., of a gear pair are specified
by KNSI/AGMA/ ISO standards. Equality of the angular base pitches
¢y ¢= ¢y op and ¢, " $yp o .is vit-al for: (a) th.e reduction.of noise
excitation; (b) the reduction of vibration generation; (c) an increase
of power density, and so forth [7], [8], [9], [10], [11], [12], [13]. This
considerable mistake in ANSI/AGMA/ISO standards for bevel and
hypoid gearing needs to be fixed (the sooner, the better).

A more detailed discussion on geometrical dimensioning and
tolerancing of bevel and hypoid gearings is desirable, aiming at the
elimination of all possible inconsistencies. Correct dimensioning and
tolerancing is a “must” in the design and production of high quality
bevel and hypoid gears.

Conclusion: In intersected-axes, as well as in crossed-axes gear-

ings, drawings for a gear, for a mating pinion, and for a gear pair
must be properly dimensioned. The principle of common reference
surfaces is a must to follow when dimensioning the components of
a gear pair. Out-of-date terms and corresponding dimensions must
be eliminated from the drawings.
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CONTACT PATTERN

Bevel and hypoid gears have to be assembled in a specific way to
ensure smooth running and a favorable load distribution between
gears. To attain this goal, a contact pattern between the interacting
tooth flanks of a gear and a mating pinion is commonly used.

The contact pattern is a critical attribute of any and all bevel/
hypoid gear design (Figure 5). Simply stated, the contact pattern
is the area in which the gear teeth come in contact as they engage
and disengage during their rotation. When a gear is installed in
a gearbox and is powering the designated application, there are
varying degrees of pressure, or load, on the gear teeth. These pres-
sures are influenced by box deflections, bearing movement and
temperature changes. When the gear teeth are subjected to these
variables, the contact pattern will change. There is a general rule
of thumb stating that the heavier the load, the larger the contact
pattern and vice versa. For a gear to perform properly under
operating load, the contact pattern must be of a certain shape
and at a certain location. Typically, an ideal tooth contact pattern
under load should encompass the bulk of the tooth surface while
avoiding any contact with the edges of the tooth flank. So far,
the contact pattern is more a “qualitative” than a “quantitative”
indicator of gear pair quality.

The permissible variation in contact pattern location, orientation,
and shape, can be used to calculate the tolerances for design param-
eters of a gear pair®. Unfortunately, in contemporary gear practice,
contact pattern is a qualitative, and not quantitative, measure of the
gear pair quality.

The discussion on contact pattern in bevel and hypoid gearings is
briefly summarized as follows:
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October 24-26, 2017
Columbus, OH
Www.gearexpo.com

Greater Columbus Convention Center
400 North High Street  (614) 827-2500

Helpful websites:
www.experiencecolumbus.com/gear-expo/

www.columbus.gov/visitors/Convention-and-Visitors-Bureau/

Columbus ready to show off
for Gear Expo attendees

Gear Expo, sponsored by the American Gear
Manufacturers Association (AGMA), is an exciting time
for the thousands of drive technology experts, power
transmission professionals, gear buyers, end users,
manufacturers, and engineers who come to the Expo to
make connections and check out innovations that will

* The contact pattern cannot be measured similar to that (and with improve their businesses.

a corresponding accuracy) as other design parameters of a gear
are measured, for example, as a bore diameter, a face width, a face But it can’t be all deburring, carburizing, and nitriding
angle, and so forth. all the time, right? The city of Columbus, Ohio, is more

* The measurements of the contact pattern are not reliable. than ready to meet your professional needs and entertain

e The actual misalignment in bevel/hypoid gearing cannot be you during your free time. Promise, you won't go hungry,
expressed in terms of the actual geometry and configuration of thirsty, or get bored while you're in town.
the contact pattern.

* Efforts of the gear experts must be focused toward searching pos- The newly renovated Convention Center is in the middle of a
sible ways to express the bevel/hypoid gears misalignment in terms vibrant downtown neighborhood among a wealth of cultural,
of geometry, size, and configuration of the contact pattern. culinary, sports, and entertainment attractions. Columbus’

amazing food scene features top-ranked chefs, a rich farm-

Instead of the contact pattern analysis, the teeth flank geometry to-table movement, one-of-a-kind restaurants, and creative

along with the actual value of the mounting distance should be artisan desserts, beers, wines, and spirits. The Columbus

measured. No contact pattern analysis is necessary if a bevel/hypoid Museum of Art added a new wing, and the Scioto Mile adds
gear is machined and assembled according to the properly designed 33 acres of park land in the heart of downtown.

blueprint. A more detailed discussion of the contact pattern in bevel

and hypoid gearings is desirable. Taxis and Uber drivers are easily accessible. The CBUS,
Conclusion: This is an out-of-date practice to use contact pattern a free downtown circulator, makes it easy to get around

as a tool to improve the accuracy of gears for intersected-axes, and from the Short North Arts District to the Brewery District.

crossed-axes gear pairs. Instead, the teeth flanks geometry, and the

mounting distance have to be properly specified and inspected. These After you've quenched yourself with hours of technical

can be done on the basis of a broader application of the results the talk, immerse yourself in the vibrancy of Columbus, Ohio.

theory of gearing returns. Use of the lapping process, pairing of bevel

Figure 5: An example of acceptable shape and configuration of contact pattern under
a low load.

and hypoid gears, nowadays practice for the calculation of mounting
distance, and tolerance for the mounting distance, reveal the lack of
knowledge in the scientific theory of gearing.

MOUNTING DISTANCE

Mounting distance is a vital design parameter for intersected-axes

gearings (that is, for bevel gearings), as well as for crossed-axes gear-

ings (that is, hypoid, spiroid, double-enveloping worm gearings,

and so forth). The specification, inspection, and tolerancing of the North Market is open daily, offering a range of locally
produced goods, from soft pretzels and handmade pastas
to spices and craft hot sauces and salsas. (Courtesy: Arnold
Agency/copyright John Angelo)

mounting distance is challenging to understand by practical gear
engineers as this issue is insufficiently outlined in ANSI/AGMA/ISO
standards. Numerous publications on the topic [14], [15], [16], [17],
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and many others reveal this. At the begin-
ning, let’s clarify what the term “mounting
distance” stands for.

First, and the most critical, by means of
mounting distances the location of tooth
flanks in axial direction of a gear and a mat-
ing pinion are specified in relation to the
centerlines in the gear housing. Apex point
of a tooth flank of both, of the gear, Az, and
the pinion, Az, must coincide eithér with
the point of intersection of the centerlines in
the gear housing (for /,-gearings), or with
the “pitch plane”/“plane of action” apex (for
C,~gearings) [5]. The pitch plane apex is
commonly designated as A , and the plane

fD designated as
Ay, These two condltlons can be expressed

of action apex is common

as follows: Ajfg =4y, = pzz and Af‘b =
Ap =A
é)econd the pitch cone apex of a gear, Ag,

(and of a mating pinion, 4,) must coincide
with the apex point of a tooth flank of both,
A]fg’ and the pinion, Ag. These
two conditions can be expressed as follows:

= and A, = A

gThlrcff the bas]cf: cone apex of a gear, Ay,

(and of a mating pinion, A,) must coincide
with the apex point of a tooth flank of both,
A]fg’ and the pinion, Ag. These
two conditions can be expressed as follows:
A&Ig =A andAbp = Aﬁ

ourth there are two outer cones. One of
them is for the gear and another one is for

of the gear,

of the gear,

the mating pinion. There are also two root
cones. Again, one of them is for the gear
and another one is for the mating pinion.
Neither outer cones nor root cones directly
affect the actual value of the mounting dis-
tance. However, these cones need to be
mentioned here as in current practice outer
cones are commonly used when determining
the mounting distance.

In a precision gear pair, it is recommended
to inspect the mounting distance at nominal
operating load and the preloaded bearings.

The plurality of the apexes is confus-
ing and results in misunderstanding of the
terms “mounting distance” in acting ANSI/
AGMA/ISO standards. To make things
clear, it is necessary to outline to the best
possible extent what the term “mounting
distance” stands for. As an example, con-
sider tooth flank of a straight bevel gear® as
illustrated in Figure 6. The tooth flank of
the gear, G, can be construed as a family of
straight lines through each point of the gear
tooth profile and the gear tooth flank apex,

f (the gear tooth flank apex, 4

equlvalent to the gear base cone apex, A,).

is an

Only the gear tooth flank apex, Afg should
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Generating
straight lines

Outer cone of
the gear

Outer cone of
the gear

Figure 7: “Crown” in intersected-axes and crossed-axes gearings. Note on rough surface of the outer cone of the
gear; this rough surface is used to specify the crown, E; that is, it is used to specify the crown to back, £, and

ultimately the mounting distance, M.

be used for the specification and inspection
of the mounting distance, M. Commonly,
the outer cone apex of the gear, 4,, 1, is
inward in relation to the gear tooth flank
apex, as shown for the straight generat-
ing line%’ in Figure 6. However, this is not a
must as the gear outer cone apex, A4, ¢.2> €an
be located either outward, or the gear outer
cone apex, Ao 3, can be located inward in

relation to the apex A as it is illustrated

0g.1>
in Figure 6 for the straight generating lines
2 and 3 of the outer cone of the gear. The

actual location of the gear outer cone apex

(either Aog.l’ 3) does not
affect the conditions of meshing of the gear,
G, and the pinion, P, tooth flanks. The
conditions of meshing of the gear, G, and
the pinion, P, tooth flanks depend only of
the actual location of the gear/pinion tooth
flanks apex, Ag,. Therefore, the tolerance
for the mounting distance (the mounting

or Aog.Z’ or Ao

distance is measured in relation to the gear
tooth flank apex, A]%) is tight, while the
configuration of theapex of the outer cone
of the gear, Aog’

specified tolerance.

is a free dimension with no
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Figure 8: Measurements recommended in [15] for mounting both overhung and straddle-mounted bevel gears in a

typical gearhox.

Depending on the accuracy of the set up
parameters when cutting straight bevel gears,
the axial position of the tooth flank, G, can
be changed. After being assembled, the gear
tooth flank apex, A
with the centerlines in the gearbox housing.

must be coincident

Therefore, the mounting distance of a gear is
the distance from the gear tooth flank apex,
A

gear. A similar definition is valid with respect

to the common reference surface of the

to the mounting distance of a pinion. In real-
ity, as it is recommended by ANSI/AGMA/
ISO standards, the mounting distance is
specified differently from the preceding.

As it is shown in Figure 2, two dimensions
— that s, the crown to back, F, and the pitch
cone apex to crown, R — are used to specify
the mounting distance, M. The crown is used
to specify both the dimensions. It is right to
point out here that a crown is not a reliable
datum for the inspection of the mounting
distance. Taking into account that tolerance
for the mounting distance is very tight, it is
nonsense to use the crown for precision mea-
surements. This is the first issue that makes
the crown inappropriate datum for such an
inspection.

Then, the crown is not geometrically
associated with the gear tooth flank, G. An
analysis of Figure 7 reveals that, depending
on the accuracy of the set up parameters when
machining straight bevel gears, the axial posi-
tion of the tooth flank, G, and the gear tooth
flank apex, A, can be variable.

A bevel/hypoid gear tooth flank must be
correctly specified in relation to the com-
mon reference surface. For this purpose an
arbitrary point, m, either within the tooth
flank or within extension of this surface can

be used. The tooth flank apex, 4 g(Figure 6),

is convenient to be used for this purpose. It

is incorrect practice to use the wedge, £, and
the dimension, F (Figure 7), to specify the
mounting distance in bevel/hypoid gearing

as shown in Figure 1.

With that said, it is the right point to pro-
ceed with a discussion of a nowadays practice
to specify and inspect the mounting distance
in intersected-axes, and in crossed-axes gear-
ing. The current practice is outlined in [15]
and is illustrated in Figure 8. The procedure
for assembling the bevel gears in this gearbox
by the measurement method is as follows [15]:
1. On the housing, measure the distance

from locating surface to bore centerline
in both horizontal and vertical directions
(HMD and VMD).

2. Record the gear and pinion mounting
distances (MDG and MDP);

3. Measure the gear and pinion thicknesses
(WG and WP).

4. Assemble the gears into their subassem-
blies.

5. Measure the length that controls gear
position in each subassembly (MAG and
MAP).

6. Calculate the distance from shim mount-
ing surface to crossing point for each sub-
assembly (MDV and MDH): MDV = M
DG—MG+ MAGandMDH = MDP—
Mp+ MAp correspondingly (Figure 8)
[15].

7. Calculate the required shim thicknesses and
assemble the gearbox with shims in place.

Items No. 1 through No. 5 are correct. In
the item #6, when calculating the dimension

MDYV, the actual, MD¢; actial and not the
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nominal, M DG, value of the mounting distance must be entered into
the equation for the calculating of MDV. Sim
the dimension MDH, the actual, MDp actu,
MD p, value of the mounting distance must be entered into the equa-
tion for the calculating of MDH.

Neither the dimension M DG’ nor the dimension M Dp can be
measured as the gear tooth flank apex, 4

aflarly, when calculating
, and not the nominal,

(as well as the pinion tooth
”f?he pitch cone apexes A, A,,
and base cone apexes Ay, A bp also do not exist physically. Therefore,
the use of the gear tooth ﬁank G, (and the pinion tooth flank, P) is the
ctual actual

and M D . For

this purpose, a method for inspection of the mounting distance in bevel

flank apex, Ap) does not physically exist.

only possibility to measure the dimensions M D"

and hypoid gearing is proposed by the author”. The proposed method of
inspection is based on use of a ball of a pre-specified diameter in a space
between two neighboring teeth of a gear to be inspected. A prescribed
point of contact, 7, (see Figure 3) is located reasonably close to the mid
of the face-width gear, and to the line of intersection of the gear tooth
flank by the pitch cone. It is assumed that the rest of the gear tooth flank
deviations either are zero, or are known and can be incorporated in the
procedure of the calculations.

For a specified point 7 within a gear tooth flank the dimension
M*

actua actua.
with its nominal value, M". In this way a decision can be made on

| is measured. The measured distance M * .| is compared

whether or not the actual dimension M *, |

Item No. 7 is useless. No shimming is necessary if the gears are

o1 is within the tolerance.

machined to properly calculated tolerances. It is no longer required
to machine gears and pinions in sets, and gears and pinions can
be assembled with no regards of the sets, that is, no gear pairing is
required if the gears are machined to the correctly calculated toler-

ances. Therefore, if engineered properly, it is possible to manufacture
all gears to the nominal mounting distance specified on the drawing
with no additional cost. Under such a scenario, no pairing in bevel/
hypoid gearing is required, and the gears can be engaged in a cor-
rect mesh with any bevel/hypoid pinion if both of them are correctly
engineered and manufactured. Moreover, if one gear in a set fails, the
entire set should not be replaced, but only the failed gear is required
to be replaced.

Because of dimensional variations between parts, each gear will
have a unique value for the mounting distance [16]. For the mount-
ing distance, it is common to set a tolerance of + 0.05 mm up to
+ 0.1 mm [16]. For correctly engineered bevel and hypoid gears, the
tolerance for mounting distance must not be set but, instead, it must
be calculated and must be expressed in terms of the permissible varia-
tion in contact pattern location, orientation, and shape. No methods
to calculate the tolerances for the mounting distance are available in
the public domain. No methods to verify whether or not the actual
errors for the mounting distance are within the corresponding toler-
ance are available in the public domain.

The discussion on mounting distance in 7 -

a
bevel and hypoid gearings is briefly summarized as follows:

and C,-gearings in

In the current practice of bevel/hypoid gear production and
application, there are no means to ensure whether or not the actual
value of the mounting distance is within a specified tolerance for
this dimension.

An actual geometry and configuration of the contact pattern is an
evidence that the mounting distance is of a reasonable value, but no
one can guarantee that the actual value of the mounting distance is
not out the specified tolerance.
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An incorrect mounting distance is not the only reason for a shift of the contact pattern.
Even if the mounting distance is within the tolerance, an unfavorable contact pattern can be
observed because of: (a) the deviations of the actual tooth flank geometry from it desirable
geometry; (b) the gears are designed and cut as approximate gears (even ground bevel and
hypoid gears are not perfect, that is, they are not geometrically accurate), and; (c) distortions
after heat treatment (especially for a gear).

Direct measurements of the mounting distance® are necessary. This can be done, for
example, by means of laser scanning of the machined tooth flank, and creating on premise
of that a CAD model of the actual tooth flanks. Comparison of two CAD models, that is, of
the desirable and of the actual tooth flanks returns an exact number of the mounting distance
in a machined bevel/hypoid gear. Simpler methods and means for the direct inspection of
the actual mounting distance in bevel/hypoid gearings can be proposed.

No reliable methods for the calculation of the tolerances for the mounting distance
in bevel/hypoid gearings are known. This particular problem needs to be addressed.
A more detailed discussion on mounting distance in /- and C,-gearings in bevel and
hypoid gearings follows:

Conclusion: Reliable methods to inspect the mounting distance can be developed on the
premise of the results derived from the theory of gearing. A correct alignment (snapping of
the base/pitch cone apexes in cases of /,-gearings, and correct configuration of the base/
pitch cone apexes in cases of C,-gearings) depends on the mounting distance of both; that
is, of a gear and its mating pinion. Therefore, shimming in/out of the gear/pinion is an
obsolete practice. Tolerances for the mounting distance neither of a gear, nor of its mating
pinion cannot be properly calculated/inspected in the contemporary production of gears.

BACKLASH

Bevel and hypoid gears are designed and manufactured to provide a specific amount of
backlash. That is, the space between mating gear teeth or the difference in width of the
gear tooth and pinion tooth of the mating gear to let the gears mesh without binding and
to provide space for a film of lubricating oil between the teeth. This prevents overheating
and tooth damage. The backlash is necessary for proper operation of the gear pair.

To optimize the performance of any two bevel gears, the gears must be positioned together
so that they run smoothly without binding and/or excessive backlash. In the current practice of
gear production, unless otherwise specified, the minimum amount of total backlash of a pair of

Crown gear/pinion, G,

Px.g

Crown gear/gear, CGg

Figure 9: On definition of the: (a) “angular tooth thickness, ¢p” (b) “angular space width, ¢, and (c) “angular
backlash, ¢B,” in intersected-axes gearing by means of CG_-to-C G, mesh. [Note: The interaction of the tooth
flank of the gear, G, (not shown) and the tooth flank of the pinion, P, (not shown) occurs within the plane of action,
PA, and not within the pitch plane, PP]. A similar schematic is valid for crossed-axes gearing as well.
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bevel/hypoid gears is measured at the tightest point of mesh with a dial
indicator on a bevel gear testing machine. Unless otherwise specified,
backlash is assumed to be normal backlash? and cannot be measured
in the plane of rotation. Backlash is necessary to achieve correct opera-
tion of the gears and varies with the size of the tooth and operating
conditions. Bevel gears are cut to have a definite amount of backlash
when correctly assembled together. But excessive backlash or play, if
great enough, can cause a sudden impulse or shock load in starting
or reversing that may cause serious tooth damage. Excessive or insuf-
ficient backlash can also result in noise, excessive wear, and damage.

Numerous inconsistencies are observed in the definition and
interpretation of backlash in bevel and hypoid gearings. To avoid
the above discussed inconsistencies in the definition of backlash in
bevel and hypoid gearings, the backlash in bevel/hypoid gearing can
be defined in the following manner.

Consider a phantom crown gear that is engaged in correct mesh
with the gear. This crown gear can be referred to as a “crown gear/
gear,” or simply as CG,. The outer diameter of the crown gear is
labeled as 7,, ,, the inner diameter is labeled as r; » and the pitch
diameter is laﬁeled asr,
to Fpp = -7 Zi"he central angle spans over the active
portion of the crown gear, CG . The axis ofp rotation of the crown
gear, C G is labeled as O Hg-re, the subscript “pp” indicates that
the parameters relate to tlfe pitch plane, PP.

The angular tooth thickness, ¢, ,, and the angular space width,
d)w in a gear is measured within the pitch plane, PP, of the
crown gear/gear, CG,, as shown in Figure 9 (a similar schematic is

Face width, F, ., of the crown gear is equal

valid for crossed-axes gearing, as well). The angular pitch of the gear

teeth in Figure 9 is labeled as ¢, <

Similarly, consider a phantom crown gear that is engaged in cor-
rect mesh with the pinion. This crown gear can be referred to as a
“crown gear/pinion,” or simply as C G,. The angular tooth thickness,
¢, ,» and the angular space width, ¢, ,, of a gear is measured within
the pitch plane, PP, of the “crown geat/pinion, CG,” (not shown in
Figure 9). The angular pitch of the pinion teeth is labeled as ¢, »
(not shown in Figure 9).

The angular pitches of the gear, ¢, g and the pinion, ¢, ,, are
equal; that is, the equality ¢ xg = =¢ xp = ¢, Therefore, the further
designations for these angular pltches are replaced with ¢ .

When the crown gear, C G, and the crown gear, C Gp are engaged
in mesh, they are free to turn about the O, -axis in relation to one
another through a certain angle, ¢ . The angle, ¢ p, is referred
to as the “angular backlash.” The “angular backlash, ¢ p,” can be

calculated as:

bp = (bw.g‘(bt.p Equation 1
or as:
bp = d)w.p_q)t.g Equation 2

Novel instrumentation can be developed for the direct measure-
and ¢ x.g ) and in
a pinion (¢, ,.$ w.p and ¢ xp ). Then ertherglziquatron 1or Equatron 2
can be used fp or the calculatron of the angular backlash, ¢ p.

In a bevel/hypoid gear pair the backlash is measured at a configu-
ration of a gear and a pinion when “two pairs of teeth are engaged
in mesh.”

ment of the design parameters in a gear (¢ ,.
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The discussion on backlash in 7~ and

Cy

briefly summarized below:

-gearings in bevel and hypoid gearings is

* The existing practice to set and to inspect
backlash in a bevel/hypoid gear pair is

inconsistent.

The angular backlash is a reliable design
parameter of a bevel/hypoid gear pair.

The angular backlash is measured within
the plane of action in a gear pair (and not
perpendicular to the gear teeth as it is
recommended by ANSI/AGMA/ISO stan-
dards). It makes sense to specify the angu-
lar backlash as an angle within the pitch
plane at a corresponding configuration of
the gear and the pinion in relation to one
another, and not as an angle through which
the gear (the pinion) turns about its axis as
values of these two angles are different: the
angle for the gear is smaller compared to
that for the pinion (gear ratio).

If the backlash does not fall within the
recommended limits, no corrections to the
mounting distance are allowed to adjust the
backlash. If possible, the tooth thickness can
be corrected (reduced) by additional machin-
ing. For strength calculations, the normal
backlash can be expressed in terms of the
backlash in the plane of rotation.

There is a trade-off when setting an actual
value of backlash: The backlash must be large
enough for operating of the gear pair, and it
must be small enough when reversing the
rotation. With the discussed approach, the
contact ratio in bevel and hypoid gearing
can be accurately calculated (spiral bevel,
and others).

More details on the kinematics and the
geometry of intersected-axis, and in crossed-
axis gearing can be found in numerous
recently published papers [7], [8], [9], [10],
[11], [12], [13], and others.

Conclusion: Backlash in intersected-axes,
and in crossed-axes gearing is an “angular”
parameter, and not a “linear” parameter.
Backlash is measured within the pitch plane
of the gear pair. Appropriate methods of and
means for inspection of the angular backlash
can be developed on the premise of the devel-

oped theory of gearing [5].
SUMMARY

In a brief overview on the acting ANSI/
AGMA/ISO standards for bevel and hypoid
gearings, it is shown that the geometrical
dimensioning in ANSI/AGMA/ISO stan-
dards differs from the best practice of part
dimensioning and in most cases can be signif-
icantly improved. Violation of the principle of

common datum surfaces is the root cause for
that. An alternative geometrical dimension-
ing for a bevel gear pair is discussed. Base
pitches of a gear, of a mating pinion, and the
operating base pitches of a gear pair must
be incorporated into the set of the design
parameters for bevel and hypoid gearings.

Use of the contact pattern for the purpose
of evaluation of bevel/hypoid gear perfor-
mance is briefly discussed. It is illustrated
that (a) the measurements of the contact
pattern are not reliable and (b) the actual
misalignment in bevel/hypoid gearing cannot
be expressed in terms of the actual geometry
and configuration of the contact pattern.
Therefore, the efforts of gear experts must
be focused toward searching possible ways to
express the bevel/hypoid gears misalignment
in terms of geometry, size, and configuration
of the contact pattern.

It is shown that in current practice of bevel/
hypoid gear production and application, there
are no reliable means to ensure whether the
actual value of the mounting distance is
within a specified tolerance for this dimen-
sion. The commonly used design parameter
referred to as the “mounting distance” is
not the mounting distance at all. A method
for the inspection of mounting distance in
intersected-axes, and in crossed-axes gearings
is necessary to be developed. Once the actual
value of the mounting distance is known, and
the gears are cut to the correctly calculated
tolerances, then: (a) the gears no longer need
to be produced in sets; (b) there is no neces-
sity to replace the entire gear pair when one
of the components of a gear pair is brakes;
only the broken component can be replaced
instead if the gears are correctly designed and
properly manufactured; (c) no pairing is nec-
essary, and (d) potentially, lapping process in
manufacturing of precision bevel and hypoid
gearings can be eliminated at all.

No reliable methods for the calculation of
the tolerances for the mounting distance in
bevel/hypoid gearings are known (in the pub-
lic domain). This particular problem needs
to be addressed.

It is demonstrated that the existing practice
to set and to inspect backlash in a bevel/hyp-
oid gear pair is inconsistent. It is proposed to
use the “angular backlash” when designing
bevel/hypoid gear pairs.

Ultimately, the discussed examples of incon-
sistencies in the acting ANSI/AGMA/ISO
standards for bevel and hypoid gearings show
that the latest accomplishments in the scientific
theory of gearing need to be taken into account
when revising the acting ANSI/AGMA/ISO
standards for bevel and hypoid gearings. ¥
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FOOTNOTES:

1.

3.

56

C ,~gearings also include “worm gearings.” However, worm gearings
could be a subject of a separate article.

Per the author’s observation, the current gear industry, both, the gear
practitioners, as well as the gear researchers, do not value properly the
accomplishments attained in the theory of gearing. The ignorance
of the output from the theory of gearing is one of the root causes of
insufficient gear quality, problems with the gear inspection, too-high
costs of produced precision gearings, and so forth. No one has a chance
to succeed with bevel, hypoid, and worm gearing having no correct
knowledge of the gear kinematics and the gear geometry. Knowledge
of the theory of gearing is a must for all gear experts involved in preci-
sion gear design and manufacture.

The similar recommendation are provided in Figure 2.7 on page 22,
and in Figure 2.8 on page 23 in the recently published book by J.
Klingelnberg [6].

It is worthy to stress here that the fewer the overall number of the
datum surfaces, the higher the accuracy of the part machining can
be attained, and vice versa.

In much, the contact pattern is a subjective (and not objective) param-
eter. Neither the dimensions and orientation, nor the tolerances for
the dimensions and orientation of the contact pattern can be assigned
(and be directly measured on the shop floor). The contact pattern is
an insufficiently engineered parameter of quality of a gear pair. The
contact pattern is not measurable; thatis, it cannot be reliably measured
by means that are commonly available on the shop floor. It is desired
to substitute the contact pattern with another reliably measurable
design parameter of a gear pair. The mounting distance is a promising
candidate for that.
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This concept can be easily extended to bevel gears of any and all
other types [5].

A method for inspection of the mounting distance in bevel and hypoid
gearing is a subject of a separate article.

Important: In addition to the mounting distance, in C ,-gearings,
one more design parameter must be inspected. This is an angle thata
gear/pinion axis of rotation forms with the centerline, §. A tolerance
for this angle needs to be specified, and the actual deviation of the
angle from required value of it needs to be inspected. An appropriate
tolerance for the center distance.

A straightline along which the so-called “normal backlash” is measured
cannot be perpendicular to both, to the gear tooth flank, G, and the
pinion tooth flank, B, at the same time.
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Cylindrical hobbing of a truncated gear blank showing chip formation and temperature profile.




A New Wave in Virtual Machining

Finite element gear cutting simulation helps identify process solutions
more quickly than conventional trial-and-error testing.

By Cory Arthur

THE CUSTOM NATURE OF GEARS AND THE HIGH
cost of cutting tools have continued to put pressure on
manufacturers to reduce the cost of gear machining
quickly and with minimal disruption on the produc-
tion floor. To make timely improvements without costly
capital expense, more and more companies are looking
to squeeze additional productivity out of existing equip-
ment. However, improvement usually comes at a cost of
interruption of production processes to allow for trial-
and-error implementations. Virtual machining using
finite element gear cutting simulation may help alleviate
these problems and lead to finding solutions faster than
conventional trial and error testing.

With finite element simulation of gear cutting, engi-
neers can investigate results and understand how process
or tooling changes affect the temperature, chip shape, and
stresses during the cutting process. This data enables more
informed decisions and offers the ability to test a wide
range of ideas prior to investing in new cutters or mak-
ing process changes on the floor. For example, instead
of guessing why a cutter fractured, virtual machining
simulation allows users to simulate their process condi-
tions to see the areas of high stress and high temperature
which indicate tool failure.

In 2017, Third Wave Systems released AdvantEdge
Gear Machining for simulating the gear-cutting process.
Previously the capabilities of the software package have
focused on modeling traditional metal cutting for milling,
turning, and drilling processes. It is used globally to better
understand the metal cutting process and test changes in a
virtual environment. Users reduce time to solution, limit
machine downtime, and lower prototyping costs.

The counterpart to AdvantEdge, an NC optimization
software package, Production Module, focuses on full
toolpath optimization for milling and turning machining
processes used in the initial turning of gear blanks and
finishing of gear components.

The machining industry and current customers have
been asking about gear machining in AdvantEdge for many
years. Modeling requests included understanding chip
evacuation, tool life, and the effect of machining on the
workpiece surface material. With a combination of internal
investment and funding from a NAVAIR SBIR program
award, Third Wave Systems developed AdvantEdge Gear
Machining, which can simulate cylindrical gear hobbing
and spiral bevel gear tooth cutting for ring gears. Both
face-milling and face-hobbing methods can be modeled.

Unlike general-purpose finite element software, this
package is specifically designed to be used by engineers
with a wide variety of backgrounds, not finite element
alone. Features such as automated calculation of meshing

parameters and the results analysis wizard enable new
finite-element users to get to a solution more quickly
without sacrificing the manual inputs and functionality
an experienced user requires.

Due to the complexity of gear cutting and wide range of
potential users, an industry focus group was formed includ-
ing cutting tool, machine tool, and gear manufacturers.
This enabled improvement of the user experience and a
streamlining of inputs to the simulation with the software
handling the other necessary calculations in the background.

With the help of its industry partners, Third Wave
Systems has been able to create a simulation package
that contains separate processes specific to cylindrical
hobbing, face milling, and face hobbing. This includes
inputs for defining the uncut gear blank, the tool, process
parameters, and materials along with advanced setup
features for manual mesh definition for experienced
users. The simulation captures the custom nature of the
gear tooling through use of a CAD solid model import.
With the advent of digital manufacturing, a solid model
may also be imported from scanned cutters found on
production equipment. The ability to use both scanned
and CAD-generated solid models allows for high fidel-
ity simulation of the true manufacturing environment.

The process parameters are specific to the process type
and can be found directly from the dimension sheet. The
simulation allows users to set up the simulation at the
beginning, middle, or end of the cutting process, cap-
turing the specific area of interest for the engineer. This
enables a user to study a single rotation of the cutting
tool or single cutting tooth pattern in high detail while
still receiving a solution in a reasonable amount of time.

Simulation results can quickly be compared using the

analysis tools included with AdvantEdge. The quick

v ey
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Face hobbing of a spiral bevel gear (non-generating motion) showing:
chip formation and temperature contours (top), time history plot of
torque and peak tool temperature (bottom).
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Get moving, learning, singing,
or cheering

COLUMBUS Z00 AND AQUARIUM
4850 Powell Road, Powell, Ohio e (614) 645-3400

Perhaps best known for Jack Hanna, its director emeritus
and most famous zookeeper, the Columbus Zoo enjoys

a worldwide reputation for excellence and adventure. If
you're staying an extra day, you can get in touch with your
wild side here.

COLUMBUS MUSEUM OF ART
480 East Broad Street ® 614-221-6801

What better way to beat the heat than to stroll through the
cool, relaxing galleries of a museum, tilting your head to
study a classic, and moving on to the next masterpiece?

THE SCIOTO MILE

With miles of multi-use trails stretching from Bicentennial
Plaza in the south to North Bank Park in the North, this is a
great spot to take a stroll and enjoy both the city and nature.

HOCKEY

If traveling or sitting all day in seminars has left you ready
to do some screaming, give your lungs a workout at a
hockey game. The Blue Jackets will be in action before
and during the Expo days.

Columbus Blue Jackets Hockey vs. Sabres
October 25, 8 p.m.
200 West Nationwide Blvd. e 614-246-2000

Columbus Blue Jackets Hockey vs. Jets
October 27, 7 p.m.
200 West Nationwide Blvd. e 614-246-2000

The Columbus Blue Jackets will hit the ice twice during Expo week.
(Courtesy: Nationwide Realty Investors)
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HARDAC cutter wear comparison showing good correlation between experimental
wear marks and predicted simulation temperature contours for single indexing spiral
bevel gear machining of case hardening steel gear with HSS blades.

analysis window gives the user control to analyze specific variables
on the tool, chip or workpiece contour plots and investigate global
force, torque, and maximum tool temperature time histories. A
results-analysis wizard and report-generation capability enables users
to create a detailed simulation report to be distributed to co-workers,
management, and customers.

The materials library for this software system includes standard
materials for both the cutter and gear. The cutter can be modeled with
different grades of carbide or HSS. The large standard material library
available includes common gear materials AISI 1020, 1045, 4140,
and 9310. These materials have been specifically created for the high
strains, strain rates, and temperatures that occur during machining.
A rigorous process is used for adding materials to the database that
includes force validation and chip-shape collection. New materials
are frequently added through TWS material modeling service.

CAPTURING THE PROCESS

After the user completes the initial setup of the simulation, the soft-
ware takes over. Using the input parameters and imported cutter, the
initial geometry setup is created. First, the gear blank is generated and
cutter correctly positioned. The gear blank and tool are then rotated
and a Boolean process is applied to create an in-cut gear geometry.
This allows the user to start simulation anywhere during the gear-
cutting process. Meshing of the gear and cutter is applied automati-
cally followed by boundary conditions completing the setup process.

The motion of the cutter and gear are defined by the specific process
kinematics. Cylindrical hobbing includes both conventional and climb
cutting. For spiral bevel gear machining this includes face milling and
face hobbing for the non-generating motion. Further study continues for

Chip shape comparison showing correlation hetween: chip width (left), indications of
segmentation shown in experiment and temperature bands shown in simulation for
simplified cylindrical hobhing of case hardening steel gear with an HSS hob (right).



representing the spiral
bevel gear machining
generating process.

To ensure the accu-
racy of both the initial
workpiece geometry
and kinematics, initial
validation was con-
ducted by the compa-
ny using a Mori-Seiki
NH6300 DCG 5-axis
horizontal machin-
ing center. The test-
ing setup included a
Kistler 9255B table
mounted dynamom-
eter for measuring
forces and chip collec-
tor for comparing chip
shapes. Some simpli-
fications were made due to the limitations of
the machining center and to ensure high qual-
ity data collection. Both cylindrical hobbing
and spiral bevel gear machining processes were
tested using case-hardening steel material from a
project partner. Chip load and speed were varied
over a wide range to cover common industry
practices. Concurrently with the experimental
testing, simulations were set up and run for
comparison. The simulated forces were found
to accurately predict trends, and magnitudes
were on average within 20 percent of experi-
ment for both cutting and thrust forces. The
chips were qualitatively analyzed and matched
for both shape and size between simulation and
experiment.

“The advanced ability to model the com-
plex cutting process needed for hobbing cylin-
drical gears and cutting spiral bevel gears
has the potential to reduce the cutting cycle
time and improve the tool life, which will
lower the cost to manufacture all gears,” said
Jack Masseth, director of Gear Design and
Technology at Meritor. “This extension to
Third Wave System’s proven capabilities takes
the gear-machining process to the next level.”

THE NEXT LEVEL

With the complexity of gear manufactur-
ing, the software company is continuing to
expand the number and type of processes
that can be simulated. The current focus is
on the automotive industry and companies
with smaller diameter gears. For the larger
size gears and cutters, TWS applications
engineering group may be able to solve the
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Face hobbing of a spiral bevel gear (non-generating motion) showing chip formation
and temperature profile. (Images courtesy: Third Wave Systems)

Face hobbing of a spiral bevel gear (non-generating
motion) showing chip formation and temperature profile
(tool hidden).

B

Cylindrical hobbing chip formation and temperature profile.

problem through service work, but there are
still some improvements necessary to release
software for larger gears. Continued work
with industry partners enables TWS to better
understand requirements and priorities for
future development for additional software
features including simulation of the gener-
ating process in spiral bevel gear machin-
ing, adding more gear specific materials and
expanding the size range we can simulate. ¥

ABOUT THE AUTHOR: Cory Arthur is a product manager with Third Wave Systems in Minneapolis,
Minnesota. For more information, go to www.thirdwavesys.com.

60 YEARS

ON THE
CUTTING EDGE

2017

THE DRIVE TECHNOLOGY SHOW
Booth #429

Southern Gear & Machine is celebrating
60 years of leading the way in custom
precision gear manufacturing. Our
ongoing investment in technology and
personnel keeps us on the cutting edge
of gear manufacturing, providing the
highest quality gears to the world’s most
demanding industries.

CALL US TODAY TO FIND

OUT HOW WE CAN HELP

WITH YOUR PRECISION
GEAR NEEDS!

SOUTHERN GEAR & MACHINE, INC.

3685 NW 106 Street
Miami, Florida 33147
(305) 691-6300
(800) 248-5152
www.southerngear.net
sales@southerngear.net

Cutting Edge Technology in Experienced Hands
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Gleason’s new Pentac®™ono-RT is the world’s
first cutter system which uses identical blades
in both the outside and inside slots. The unique
blade geometry — in conjunction with the pat-
ent-pending cutter head design — makes the
blade which is placed in an inside slot an inside
blade, and the same blade placed in an outside
slot an outside blade. The Pentac’Mono-RT
cutter system is specially designed for the face
milling process with Pentac seating parallels,
which cover a wide range of gear designs.

Hob cutters for manufacturing gears and
worm gears need to meet the highest stan-
dards when it comes to precision and service
life. Haas Multigrind customers require
gear qualities ql—q3. This is true whether
it's a very small tool, or a 600-kilogram
gear-cutting tool used to manufacture gear
wheels for the winches on freighters and

container ships.

The technology makes it possible to
reduce the number of different blade blanks
by 50 percent, while also doubling the tool
life by swapping the blades from the outside
slots to the inside slots, and vice versa, and
using the cutter with the same blades for
a second run.

The dimensional accuracy and surface qual-
ity of a gear component are absolutely key to
an efficient transmission of power and smooth
operation. On the Multigrind® CB and CA
grinding centers, grinding gears from solid is
just as easy as processing premilled blanks that
are subsequently hardened. Haas grinding soft
ware enables users to quickly and easily define
the respective workpiece, including clearance

—
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The dimensional accuracy and surface quality of a gear component are key to an efficient transmission of power

and smooth operation. (Courtesy: Haas Multigrind)

Koepfer America continues to supply gear
manufacturers with the latest technology in
machines, tools, and services, and will dem-
onstrate that at Gear Expo 2017. At the Expo

62 gearsolutions.com

in Columbus, Ohio, the company will show
three important features for hobbing, shap-
ing, and deburring that all gear manufactur-
ers will want to see.

Gleason’s new Pentac®Mono-RT uses identical blades in
the outside and inside slots. (Courtesy: Gleason)

angle calculations and collision avoidance simu-
lation. Thanks to our machines’ kinematics,
large grinding wheels can be used when rough
grinding. For the operator, this means a longer
service life and more material removed.

Using a compensation program that math-
ematically compensates for the hysteresis of
the probe, the components can be probed
in the machine. The deep grooves and fine
contours of the teeth can also be processed
in one clamping, regardless of the size of the
workpiece. The intelligent integrated 3-D
probing system guarantees maximum preci-
sion during the entire grinding process. This
is how to achieve repeatability and accuracy
of a few microns, and avoid time-consuming
clamping and unclamping.

The grinding wheels can be trued in the
machine using the integrated dresser unit.
This is another way our machines save time
and offer added precision.

First, gear manufacturers will see the
proven technology of the Koepfer Model
200 CNC gear hobbing machine with a
completely redesigned control interface.
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This new Vektor control ushers in the latest
generation of Koepfer’s user-friendly control
concept. It optimizes functionality by using
a minimum number of control elements.
Instead of a fixed menu structure, the Vektor
control’s adjustable apps make operation
more intuitive. The control panel interface
is 50 percent larger compared to the previ-

ous generation, and the panel has complete
touch and swipe technology. The front panel
is also flush and sealed, allowing for effort-
less cleaning. Other updates with the Vektor
control include a compact design, integrated
NC and PLC, and a USB interface for data
backup and easy updates.

Koepfer America will show the CLC 200-SZC CNC gear
shaping machine at Gear Expo 2017. (Courtesy: Koepfer
America)

»

The TM 200 R3 stands apart from previous deburring
machines due to its CNC automatic loading and
unloading system. (Courtesy: Koepfer America)

The next feature in the Koepfer America
booth at the Expo will be a gear deburring
machine that is new to the North American
market: the Tecnomacchine (“TM”) 200
R3. Gear manufacturers will be familiar
with the deburring concept, which uses five
work stations that produce a fully deburred
and brushed part in approximately 25 sec-
onds. CNC work stations also allow auto-
matic tool wear compensation. What makes
the TM 200 R3 stand apart from yester-
day’s deburring machines is its CNC auto-
matic loading and unloading system. The
TM 200 R3 features two rotary magazines,

Your Objective:
One face in perfect alignment with another. For infinity.

AT

P OEM or end-users

1501 S. 55th Court, Cicero, IL 60804
(800) 637-9335

sales@circlegear.com
www.circlegear.com

R

No problems. No distress. No delays.

That’s the same objective you have for choosing your gear producer.
Circle Gear’s objective is to engage with every customer’s objectives.

B One to 1000 gears
B Customer designed or reverse engineered
B Gearbox repair, rebuild or redesign

B ISO 9001:2015 Certified

(708) 652-1000 / Fax: (708) 652-1100

Spiral and Straight Bevel Gears (Cut, Ground or Lapped) * Spur Gears * Helical Gears *
Long Shafts ¢« Herringbone Gears ¢ Involute and Straight Sided Splines ¢ Internal Gears ¢
Worm and Worm Gears * Racks ¢ Sprockets ¢ ISO Certified

Partnering with QualityReducer to provide
Gearbox repair, rebuilding and reverse-engineering.

each comprising eight adjustable turrets,
making this a versatile, flexible deburring
solution for job shops with parts up to 200
mm (7.8747).

Third, Koepfer America continues to
innovate by showing the CLC 200-SZC
CNC gear-shaping machine. As with all
CLC machines, the 200-SZC features
robust components, such as direct drive
torque motors, for maximum quality and
machine life. This show machine will fea-
ture CNC cutter relief, crowning, and taper.
Traditionally, these CNC features have lim-
ited stroking speeds; however, a new design
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Bright Spots at Gear Expo

You'll find all the latest gear production, automation, design
software, tooling and inspection technologies to improve
your applications. One booth, Total Gear Solutions.

Find your invitation at: www.gleason.com/gearexpo
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© Gleason Corporation. All rights reserved.
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concept from CLC provides both CNC cut-
ter control as well as mechanical control.
This allows up to 2,000 strokes per minute.
No longer must gear manufacturers choose
between flexibility and speed. That is not all
to see on the CLC 200- SZC; this machine
will also feature on-board robotic loading
and unloading with Koepfer-style gravity
and conveyor parts magazines.

Gear Expo 2017 in Columbus will be an
exciting show. Koepfer America will be cel-

At Gear Expo 2017, Booth 1015, Liebherr
Gear Technology will introduce gear skiving
machine series LK 300 and 500 based on
the tried-and-tested components of the cor-
responding large hobbing machines but with
greater rigidity and more powerful spindles.
A gear skiving machine requires a table with
a direct drive owing to the high workpiece
speeds required. This drive works with an
automatic control that constantly has the
optimal parameters. Liebherr designs the
complex clamping fixture, which links the
workpiece and the machine.

As skiving is a highly dynamic process,
the machine is supplied on a “turnkey” basis
with individual clamping fixtures for each
workpiece, precise rigidity, and contour accu-
racy. “This overall view is an important part
for the production success,” said Siegfried
Schmidt, team leader in development and
design of skiving. “A complex process such
as skiving has many specific obstacles, which
we overcome with very specific mathematical
solutions.”

With its skiving3 program, Liebherr not
only provides the LK 300 or 500 skiving
machine, but a whole process, including
machine, tools, and technology for gear
production. This integrated approach from
Liebherr has already been tried and tested in
practice. For many customers, the process of
skiving is new, and therefore the operators of
the machines need comprehensive training
and assistance. On top of that, the tool design
is a very complex issue

Skiving3 is popular especially for internal
gearing with medium size and quantity as it
is much faster than shaping, and more eco-
nomical than broaching. In situations where
gear skiving is not possible or appropriate,
owing to interfering contours or quantities

ebrating 30 years of service to the industry
in tandem with Koepfer Germany’s 150th
anniversary. All gear manufacturers are wel-

come to join Koepfer America in booth 807
to celebrate and see the new TM 200 R3 gear
deburring machine, the new CLC 200-SZC
CNC gear-shaping machine, and the new
Koepfer Model 200 Vektor control.

Koepfer’s new Vektor control optimizes functionality
with features such as adjustable apps, a control panel
interface that is 50 percent larger compared to the
previous generation, and touch and swipe technology.
(Courtesy: Koepfer America)

SWISSLUBE

\
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Bocf)$Tsl_Y0UR PRODUGTIVITY

Cutting fluids to
optimize productivty,
economic efficiency
and machining quality.

Our specialists support you to get the best out of your machines and tools with the
Liquid Tool. Please contact us for your local distributor.

Blaser Swisslube Inc. Goshen, New York Phone 845-294-3200 mailboxusa@blaser.com www.blaser.com
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Liebherr LK 500 gear skiving machine. (Courtesy: Liebherr)

WICKERT

hydraulic presses

FIXTURE HARDENING

% ':. ':. Precision, customizable, Heat Treat and Forming Systems,
providing profit while increasing throughput.

Single control, quality monitoring,
Grip Smart System for hot work,

mixed part production, energy efficient.

Gear Expo/ASM Heat Treat Expo
Booth # 2206

Wickert USA

. 2195 Arbor Tech Drive
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-~ 859525 6610x157 -

sales@wickert-usa.com t i
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that are too low, Liebherr still offers tech-
nological alternatives with gear shaping and
gear hobbing.

The newly developed LHGe@rTec control
system also contains the mathematical formu-
las for pressure angle corrections. This way,
quality improvements can be easily achieved
via the kinematics of the machine.

The optional tool changer, which can be
used to change between roughing and finish-
ing tools, for example, is new. Liebherr offers
a ringloader as a standard option for the
workpiece changing device; other automation
solutions, such as belts and robots, can also
be realized upon request.

Rohm Products of America will make its
case as a one-stop clamping and gripping
supplier with exhibits of its top workholding
innovations at CMTS 2017 in Hall 2, booth
2200. Those innovations will include the
Captis clamping system, the DURO-NCSE
power chuck, the RZM 5-axis centric vise
and the KZFS gear chuck. All of these prod-
ucts fulfill industry demands for increased
efficiency and shorter setup times, ergonom-
ics, weight reduction and convenience.

For manufacturers in search of new ways
to maximize production, the modular Captis
workpiece clamping system provides a wide
range of workholding options for turning,
milling and drilling applications, and fea-
tures a forward-thinking quick-change capa-
bility that permits conversion from external
to internal clamping in less than a minute.
The system produces strong clamping forces
without deformation of delicate workpieces,
while offering high repeatability and mini-
mal runout. Captis is compatible with the
industry standard BZI collet interface.

At the show, Rohm will also highlight
its DURO-NCSE power chuck with quick-
acting jaw-change system. The specially
designed jaws unlock individually for easy
handling/changeover and fast setup. The
DURO-NCSE accommodates large, work-
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piece-specific customized jaws, and opera-
tors can offset, exchange, or turn the jaws
with minimal effort. The chuck is avail-
able in a variety of sizes and with several
jaw options to tailor-fit many applications.
Special large jaw pads make part handling
particularly easy for big parts.

Another show special at Rohm’s booth
will be the RZM centric vise that provides
exceptional workholding rigidity and con-
tributes significantly to higher accuracy
5-axis machining. The vise’s design features
clamping jaws positioned relatively high and
a horizontal spindle situated at the top of the
vise and closer to the jaws for unmatched
stability. The double jaw-guidance system
moves jaws smoothly along their axes to
accommodate a wide range of part sizes
without having to remount the jaws.

For visitors interested in external clamp-
ing chucks for gear surface grinding, Rohm’s
KZEF-S collet chuck is especially well-suited
for clamping gears/workpieces that have
an external plane, or gear teeth geometries
accessible from the outside. Additionally,
the chuck allows face and ID diameters to
be turned or ground concentric to outer
gear pitch diameters. Compact in design,
the KZF-S chuck provides high clamping
forces, optimal workpiece stability, and
maximum axial accuracy achieved via axial
draw-in of the workpiece against a rigid
work stop.

Application specialists will be on hand to
show how Rohm’s workholding and automa-
tion technology can help increase produc-
tivity through lights-out and just-in-time
manufacturing.

Seco Tools face milling cutter insert. (Courtesy: Seco)

The modular Captis workpiece clamping system provides a range of workholding options for turning, milling, and
drilling applications. (Courtesy: Rohm)

GEARING AHEAD TO MEET
INDUSTRY'S DEMAND FOR
PRECISION

SERVING:

Aircraft « Aerospace ¢ Actuation
Instrumentation ¢ Optic
Robotics * Radar * Medical
Marine ¢ Defense * Experimental
Prototype * Production
Hi-Performance Automotive

CNC Thread Grinding
PRECISION GEAR PRODUCTS

(up to AGMA QI 4)

Spur Gears, Helical Gears, Worm Gears, Anti-Backlash Gears,
Cluster Gears, Clutch Gears, Face Gears, Planetary Gears,
Gear Assemblies, Gear Boxes, Bevel Gears, Miter Gears,
Metric Gears, Internal Gears, Idler Gears, Gear Rack & Pinion,
Worms, Wormshafts, Splines, Spline Shafts, Serrated Shafts.

STD Precision Gear & Instrument, Inc.

318 Manley St. * W. Bridgewater, MA 02379

(888) STD-GEAR or (508) 580-0035

Fax (888) FAX-4STD or (508) 580-0071
E-mail info@stdgear.com ¢ Web site: www.stdgear.com
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If you're craving it, someone in
Columbus has it on the menu

Columbus’ food scene features top-ranked chefs, a rich
farm-to-table movement, one-of-a-kind restaurants, and
desserts, beers, and wines to lift any spirits.

According to www.experiencecolumbus.com, there are
more than 100 restaurants within walking distance of

the convention center, including the North Market public
market, a symbol of the city’s rich history and a hub of the
its modern-day food and shopping scene. North Market

is open daily, and regular merchants of the market offer

a range of locally produced goods, from soft pretzels and
handmade pastas to spices and craft hot sauces and salsas.

No matter what you're craving, you'll find it in “Cbus.”
Famous brunch spots Skillet and Katalina’s offer

hearty, stick-to-your ribs fare, while The Refectory
(French inspired) and Basi (ltalian) are more refined
options. If you're screaming for ice cream, check out the
homemade ice cream at Jeni’s Splendid Ice Cream. Other
eateries of note include Golden Donuts and Diner and
pastry cafés such as Pistacia Vera.

Once your stomach is full, you might want something to
drink. The Brewers Row corridor near downtown features
six breweries, all within a few blocks of the free CBUS
downtown circulator. They include North High Brewing,
Seventh Son Brewing, Hoof Hearted Brewpub and Kitchen,
Barley's Brewing Company, Wolf's Ridge Brewing, and
Elevator Brewery and Draught Haus.

SKILLET THE REFECTORY
410 E Whittier Street 1092 Bethel Road

(614) 443-2266 (614) 451-9774

KATALINA'S BASI
1105 Pennsylvania Avenue 811 Highland Street
(614) 294-2233 (614) 294-7383

Artistry and flavor come together at Basi. (Courtesy: Basi Italia)

The new R220.88 face milling cutter family from Seco features
inserts with eight cutting edges and optimized geometries that pro-
vide excellent tool life and reduced cutting forces. The cutter body’s
88-degree lead angle allows for large depths of cut with smaller insert
sizes, as compared to 45-degree lead-angle face mills. Its design also
allows the new cutter to machine closer to workpiece side walls as
well as intricate part clamping workholding systems when necessary.

Designed for roughing and semi-finishing applications, the
R220.88 is ideal for machining cast iron and steels in the general
machining and automotive segments. The cutter body is made of
Idun material, a corrosion-resistant stainless steel that offers longevity
and durability along with being environmentally friendly due to the
elimination of the nickel coating process.

The cutter body is available in diameters ranging from 2.00" to
6.00" (50 mm to 160 mm) with the size 12 insert, and 3.00" to
6.00" (63 mm to 160 mm) with the size 16 insert. Each diameter
is offered with a standard pitch variant and a close-pitch variant to
provide the best match to an application’s specific needs. The size 12
R220.88 achieves a maximum depth of cut of 0.35" (9 mm), while
size 16 reaches an impressive 0.51" (13 mm) maximum depth of cut.
Right-hand versions of the cutter body are standard with left-hand
versions available on special order, allowing integration into systems
with dual spindles performing simultaneous milling operations.

The R220.88 is compatible with Seco’s SNMU inserts, which are
secured with a center lock screw, eliminating the need for wedges
to secure the insert in the pocket. The eight cutting edges on these
inserts offer double the cutting edges over four-edged inserts to help
reduce tooling costs.

With its neutral design, the SNMU insert can be applied in right-
hand or left-hand milling applications. Available insert geometries
include M10 and MD13 for size 12 and M10 and MD16 for size
16, with an insert grade offering that includes MK1500, MK2050,
MP1500, MP2500, MS2500 and F40M. An integrated wiper flat
ensures a good surface finish for semi-finishing applications, and
optimized geometries for reduced cutting forces with the M10. The
heavy edge protection with the MD13 and MDI6 inserts are ideal
for difficult face milling operations, such as interrupted cuts.

One of the items decision makers may have been mulling over as
2017 nears its end is investing in machine monitoring software for
the shop floor. You have likely heard about how monitoring machine
utilizations will help improve productivity. The truth is, there are
three other benefits to machine monitoring that aren’t so obvious.

Reason 1: Machine monitoring is flexible — it’s not just for CNC
machines and it’s not limited to the shop floor. Monitors can work
with manual machines, autoclaves, paint lines, PLC-driven machines,
and more. Shop Floor Automations prides itself on unconventional
machine monitoring, and also the mobility of machine monitoring.
Monitor machines away from the shop floor with notifications sent
via email or text. Employees can also monitor from a mobile device,
such as a smart phone or a tablet.

Reason 2: This software can integrate with a CMMS system
to provide customers with a more accurate PM schedule. If you
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Gear-up for efficiency.

NUFLUX"™

Industrial gear oils are transformed with Evonik’s NUFLUX™ technology. Geared for higher
performance with lower formulation cost, Evonik additive technology provides a premium
solution backed up by OEM approvals, industry standards and performance tests. With
NUFLUX™ technology, you’ll find a broad range of viscosity grades suitable for a variety of
demanding industrial gear applications.

The Oil Additives specialists at Evonik— Let it flow.
www.evonik.com/oil-additives
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are currently using a calendar-based system the trenches and they usually know why

to schedule PMs, you might be performing a machine is not running. Data entry

maintenance too soon, or too late. Shop Floor screens and tablets on the shop floor

can monitor actual run times on machines give machinists the ability to add notes

and feed that information to CMMS to create and let those in the back office know

a PM schedule. the reasons machines are down. This
Reason 3: Machinists have a voice, via will allow for trends to be seen and cor-

machine monitoring. The men and women rections to be made.

running the machines have valuable feed-

back that is not easily communicated to

upper management. They are the ones in

Shop Floor Automations touts the benefits of machine monitoring, including
communication and mobility. (Courtesy: Shop Floor Automations)
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e Made to Print Parts machining, which is why Schunk is offering
e Assemblies & Sub-assemblies the Tribos-RM precision toolholder as the best

solution for micro machining with the ISO

e Des i gn & En g i neer i ng interface. The one-piece, rotationally symmetric
design ensures long life of the machine spindles

e Gears 1/8 ! to 20 “ d lameter and the complete transmission of power.

=

g The one-piece, rotationally
symmetric design

" ) of the Tribos-RM toolholder
ensures long life of the

machine spindles.
(Courtesy: Schunk)

l ® Nordex.com
sales@nordex.com
Nnr d ex eng@nordex.com
INCORPORATED Phone: (800) 243-0986 | (203) 775-4877
QUALITY SOLUTIONS SINCE 1960
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Knowing exactly
how to optimize your

production quality.
ZEISS DuraMax

// RELIABILITY

MADE BY ZEISS

The right measuring equipment for the shopfloor

ZEISS DuraMax eliminates the need for fixed gauges. Equipped with the VAST XXT scanning sensor
from ZEISS, it can even be used to capture contours and freeform surfaces. The standard shopfloor
DuraMax is perfect for a rough production environment, now with enhanced models offering a
smaller footprint, a rotary table option and an even higher operating temperature range. Integrate it
into your production line or configure it as a specialized gear measurement tool.

Visit ZEISS at Gear Expo, booth 214 www.zeiss.com/duramax


http://www.zeiss.com/duramax

Unlike heat-shrink clamping, the Tribos-RM achieves steady tool clamp-
ing that will not distort the toolholder. The user will always benefit from a
precise run-out accuracy of less than 0.003 mm, which is optimal with small
tools for micro machining.

The Tribos-RM is designed for high spindle speeds of up to 60,000 rpm
in high-speed cutting, making it ideal for the high speeds involved in micro-
machining. Sizes ISO 10 D 1 - 6 mm are available. The balancing grade is
G 2.5 ar 25,000 rpm.

The Pronto quick-change
jaw system is easy to use. (Courtesy: Schunk)

Schunk Pronto quick-change jaw system

DON'T TALK i = 2 ' v 7 e could shave minutes off of your current

pOR oAl W ol A © ~X _ set-up times, drastically improving your
AR ey [ FA| $, =/ L5 productivity.

In addition to the time-saving benefits,

I DON'T CARE there is also considerable versatility and

WHAT YOUR SUPPLIER

AS PROMISED. PERIODI ; R
o ks I HAVEN'T HAD quick-change system. The complete system
YE0ve YoU BOTEA —— AN WeRS is suitable for O.D. clamping of machined
HEW TN A HECK OF ' ; " AND THE and finished parts, and consists of sup-
LOWEST SOST port jaws and clamping inserts that have

GUARANTEED a clamping range of up to 16mm without
having to reset the supporting jaw —an

extended clamping range to the Pronto

impressive 300 percent increase on the stan-
dard clamping range.
The Pronto quick-change jaw system is

incredibly easy to use — the lock is released
with an Allen key, and the jaw is then removed

and replaced by another, thereby eliminatin
P y Yy g

4 incorrect positioning and ensuring excellent
Colonial gives you the repeatability. When in the locked position,

i TR - he six-sided form-fit clamping is at max-
Opportunlty to relax COLONIAL DOESN'T KNoW IT BUT the six-sided form-fit clamping is at max

& enjoy your coffee ...|  THEY saved my MARRTAGE AND My el imum stability, providing high force and
CUSTOMER. WITH TODAY'S TIGHT - 7
MARGINS YOU SIMPLY CAN'T AFFORD torque transmission.

TO TAKES CHANCES WITH QUALITY. Y The Pronto system can be used in a wide
V] ] variety of applications to adapt to any specific
L . 4 F r e

need. The features and benefits include:
* Three supporting jaw variations avail-

able for small, medium, or large clamping
ranges.
* Four hard-claw inserts for various diameter

and clamping ranges.

Start your day with confidence.
Have your coffee your way!

* Soft, interchangeable inserts for finished
parts processing.
* Once turned, the inserts can be used
/ ;;-f'"' f{‘ — repeatedly on a system.
1!’(/!1(‘(’(/ 1\‘_____',,.. _f. “,.. ,'.':‘:i-ﬂ_/ — uﬁﬂnf:’: L ¢ Clamping depth can be adjusted by using

EXPERIENCED = RELHBLE INTERNATIONAL a work piece stop.

United States - Canada - Mexico
1-866-611-5119 - info@colonialtool.com - www.colonialtool.com
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THE DRIVE TECHNOLOGY SHOW

DRIVES >

YOU

FORMOREINFORMATION, VISIT

WWwWw.gearexpo.com/gearsolutions

NETWORKING,
AND TOP-NOTCH EDUCATION

Drive home
with new
insights and

technology for

your business.

JOIN THOUSANDS of design, EXPLORE A SOLD-OUT EXHIBIT GET NEW IDEAS during
manufacturing and application HALL filled with the latest education sessions led by
engineering professionals equipment and machines to industry experts who provide
as well as gear buyers and make your operations more relevant and timely solutions
manufacturers to network and efficient and your systems made to the challenges you and
build relationships that drive to the highest quality. See them your team face every day.
profits for your company. in action firsthand.

Columbus, OH
OCtOber 24_26; 2017 G:e:I:;rleSolumbus Convention Center


http://www.gearexpo.com/gearsolutions

MARKET
PLACE

Contact Gear Solutions
at 800-366-2185 to feature your
business in the Marketplace!

Gear quuchturlng

(from singles to production & reverse-engineering services)
SPUR - HELICAL - SPLINE - WORM - BEVEL - RACK

Gear Hobbing ® Gear Shaping ® Gear Rack ¢ Sprockets
Broaching ® CNC Turning ® CNC Milling ® Automatic Sawing

- LAWLERGERRCORP.

421 SE Bailey Road - Lee's Summit, MO 64081
Toll Free: 800-346-3038
Missouri; 816-525-0002 » Fax: 816-525-1113

MANDO G211

Segmented mandrel for gear cutting

£) America

HAINBUCH

WORKHOLDING TECHNOLOGY

1.800.281.5734 + Germantown, WI USA
www.hainbuchamerica.com

We’re investing in you. for Quality

Hob Sharpening Service

Trade in your old _ ]
¢ Quick Turnaround 2 Day Service

furnace and
receive a $50,000
credit toward a
new TITAN®
vacuum furnace. .

¢ Spur Shaper Cutter Sharpening
¢ HSS & Carbide Hob with center hole

and straight flutes
e

¢ Thin Film Coatings
. Length up to 7 inches
. a . ‘
¢ Diameter up el et
to 5 Inches i

¢ Precise rake
and spacing guaranteed
to AGMA standards

Koro Sharpening Service
9530 85'"" Ave North
Maple Grove, MN 55369
763-425-5247
info@koroind.com

= GEAR MANUFACTURING
~ & MACHINING

* GEAR GRINDING & CHECKING
GEARBOX REBUILD & REPAIR

PHONE: 815-874-3948
www.raycargear.com

1-800-428 6028

C-B GEAR & MACHINE, INC.
4232 Mooney Road ¢ Houston, Texas 77293
281-449-0777 » Fax: 281-590-9127
Email: gears@chgear.com
Website: www.chgear.com

GEAR & MACHINE CO.

FACE IT!

- Custom gear racks in AMERICAN and

METRIC standards, STRAIGHT and

HELICAL, VARIOUS materials, FINE and

COARSE pitch (254 DP.— 0.5 D.P; 0.10

Module — 50 Module); hard-cut (up to

60 Re) and soft-cut (up to 40 Rc); 32"

face width; Up to 82" lengths — longer

lengths through resetting

- Custom gears in AMERICAN and
METRIC standards (3 D.P.—72 D.P, 10"
Diameter)

- Precision Quality up to AGMA 12

| - Prototype & Production quantities

- Breakdown Service Available

- Reverse Engineering

- Unique Tooth Configurations

- Heat Treating

- Complete CNC Machining

Custeom NManufactured
GEAR RACKS & GEARS

303-447-1130
www.kapp-niles.com

sales-usa@kapp-niles.com 365 BALM COURT e WODOD DALE, IL 60191

630-766-2652 « FAX 630-766-3245 « WWW.GEARACKS.COM
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1 SHIIP HARDENED GEAR INSPECTION
WITH DATA COLLECTION

TRUE DIMENSION GEAR INSPECTION™

SOFTWARE HIGHLIGHTS

+ Real Time Data Collection

+ Gauge RER Studies

- Gauge Datahase Management

REPORTING HIGHLIGHTS

+ Analyze Inspection Data

+ Compare Data and Process Behavior
+ Customized Reporting

+ Real-Time Reporting

“ND ANNUAL SOFTWARE FEE

NITED TOOL SUPFLY

WWWw.uhite-a-matic.com

MASTA

CAE solutions for the design,
analysis and optimisation of
complex transmission systems
trusted by engineers worldwide

*

Accurately and rapidly design and analyse transmission systems
from scratch or troubleshoot exisiting designs

Comprehensively understand the life of a mechanical part over
the customer duty cycle

Identify potential failure modes early in the developmant cycle
Rapidly predict key performance characteristics at the design
stage

Easily explore changes in transmission layout, component
selection andfor design, materials and manufacturing processes
Perform full system simulations for any transmission or driveline
configuration

Incorporate manufacturing simulation at the design stage to
reduce process development time & cost

*

*

*

-

ot Masta.smartmt.com

SMT

Cartified compatible with [ \Vindows 10

L2077 Smart Merutaciuring Technclogy Lid,

SEPTEMBER 2017
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MIJNO-USA

QsA

What is Mijno-USA’s mission?
Our mission is to provide custom gear drive
solutions, driven by our passion and exper-
tise, to serve the customer above and beyond
their expectations while promoting leader-
ship, integrity, and continued improvement
throughout the manufacturing and customer
service processes.

How did Mijno-USA begin?

In 2007, Allied Precision Machining teamed
up with Mijno and entered into a gigantic
manufacturing co-op of primarily the critical
down-hole oil tool drive systems for convey-
ing tools down to the locations required in
the deviated wellbores. So, as the oil and
gas industry grew, rather than rely on the
experience of our co-operatives, we pretty
much continued to assist them despite their
concerns about becoming larger and larger
shares in our company. We did manufacture
precision drive components and assemblies
for what we call wellbore tractoring systems.
And these were both electrical and hydraulic,
so they had an arm that would deploy with
a gear-drive reduction system through the
arm. It was a little bit different from Mijno’s
typical expertise in planetary reduction and
rack-and-pinion type stuff. And the exotic
materials required down there in the caustic
environments were requiring the engineering
and the expertise of the two companies.

But due to the downturn in 2014 in the oil
and gas industry, I was forced to close Allied
Precision Machining. That was the company
here in California. The resulting concern
was loss of knowledge and capability in this
particular field of expertise, primarily by our
largest customer, one of the world’s largest
oil well service companies. Consequently,
Gregory Mijno, president of Mijno-France,
which is where the factory is, solicited me
with the intent of Mijno maintaining and
serving that level of expertise while gaining
representation in the North American mar-
ketplace, which would be the Canadian and
U.S. territories. And thus, Mijno-USA was
born. We're still somewhat in our infancy,
because we officially started Mijno-USA in
December 2016.

VINCE MARLOWE
DIRECTOR OF SALES AND MARKETING

What products and services
does Mijno offer?

Primarily gear-drive solutions, whether
they’re custom designed or standard. We
offer high precision, full service machining
and assembling of gearboxes and gearbox-
related products. But a lot of the stuff we’re
getting into is part of the expertise brought
aboard from the previous company, and these
are typically your hydraulic blocks. They’re
the manifolds you'd mount the solenoids
in, and they control the hydraulic circuits.
Primarily for down-hole oil tools that we have
grown with the expertise with the company.
We also have a standard line of gearboxes —
planetary reduction, right-angle reduction,
rack-and-pinion. We’ll do servo and gear
drive integration, whatever you need, whether
it’s for military, nuclear, or aerospace. Our
largest sector is aerospace and defense in the
European theater.

We also support machines through auto-
mation. A lot of your CNC turning machines
have live tools for milling and your multi-axis
machines that are pretty much doing it all
now. You've got what we used to call lathes
and mills, and now, the industry is building
machines that are doing so much more. And
that requires a lot more gear-drive solutions.
We still support the oil and gas sector, despite
the downturn. And some of it is coming back,
and we're happy to see it.

What are some of Mijno’s

proudest achievements?

We redesigned and improved the efficien-
cy of some hybrid transportation vehicles.
They’re basically large buses, and they were
having problems with the efficiency and
the design, and we stepped in and pretty
much saved the day. Nowadays, we're turn-
ing toward electric or hybrid transportation,
which makes total sense, especially for large
metropolitan areas.

We designed and manufactured the azi-
muth elevation controls for the shipboard
anti-missile defense systems for the French
Navy. Last year, we deployed the satellite
solar panel rotational system. They basically
open up like an umbrella, and we built the

drive system and the servo drive integra-
tion that does that in the satellites for the
European space defense agency.

And I came up with the catchphrase for
Mijno: “Whether it’s way high above, far
down below or right here in between, we have
your gear drive solution.”

What sets Mijno-USA apart

when it comes to what you

can offer a customer?

Primarily, we've got 90-plus years of passion-
driven expertise in proprietary design and
manufacturing processes and technologies
that allow Mijno to provide innovative cus-
tom solutions to its customers backed by
complete in-house capabilities, whether it’s
direct cutting, grinding, or more.

Our progressive thinking ensures the con-
tinued improvement for current and future
customers for years to come. So we really kind
of have a reputation. The company started out
by making gears for bicycles and has grown
to what you see today.

Where do you see Mijno-USA

in the next 10 years?

The current hope is — market conditions
supporting it — a U.S.-based manufactur-
ing facility with interchangeable staffs, so
we can do cross training with French and
American expertise, kind of like an inter-
national exchange program similar to what
some of the colleges are doing. I want to
support the current growth initiative with
the resourcing acts in America.

I’m really hoping we can capitalize on
that and continue to grow the company
with a worldwide presence. The diversifi-
cation would be the big issue. The hope
would be to continue supporting the ener-
gy field, especially with the dominance
of the oil and gas field in America now,
as well as support the new generation of
technologies. ¥

FOR MORE INFORMATION: www.mijno-usa.com
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Choose the stick that works, cause work doesn’t stop

f :
o i ‘qa“‘& ' T gg'llg?
/a,:. S B \ B Bl -

N
-y S T \E'TT.: &:
- il
Cutter body HSS Blade Sets & solid body HSS straight bevel Spring loaded Cutter
hardware cutters for Spiral Bevel Gears gear cutting tools body screws

Engineered Tools Corporation

- Complete line of Bevel Gear Tooling
— Cutter Body Reconditioning to O.E.M. Specifications
and Cutter Body Maintenance Program
- Precise Wire EDM Forms for Stick Blades
T PANTY
: A caie oy

2710 West Caro Rd., Caro, MI 48723
PH: (989) 673-8733 | FAX: (989) 673-5886

NEW and RECONDITIONED 1307 E. Maple Rd., Suite “G”, Troy, MI 48083
CUTTER BODIES for Sale. PH: (248) 619-1616 | FAX: (248) 619-1717

WE PURCHASE USED CUTTER

BODIES IN ANY CONDITION engineeredtools.com
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MITSUBISHI

HEAVY INDUSTRIES AMERICA, INC.

MOVE THE WORLD FORW>RD

The Mitsubishi
MSS300 Super
Skiving Machine;

Cutting Into
The Competition

Designed for
Internal Gears

Ultra Rigid
Machine Base

Up to 5x More
Production

Precision Machine
Designed for
Productivity & Quality

HE DRIVE TECHNOLOGY SHOW
BOOTH #1322


http://www.mitsubishigearcenter.com



