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your gear cutting
oolneeds »

e Master gears

¢ Ring and plug gauges

e Advanced coatings including ALTENSA and
ALCRONA PRO

¢ Tool re-sharpening

Gear cutting tools and services

Star SU offers a wide variety of
gear cutting tools and services, including:

e Gear hobs

e Chamfer hobs
e Milling cutters
e Shaper cutters

Total tool life cycle management

Control your tool costs and let Star SU manage your

e Scudding® and Power Skiving cutters
e Shaving cutters

e Chamfer and deburring tools

¢ Rack and saw cutters

J
/[

Phone: 847-649-1450

@ SAMPUTENSILI

tool room. From new tools to design work to re-
sharpening and recoating, we have the equipment
and resources to help keep your gear cutting
operation running smoothly.

5200 Prairie Stone Pkwy. | Ste. 100 | Hoffman Estates | IL 60192



Economical hob sharpening and
in-house tool maintenance

The Star NXT linear CNC tool and cutter
grinding machine sharpens both straight and
spiral gash hob designs up to 8” OD x 10” OAL.
With a small footprint and maximized grind
zone, the NXT also sharpens disk, shank and
helical type shaper cutters, Scudding® cutters,
and a wide range of round tools, making it a
versatile tool room machine.

Profilator

www.star-su.com
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The Perfect Time for Power
Skiving

Power skiving gives company strong
competitive edge as industries gear up for
the post-pandemic

Supply Chain Management

Users Guide

Gear blank and forging suppliers give
insight to gear manufacturers’ supply chain
challenges during the global crisis.

A Publication of

The American Gear
Manufacturers Association

<% DIN Q6 Meets DIN Q10 — the Need for Modern
Internal Gear Production
Transmission engineers strive to lower NVH
levels, but increase of quality drives up costs;
this “trilemma” must be broken by compromise
between structure-borne noise, airborne noise and
costs.

LIl High Traction Differentials
How a ratio change can improve traction.

LI Influence of Planet Carrier Misalignments
on the Operational Behavior of Planetary
Gearboxes

A report on further improvement of validity of
today’ simulation models via first large-scale
validation by means of a wind turbine.

Vol.37, No.5 GEAR TECHNOLOGY, The Journal of Gear Manufacturing (ISSN 0743-6858) is published monthly, except in February, April, October and December by The American Gear Manufacturers Association, 1840 Jarvis
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The leading manufacturer R\
of skiving machines. , AN\ \\\ Y

" PITTLER
Cbvs -~ SKIVING

TECHNOLOGY ' _ !
AMERICA > b

e Turning, milling, drilling, gear cutting, deburring and
more in one machine

e Stable gear cutting with PITTLER Skiving technology
e Clamping and skiving tools from a single source
e |deal for ring gear and step pinion machining

SkiveLine

2 & PITTLER SkiveLine

CONTACT US: Worldwide the only gear cutter with

DVS Technology America Inc. integ rated Complete maChining
Qo 734-656-2080
sales.america@dvs-technology.com

www.pittler.de EDVS

TECHNOLOGY
www.dvs-technology.com GROUP



Spiral Bevel Gears

» Spiral & straight bevel gear manufacturing.

* Commercial to aircraft quality gearing.

* Spur, helical, splined shafts, internal & external,
shaved & ground gears.

= Spiral bevel grinding.

* Midwest Transmissions & Reducers.

* |SO compliant.

ool, Inc.
n Rd., Roseville, M| 48066
mwgear@midwestgear.net

KISSsoft AG/Gleason Sales
Brian P. Stringer

Phone (585) 494-2470
info@KISSsoft.com

Release

KISSsoft Highlights

= Rainflow method for load data analysis

= Reliability evaluation with AGMA 6006,
VDMA 23904 and Bertsche

= Revised tooth root and flank rating
according to ISO 6336:2019

= Scripting language for automation and
extension of calculations

= Gearbox data exchange with REXS

Free trial version at www.KISSsoft.com

Drivetrain Design Solutions Klsssoﬂ
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GT Extras
GT Videos: WFL presents latest gearing
technologies; Gleason introduces hard finishing
cell. Editor’s Choice: Emuge offers efficient,quick-
change workholding; Gear Talk with Charles
Schultz— Learn the importance of training and
education during slow economic periods.

Publisher’s Page
Thanks, Team!

Product News

Solar Atmospheres installs gas nitriding furnace;
CAS Dataloggers offers vibration measurement
system; Helios Gear introduces Hera 500 gear
hobbing

Industry News

News and notes from Machine Tool Builders,
Global Gear, EMAG, Bourn & Koch and more.

Advertiser Index
Contact information for companies in this issue.

Subscriptions
Fill out the form to continue receiving Gear
Technology.

Addendum
Rudolf Diesel—Man of Motion and Mystery.

-

&
GEAR:

BLANKS

SKIVING
AUTOMOT
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Liebherr Performance. 9= UNITED

WGT Gear Measuring Machines

¢ Highest accuracy is guaranteed by using granite guides, air bearings,
precision rotary table and Renishaw scanning probe
e Low cost of ownership and high uptime
» User friendly software packages for various types of gears,
gear cutting tools and shaft geometry
* Ergonomic design
« Manufacturer neutral GDE interface for data transmission to production machines

Liebherr Gear Technology, Inc.
1465 Woodland Drive

Saline, Ml 48176-1259, USA
Phone: +1 (734) 429-7225
info.lgt@liebherr.com
www.liebherr.com



THE GEAR INDUSTRY'S
INFORMATION SOURCE

www.geartechnology.com

WEFL Presents Latest Gearing Technologies

High quality standards, profile accuracy and machining solutions
that offer both reliability and flexibility are features that are
critical when manufacturing gears.

Read the full WFL MilITurn story here:

www.geartechnology.com/videos/

WEFL-Presents-Latest-Gearing-
Technologies

/ Gleason Introduces Hard
Finishing Cell

The Gleason HFC features a
fully-automated, Closed Loop
manufacturing system for gears
with in-process gear inspection,
real-time analy5|s and automatic feedback of corrections to the
hard finishing production machine. Additionally, the HFC can
integrate a wealth of auxiliary options.

www.geartechnology.com/videos/Gleason-Hard-Finishing-Cell-/

Editor’s Choice:

Emuge Offers Efficient, Quick-Change Workholding

Controlling pro-
duction costs is
critical for today’s
gear manufactur-
ers, especially
when factoring in
global economic
pressures. One
key effective cost savings measure is using a quality quick-
change workholding system (QCS). Learn more here:

www.geartechnology.com/blog/
emuge-offers-efficient-quick-change-workholding/

Gear Talk with Charles Schultz

Learn the importance of training and education dur-
ing slow economic periods in the gear industry here:
www.geartechnology.com/blog/how-do-we-fix-this/

Stay Connected

Join the Gear Technology Facebook group at
www.facebook.com/groups/210890932629794/

Follow us on Twitter
twitter.com/#!/Gear_Technology

Connect with us on LinkedIn
www.linkedin.com/groups/3893880/

Subscribe Online
www.geartechnology.com/subscribe.htm

6 GEARTECHNOLOGY | July 2020

TECHNOLOGY"®

AGMA MEDIA
1840 JARVIS AVENUE
ELK GROVE VILLAGE, IL 60007

(847) 437-6604
FAX: (847) 437-6618

EDITORIAL
Publisher & Editor-in-Chief
Randy Stott, Vice President Media
stott@agma.org
Senior Editor
Jack McGuinn
mcguinn@agma.org
Senior Editor
Matthew Jaster
jaster@agma.org
Technical Editors
William (Bill) Bradley, Robert Errichello, John Lange,
Joseph Mihelick, Charles D. Schultz, PE., Robert E. Smith,
Mike Tennutti, Frank Uherek

DESIGN
Art Director

David Ropinski
ropinski@agma.org

ADVERTISING CIRCULATION
Associate Publisher & Circulation Manager
Advertising Sales Manager Carol Tratar
Dave Friedman tratar@agma.org

friedman@agma.org

Materials Coordinator

Dorothy Fiandaca
fiandaca@agma.org

China Sales Agent

Eric Wu, Eastco Industry Co., Ltd.
Tel: (86)(21) 52305107

Fax: (86)(21) 52305106

Cell: (86) 13817160576
eric.wu @eastcotec.com

MANAGEMENT ACCOUNTING
President Accounting
Matthew E. Croson Luann Harrold
croson@agma.org harrold@agma.org

FOUNDER

Michael Goldstein founded Gear Technology in 1984 and served as Pub-
lisher and Editor-in-Chief from 1984 through 2019. Thanks to his efforts, the
Michael Goldstein Gear Technology Library, the largest collection of gear
knowledge available anywhere, will remain a free and open resource for
the gear industry. More than 36 years' worth of technical articles can be
found online at www.geartechnology.com. Michael continues working
with the magazine in a consulting role and can be reached via e-mail at
michael@geartechnology.com.

[www.geartechnology.com]



SHAPE UP

Reman Your

10-4 GEAR SHAPERS

Photos show before and after
remanufactured Fellows Shapers

BUILT FOR TODAY'S RIGOROUS GEAR MANUFACTURING.

+ Electronic Helical Guide Option Automotive and Aerospace Applications
* Fanuc Controls 12-Month Machine Warranty
*  Up to 6-Axis CNC Available Stock Machines Available

B K B(:“JRNE 815-965-4013
SKOCH: www.bourn-koch.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

MiTgyy
MACHING T EAVY ey

00L co, {y° TRIES

Ultra Rigid
Machine Base

Up to 5x More
Production

Precision Machine
Designed for
Productivity & Quality




publisher’s page

Thanks, Team!

It takes a lot to put together a magazine
like this one, issue after issue. There are arti-
cles to edit, materials to gather, production to coor-
dinate, layouts to develop, subscriptions to enter and
much, much more. The process for any individual issue
begins as much as a year in advance, when we start to
talk about the topics we'll cover, sell the advertising that
will be included, identify likely technical papers that
will serve our audience.

All of that is especially hard when authors, advertis-
ers, contributors and colleagues are all working from
home, working intermittently, on temporary leave or
furloughed. Everyone is much harder to get a hold of,
and even the simplest communications can become
challenging.

Here at AGMA Media, we've weathered those chal-
lenges extremely well. Although our staff has been
mostly working from home, they continue to hit their
deadlines, produce quality work and turn out the maga-
zine that all of you have come to expect.

That staff deserves a little recognition.

You’re probably used to seeing my name, and our
other editors, in the pages of the magazine. But there
are quite a few others without whose contributions
none of this would be possible.

Each member of our staff has been with Gear
Technology for many years. In fact, their average tenure
here is 17 years, making our team more like friends and
family than colleagues and coworkers. These people
have been serving the gear industry for a long, long
time. Their combined dedication and professionalism
are what help make Gear Technology the voice of the
industry, and their work is delivered to your desk or
e-mail inbox every issue.

Publisher & Editor-in-Chief
Randy Stott

Much of that work is done behind the scenes, so
most of you don’t often have the opportunity to interact
with them. But what they do is critical to our success,
and recognizing them is long overdue.

So thank you, Dorothy Fiandaca.

Thank you, Dave Friedman.

Thank you, Luann Harrold.

Thank you, Matt Jaster

Thank you, Jack McGuinn.

Thank you, Dave Ropinski.

Thank you, Carol Tratar.

I appreciate your efforts over the past many years, but
especially throughout 2020 as we've all had to adjust to
strange new ways of working. This magazine — with its
quality technical articles, well-written features, timely
news and relevant product information - is a testament
to the significance of your hard work.

It's been a crazy, tough year, and it’s taken a crazy-
tough team to get through it as well as we have. There’s
no telling what the future will hold, but 'm confident
that no matter what challenges come our way, this team
will continue to produce the best possible magazine for
the gear industry.

So thanks, team, for everything you do. I appreciate
your efforts, and I'm sure our readers do, too.

Fo it

July 2020 | GEARTECHNOLOGY
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Hoffmann Group

TESTS AND OPTIMIZES TOOLING WITHWFL MILLTURN MACHINING CENTER

With over 4,000 employees and an
extensive range of tools, operating
equipment and personal protective
equipment, the Hoffmann Group is one
of the major playersin theindustry.in
2019, its parent company, Hoffmann SE,
celebrated its 100th anniversary. The
first WFL Millturn complete machining
center was also commissioned last year
at the Hoffmann Group. This machine
takes on a highly unconventional role —
rather than producing components, it
is used to test and optimize tools. These
are ruthlessly pushed to their very limits.
The result is a huge amount of chips and
valuable tool data.

We don’t make toolsin this depart-
ment, they are developedin conjunc-
tion with suppliers,” explains Dr. Jens
Rossaint, director of engineering, who
is responsible for the technology depart-
ment and therefore the quality man-
agement of products developed for the
catalogue. This is extremely important,
as the catalog is key at the Hoffmann
Group. The orange ‘tool bible’ has been
published annually since 1978. It is avail-
ablein 18 languages and now comesin
four volumes with a print run of 900,000
copies.in 2000, an online version with
over 90,000 items to choose from was
also launched with the eShop.

“The process forincluding a prod-
uctin the catalog typically goes like
this: we define what the tool should be

MVWAT U ECHMOL GRS

Having all the tools and equipment in-house
proved valuable for the Hoffmann Group.

able to do, draw up a specification, inte-
grate technical ideas. Then there’s some
kind of tendering process and we nar-
row down the number of suppliers to a
shortlist. These then manufacture pro-
totype tools. This is followed by test-
ing, a comparison with competitor prod-
ucts and benchmarking. The tools are
then continuously developed by the sup-
plier. These tools are then only found at
Hoffmannin this manner. After testing,
the new tools gradually enter the cata-
logue. We mainly sell standard tools. But
we do offer a few special tools too,” said
Rossaintin regard to their workflows.
The Technology Centerin Munich,

1[] GEARTECHNOLOGY | July 2020

The machining demonstrations often result in cross-selling
opportunities for workshop equipment. The design of the machine
environment has a decisive effect on production efficiency.

openedin September 2019, has been
equipped with extensive measurement
and testing equipment as well as numer-
ous demonstration and training facili-
ties.in addition to the measuring room
which features a coordinate measur-
ing machine, all conceivable analyti-
cal equipment, from a hardness tester
to a scanning electron microscope, is
available for scientifically examining
the properties of the tool’s structure.
Ultimately, the question is why might
a tool be good or bad? The structure
allows conclusions to be drawn about
the performance and durability of a tool.
“We're notinterested in blind trial and
error,instead we want to take a targeted
approach to development and optimi-
zation,” explains Rossaint. Alongside
laboratory equipment, the Munich
Technology Center also features oper-
ating equipment from the catalogue,
which clearly demonstrates the optimum
way to set up the machine environment.
Programming is carried out with a
CAM programming system. Easier pro-
gramming jobs are completed directly
on the control unit using Millturn PRO,
a proprietary WFL programming edi-
tor. “We also like to use this for spe-
cific tasks,” said Thomas Griinberger, an
expertin machining and additive manu-
facturing. “We want to make really great

[www.geartechnology.com]




show parts with it. With the tool turret
and turning-boring-milling unit alsoin
use at the same time, of course. And we
also have the driven tools on the tool
turret. We want to push the machine to
its limits”

If tolerances are very tight, a
Renishawin-process measuring probe is
also used. A whole range of WFL mea-
suring cycles are available for this.

The Hoffmann Group needed to be
able to test as many different tools and
technologies as possible. It was also
important that newly developed tools
could be representedin the machine.
Another requirement was that the com-
pany’s own software developments
- particularly for tool management -
could beintegrated into the machine and
that they could build upon existing soft-
ware solutions for future developments.
Willingness to work together with the
machine manufacturer is essential here.

“It's a huge advantage to also be able
to test largeinserts without immediately
bringing the machine to its knees. The
highly flexible clamping options mean
that we can also use larger diameters
with ease, to extend the test ever fur-
ther, obtain even more data and carry
it out for a suitable length of time with
a high level of machining performance.
Ultimately, it gives us the means to test
tools more efficiently. With the WFL, we
can now perfectly test HSK-63 turning
tools and thereby optimize our product
portfolio. The B-axis is also a huge plus
during turning, as we have great flex-
ibility for adjusting the entering angle.
When our field sales staff come back
with various customer requests, we can
reproduce practically any situation, from
VDI40 on the tool turret to any toolin
the turning-boring-milling unit at any
possible angle. The milling spindle was
designed for 16,000 rpm, so we are also
well equipped for future requirements,’
said Rossaint.

For more information:
Hoffmann Group

Phone: (844) 448-7725
www.hoffmann-group.com

WEFL Millturn Technologies, Inc.
Phone: (248) 347-9390
www.wifl.at

NUM

SOFTWARE PROVIDES ‘OFFTHE SHELF SOLUTION FOR

NON-CIRCULAR GRINDING

NUM provides manufacturers of CNC
cylindrical grinding machines with an
elegant means of adding non-circular
grinding capabilities to their products
- withoutincurring significant devel-
opment time and cost. Non-circular
grinding is usedin a wide variety of
automated manufacturing applications,

Gearing your past
to power your future.

Breakdown Services

We understand the urgency of meeting
critical deadlines. We offer our customers
expedited services without sacrificing quality.

such as the production of camshafts,
crankshafts, cams and eccentric shafts.
However, it is an extremely complex
task, because the non-circular contour
leads to constantly changing engagement
and movement conditions between the

grinding wheel and the workpiece.
NUM has now added non-circular

Heat Treatment

Our in-house heat treat facility performs a
full range of services that include annealing,
carburizing, and thru hardening.

B&R Machine and Gear tion is a full service

i - . r
EER equipment with reliable able ge

b perform

MACHINE AND GEAR CORP
No matter the gear

VISIT OUR WEBSITE BRGEAR.COM FOR MORE INFORMATION
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grinding functionality to its NUMgrind
cylindrical grinding software, which
forms an application-specific element of
the company’s renowned Flexium+ CNC
platform. It is fully compatible with
other Flexium software, from release
4.1.20.00 onwards.

NUMgrind is specifically designed to
simplify the creation of G code programs
for CNC grinding machines through
the use of a highly intuitive graphical
human machineinterface (HMI), con-
versational-style ‘fillin the blanks’ type
dialogues or a combination of the two.

Unlike conventional CAD/CAM
workstation tools for generating
CNC machine tool control programs,
NUMgrind isintended for usein the
production environment. It enables
shop floor personnel to handle every-
day machining tasks very quickly and
efficiently — and the work can be easily
shared amongst several people and sev-
eral machines.

The NUMgrind HMI can of course
also be run on an office PC. Application-
dependent projects, and the correspond-
ing ISO part programs, can be created,

ROBOTICS * AEROSPACE * DEFENSE * TRANSPORTATION « MEDICAL

When machine failure is not an option,

Spiroid’s skew-axis, high torque
gears enable world-class power

HIGH TORQUE GEARING

density in a small footprint.

Visit online to learn more. SpiroidGearing.com
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tested with NUM’s Flexium 3D simula-
tion software and transferred to the tar-
geted machine.

The operator simply determines the
sequence of the grinding process via the
HMI and enters the necessary data for
the grinding operations, grinding wheels
and dressing operationsin the dialogue
pages. Programming is further simpli-
fied by the fact that the HMI is sup-
ported by a comprehensive library of
predefined shapes, whichincludes eccen-
tric circles, hexagons, pentagons, poly-
gons, Reuleaux triangles and rhombi.
The CNC program is then created com-
pletely automatically and storedin an
executable form.

The closed shape of the workpiece is
definedin the XY plane. However, grind-
ing is performed by interpolating or syn-
chronizing the X axis with the C axis
(workpiece spindle). Axial movementin
the Z axis can also be accommodated,
by means of oscillation or ‘multi-plunge’
The Flexium+ CNC system’s NCK
transforms the contour from the XY
planeinto an XC plane, and calculates
the corresponding compensation andin-
feed movements, taking the grinding
wheel diameterinto account. The speed
profile is also transformed, so that the
speed and acceleration are automatically
adapted to suit the physical attributes of
the machine.

For more information:
NUM

Phone: (630) 505-7722
www.num.com
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Superior
Abrasives

OFFERS SURFACE CONDITIONING
BELTS

Superior Abrasives, LLC introduces Shur-Brite
Surface Conditioning Belts which feature an open
structure to resist overheating, part discoloration,
or loading, to ensure consistent quality over the
belt life, making it ideal for treating large sur-
face areas. With repeatable finishes, Shur-Brite
belts are ideal for large scale robotic applications.
Users can create linear scratch patterns
on stainless steel food equipment, and
blend or re-orient scratch patterns after
repairs. High edge durability and flex-
ibility without chunking, and smear-free
removal of oxidation, paint or adhesives
make them ideal for many manufac-
turing and re-manufacturing environ-
ments. Ideal for a wide variety of mate-
rialsincluding ferrous and non-ferrous
metals, stainless steel, exotic alloys, plas-
tics, and composites.

In narrow or short form, like file
belts, the surface conditioning mate-
rial is manufactured with additional
flex, easily conforming to small con-
tact wheels and narrow areas of the
workpiece. They are ideal for air-
file belt sanders, portable belt sand-
ers, and benchstand belt sanders.
Wide belts utilize a low stretch rein-
forcement, providing stability and
reduced changeover on large, robotic
equipment. Reduced stretching and
high edge retention ensures durability
and consistent performance through-
out use. They generate lower heat
which provides longer service life. McInnes Rolled Rings believes in providing
A variety of Shur-Kut Coated Belt mate- superior service and outstanding quality
rials are also available for more aggres-
sive removal, shaping or finishing of
handheld or stationary workpieces.
For more information:
Superior Abrasives, LLC

Phone: (800) 235-9123
WWW.super/orabraswes.com

products, ensuring the entire sales process is as
easy and as fast as possible for our customers.

When it's seamless, it's McInnes.

MCINNES
D R

ROLLED RINGS
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GWJ Technology

OFFERS DETAILED ONLINE CALCULATION OF PLASTIC

GEARS

GWTJ Technology has updated its web-
based calculation software eAssistant.
The calculation of plastic gears is now
available.

In addition to the common calcu-
lation methods for the load capacity
DIN 3990, ISO 6336 and ANSI/AGMA
2101, the calculation method VDI 2736
for plastic gears was added to the cylin-
drical gear module. The first plastic
materials were added to the general
material database. For this, the temper-
ature-dependent material properties
such as fatigue strength and E-module
were approximated in detail from avail-
able diagramsin VDI 2736 and stored
accordingly. These are used to deter-
mine the material properties for the
calculation of the load capacity using
the tooth root and flank temperatures
automatically calculated according to
VDI 2736.

If the calculated tooth flank and
tooth root temperatures exceed the
maximum operating temperatures of

the plastics, a corresponding warning
is given.

In order to calculate the tooth flank
and tooth root temperature, the user
can modify the housing design, the
heat-dissipating surface as well as the
heat transfer and heat resistance as an
alternative to the automatic default
settings.

Pairings of plastic/plastic as well
as plastic/metal are supported.
Furthermore, metal/metal pairings are
also availablein order to compare cal-
culation methods for metallic gears.
The calculation of load spectra is also
possible for the load capacity calcula-
tion according to VDI 2736.in addi-
tion, “Dry run” was added to the lubri-
cation types for VDI 2736.

For more information:
GWJ Technology

Phone: +49 (0) 531 129 399-0
www.gwj.de
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Helios Gear

INTRODUCES HERA 500
GEAR HOBBING
MACHINE

Helios Gear Products HERA - 50¢
announces the Helios
H N hob-

era 500 CNC gear hob SELIOS

bing machine for the canrpropucTs
North American mar-
ket. This machine, built
by YG Tech, offers gear
manufacturers a versa-
tile vertical gear cutting
solution for medium
to large parts. David
Harroun, vice president of
Helios said, “The Hera 500
suits job shops, gearbox
repair shops, and gearing
for the construction, energy,

and off-highwayindustries due to the wide
range of part sizes and types that manufac-
turers can produce on the machine”

The Hera 500 uses advanced technology
such as FANUC 0i MF CNC, servomotors,
direct-drive work spindle, X-axis linear
scale for accurate repeatable control of size,
automatic retract of X-axis at power fail-
ure, and more. The machine offers safety
features such as electro-mechanical inter-
lock and a splashguard door. Also, the
machin€’s cast iron base provides superior
dampening and stability for extreme cut-
ting conditions. With an affordable price,
proven domestic support from Helios,
and a unique mix of technical capabilities
and optional features, the Hera 500 equips
manufacturers to make profitable gears for
the global market.

Standard features of the Hera 500 include
6 CNC axes (7 with automation), a 12
module (2.11 DP) pitch rating, and rigid
construction for the most demanding jobs.
Additionally, this machine has a radial
travel of 360 mm (14.173in) from 40 mm
(1.5741in) to 400 mm (17.748 in) center
distance between the work and hob axes,
which accommodates a wide range of part
sizes. The Hera 500 also uses long hobs, up
to 260 mm (10.236in) long with shifting
up to 240 mm (9.448in). The machine has
a maximum tailstock position of 820 mm

YUNIL macHiNE
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(32.283in) and a maximum axial travel of
380 mm (14.960in), so manufacturers can
also cut a wide range of part lengths. Thus,
this hobbing platform offers a universal
solution for gear manufacturers.

Operators enjoy the machine’s easy-to-
use dialog programming with visual exam-
ples that guide and accelerate training.
Programmingincludes cutting one or two
gears on a single workpiece using single-
or two-cut cycles with radial, axial, climb,
or conventional hobbing (or any combina-
tion thereof). Additionally, crowning (lead
modification) and automatic shifting over
a damaged hob section areincludedin the
base package.

The YG Tech Co., Ltd., has constructed
gear cutting machine tools since 1963,
and the Hera series startedin 2004, having
grown to hundreds ofinstallations around
the world. Helios Gear Products brings
30+ years of experiencein machines,
tools, engineering, and technical support.
Together, the two companies supply the
Hera line of hobbing machinesin North
America with a proven combination of
technical and engineering support.

For more information:
Helios Gear Products

Phone: (847) 931-4121
www.heliosgearproducts.com

CAS Dataloggers

OFFERS VIBRATION MEASUREMENT SYSTEM

The Delphin vibration measurement
system is highly accurate because it
captures vibration frequencies, phase
changes and amplitudes before analysis
is performed. The Expert Vibro records
time domain data and also calculates
Fast Fourier Transform (FFT) spectral
analysis for frequency domain results.
The Expert Vibro can even control the

shaker through analog or digital outputs
by triggering shut-off procedures, deliv-
ering email notifications, or perform-
ing other tasks if an alarm event occurs
outside of the set points assigned by the
user. Meanwhile configuration and mea-
surement data are shown on the touch-
screen display for added convenience.
The Delphin Expert Vibro solution
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represents a leap in technology because
it provides users with high speed data
acquisition, intelligent signal processing,
analysis functions, local data storage and
versatile communication optionsin a
single device. With continuous sampling
even the smallest of irregularities can be
recorded to theinternal 32 GB data stor-
age capability, making it especially reli-
able and secure.

Using the latest dual-core FPGA pro-
cessor technology for extensive compu-
tations and analysis, the compact Expert
Vibro supports high sampling rates of up
to 50kHz per channel while the 24-Bit
A/D converter ensures high-precision
measurement. All channels have gal-
vanic isolation to prevent transverse dis-
tortions and the analoginputs can accept
voltage or currentinputs, direct IEPE
sensors or digital rotation sensors with
full configuration ability presentin the
ProfiSignal software.

As part of its research and develop-
ment, a manufacturer of cooling and
refrigeration equipment is using an
Expert Vibro system for shaker test
stand measurements. Users acquire data
from multiple synchronous accelerom-
eter sensors and evaluate them using

complete software system for data acqui-
sition, analysis, visualization and auto-
mation. The software is user-friendly
and combines professional functionality
with easy operation.

After data is measured and recorded,
the optional ProfiSignal Vibro module
provides evaluation of the recorded and
real-time data using FFTs, cascade, time
signal and orbit diagrams.

Expert Vibro data loggers can be con-
nected to PCs via LAN or USB or vari-
ous serial standards and Modbus TCP/
IP and ProfiBus can connect to PLC

systems. For large applications multi-
ple Expert devices can be synchronized
to process vibration data from many
channels.

Optional integrated Wi-Fi, GSM,
UMTS or LTE modules are available to
extend the communication options for
remote condition monitoring applica-
tions of operating rotating equipment.
For more information:

CAS Dataloggers

Phone: (800) 956-4437
www.dataloggerinc.com

the ProfiSignal software. ProfiSignal is a

SMW Autoblok recently introduced the SJL 6-jaw (2+2+2)
equalizing and self-centering power chuck.

Ideal for CNC machining applications, the SJL provides the
highest accuracy for thin-walled and deformation-sensitive

16 GEARTECHNOLOGY | July 2020

workpieces. Unique to the SJL is the ability to be switched from
a 2+2+2 lever equalizing chuck to classic 6-jaw self-centering
chuck depending on application requirements.

Utilizing the 2+2+2 lever balance capability provides high
concentricity and axial runout accuracies by ensuring that the
grip force of each jaw set equalize as pairs and are in contact
with the workpiece continuously. This minimizes any deforma-
tions or inaccuracies of raw materials.

The 6-jaw self-centering option provides a concentric clamp
locking plate for all sequential six jaws allowing the chuck to
hold round, machined diameters and thin-walled workpieces
that require equal wall thicknesses.

Specifically designed with centrifugal force compensation, this
feature provides constant gripping force at higher speeds and feeds,
vastly reducing production time. The SJL is Proofline sealed and
interior protected from contamination while providing consistent
lubrication allowing for long maintenance intervals. This advanced
power chuck accepts either tongue and groove or metric serrated
top jaws and is available in sizes from 225-400 mm.

For more information:

SMW Autoblok

Phone: (847) 215-0591
www.smwautoblok.com

[www.geartechnology.com]



Consistent Quality
with Reduced Cost

Resharpening of cutters for both soft cutting and fine finishing can now be fully
automated on Gleason vertical Power Skiving machines, greatly reducing tool
cost-per-piece and helping ensure consistently high quality.

See it
g— in Action
2N ros
! closed loop
N, /
\~-’/

Total Gear Solutions Gleason

© Gleason Corporation. All rights reserved.



The PerfectTime for Power Skiving

Italian gear manufacturer NMetalcastello’s investment in
new Gleason Power Skiving technology gives the com-
pany a strong competitive edge as the world’s industries

gear up for the post-pandemic.

Giulio Santantonio, Sales Manager, Gleason Sales (Italy)

For a global industrial pow-
erhouse like CIE Automotive,
challenging times also mean
new opportunity. With its
recent acquisition of Somaschini,
CIE Automotive’s gear production
combines Somaschini’s two gear
production plants in Italy and one
in Indiana with Metalcastello S.p.a.
in Bologna, Italy and a gear division
based in India. Automotive, indus-
trial vehicle, agricultural, and off-
road vehicle manufacturers all stand
to benefit from the global reach and
synergies that will result —and the
new technologies that Metalcastello
in particular can offer.

A Perfect Time for Power —
Skiving

Metalcastello is a highly respected manufacturer of heavy-duty
transmission gears and shafts used in earth-moving machines,
tractors, and industrial vehicles operating on every continent.
The company’s investment in three new Gleason 600PS Power
Skiving Machines has given it capacity to spare for the produc-
tion of critically important internal ring gears, some as large
as 550 mm in diameter, used in the planetary gear systems of
many of these transmissions — while simultaneously improving
quality from DIN 9 to DIN 7.

18 GEARTECHNOLOGY | July 2020

Three Gleason 600PS Power Skiving Machines have proven to be
four to five times faster than their shaping machine predecessors,
and quality has improved by two DIN classes.

There was nothing wrong with the traditional shaping pro-
cess or the Gleason shaping machines that the company previ-
ously used to produce these gears —unless of course you want
to machine at speeds four to five times faster. When Gleason
demonstrated that the Power Skiving process for this applica-
tion could achieve remarkable gains in productivity and quality,
Metalcastello saw the potential.

Seeing is believing, and Metalcastello managers came away
firm believers in the Gleason Power Skiving process after
Gleason conducted trial machining at its facility in
Ludwigsburg, Germany. There, a Gleason 600PS
was used to machine almost 100 3.5 module, 350
mm diameter, 78-tooth ring gears made of hard
40CrMo4 material — actual customer parts that
were being produced on Metalcastello’s existing
Gleason gear shaping machines. Additionally,
the deburring required on the ring gear’s lower
face —a separate operation typically done oft-
line — was instead performed during the trial
machining by the same cutter used for Power
Skiving and thus requiring no additional work-
piece changeover time. For this operation, Gleason
grinds the backside of the cutter with the required
contour of the workpiece to eliminate the burr.

Ultimately, the 100-part demonstration pro-
duced some impressive results: the 5.20 minute
cycle time for complete machining was some four
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to five times faster than shaping, and profile, lead and division
quality were measured at a highly desirable DIN 7, two classes
better than what was being achieved by shaping. Additionally,
it was determined that a cutter made with G70 high speed steel
and using an advanced AlCroNite® Pro (AICrN) coating pro-
duced the best results vs. a G50 cutter. Some 50 parts were com-
pleted (3,675 m/tooth) with the tool before the end of its useful
life and the need for re-sharpening/re-coating.

Today, Metalcastello is reaping the productivity and quality

Planetary gear systems with ring gears as large as 650 mm in

diameter are a Metalcastello specialty. Gleason Power Skiving has

greatly increased capacity for the production of these important

components, also offering the potential for an economical fine
finishing capability with Hard Power Skiving.

THE PERFECT TIME FOR POWER SKIVING

benefits demonstrated at Gleason with an installation of three
Gleason 600PS Power Skiving Machines. While the Gleason
shaping machines used previously are still producing parts,
Metalcastello now relies heavily on the PS machines to do most
if not all of the gears for these important planetary gear systems
for transmissions. Cycle time improvements were as demon-
strated, and quality levels have been even a class or two better
than what was achieved in Ludwigsburg.

Non-productive time is reduced as well with automated
workpiece load/unload. The Gleason automation consists of a
2-station ring loader and 12-station revolving magazine. Both
are easily adaptable to handle potentially hundreds of different
part numbers with minimal changeover.

The Gleason PS system at Metalcastello also includes the
Gleason 160CPS Cutter Positioning System, which helps opti-
mize the setting of the Power Skiving cutters, but also can be
used to analyze cutter wear through an integrated microscope
and PC. It also comes equipped with an RFID reader, which
allows for the reading of important data from an RFID chip
found in the Gleason Power Skiving cutters.

Finishing with Hard Power Skiving.

While in the past the quality requirements for most, if not all, of
these ring gears did not call for a finishing operation after heat
treat, Metalcastello is now also using these PS machines to per-
form Hard Power Skiving—an economical hard finishing alter-
native to finish grinding. These machines were easily adapted
to perform Hard Power Skiving so Metalcastello could begin
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realizing fine finishing benefits without additional
investment in grinding machines. They are inher-
ently extremely rigid platforms and, with the addi-
tion of stock dividing sensor and the use of carbide
cutting tools designed for the task, can deliver qual-
ity and surface finish levels to meet many fine fin-
ishing requirements.

Metalcastello is indeed an example of how local
Gleason sales support, combined with the Power
Skiving process experts in Ludwigsburg, can part-
ner with innovative companies like Metalcastello
to successfully achieve the enormous productivity
and quality benefits of this exciting technology.

The timing, as they say, is perfect. & Giulio Santantonio is Sales
Manager, Gleason Sales (ltaly)

/About Metalcastello
Headquartered in Castel di Casio, Italy near Bologna,
Metalcastello S.p.a. is a world leader in the production of gears
for mechanical transmissions found in earth-moving equip-
ment, farm tractors, industrial vehicles and naval applications.
The company is part of the CIE Automotive Gears Division
of CIE Automotive Ltd., a major industrial group among the top
100 suppliers competing globally in the components and assem-
blies sector. For more information, visit: www.metalcastello.com. /

. . . . ()
For more information:
Gleason

Phone: (585) 473-1000 at www.geartechnology.com
www.gleason.com
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Supply Chain Management

Users Guide

Matthew Jaster, Senior Editor

First some quick definitions:

Procurement: The process of finding and agreeing to terms,
and acquiring goods, services, or works from an external
source, often via a tendering or competitive bidding process.

Pandemic: A global disease prevalent to a whole country or
the world that can quickly remind gear manufacturers to take a
good, hard look at their data processing, information systems,
management strategies, and machine technology.

Perhaps the second definition isn’'t exactly word-for-word
from Webster’s, but it’s safe to assume that many organizations
learned a lot about their workflow in the last four months. The
new enemy in 2020 isn’t a health crisis, a political circus, or an
ethics debate when we're strictly talking about manufactur-
ing—it’s a battle between being prepared and flying by the seat
of your pants.

Case in point: Organizations that have an intricate supply
chain mapping process in place have probably fared better in
2020 than those that do not. The companies that embrace tech-
nology, get the most out of their software/hardware tools, and
put an emphasis on communication will continue to succeed

Forecasting precision is an essential indicator to help drive
planning in the right direction. Photo courtesy of Ovako.
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no matter what supply chain disruptions occur. We asked a few
suppliers to provide some insight to gear supply chain chal-
lenges during the pandemic.

“Ovako’s specialized BQ- and IQ-Steels are a vital raw mate-
rial for our customers in gear manufacturing, and we have
managed reasonably well in maintaining a continuous supply
to them. One of the main challenges has been in understand-
ing what volumes to plan our production for, as this is critical
to achieve the fine balance between customer satisfaction and
effective cost management,” said G6éran Nystrom, EVP Group
Marketing and Technology, Ovako.

The most difficult part of getting machine-ready blanks into
the hands of more gear manufacturers is awareness and educa-
tion about the solution, according to Ben Belzer, president and
COO at TCI Precision Metals.

“There is a fine line between supply and demand; you either
have too much or not enough. TCI is a value-added materi-
als distributor. As a distribution resource customer intimacy is
important, especially during these uncertain times. Customer
outreach has proven beneficial to maintaining expectations,
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both for customers and for TCI. When things become difficult
communications is important. Consideration and communica-
tion are a two-way street; it is important that both customers
and vendors work together to the mutual benefit of each other
and the end customer;” Belzer said.

“We are fortunate that we have not encountered any mate-
rial supply disruptions, the most difficult aspect has been fore-
casting demand for our product as many customers have been
forced to curtail production as a result of decreased demand,’
said Evan Berlin, market manager, oil and gas, at Dura-Bar.

In the last four months, gear manufacturers and the entire
metalworking industry have been carefully stepping through
uncharted territory.

COVID-19 didn’t wait for the paperwork to go through.
There was no audit or training exercise prior to the entire
planet shutting down. Navigating through a pandemic starts by
“looking within” How can we do better as a supplier of materi-
als to the gear industry? Have we looked at how automation and
data-driven manufacturing can better prepare us for volatile
periods in the future? How can we become more practical and
deliver improvements to our customers down the road?

Putting action plans in place and addressing internal con-
cerns prior to external concerns is how many organizations
have begun the long climb out of all this uncertainty.

“At Ovako, we have taken precautions to limit any spread of
the disease, and we have managed this very well. It is under-
stood by everyone in our business that while we must stay safe,
customer service remains paramount. And in these challenging

—L Steel gears for a gearbox. Photo courtesy of Ovako. l

and unprecedented customers we have been prepared to do
whatever is necessary to maintain our supply chains to meet
customer demands,” Nystrom said.

TCI Precision Metals is considered an essential business and
has remained open throughout the COVID-19 pandemic sup-
plying machine-ready materials to manufacturers, including
companies producing ventilators in response to critical needs.
“Throughout it all TCI has employed strict PPE policies to
ensure a safe workplace environment during these uncertain
times,” Belzer said.

Key areas that TCI Precision Metals has put a greater
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emphasis on in recent months include
flexibility, innovation, a mutual manage-
ment of expectations in the supplier/cus-
tomer relationship, quality that can never
be compromised, and never losing sight
of what the organization is good at.
Dura-Bar has more than 35-million
pounds of gray and ductile bar stock
in inventory and continues to produce
at near-normal rates to ensure it main-
tains inventory levels that meet the
demand — now and in the future.
“Communication has been critical to
our success during this time — we are in
constant communication with our cus-
tomers, machine shops/manufacturers,
and have daily internal operation and
production meetings to guarantee we are
producing enough to support our cus-
tomers when demand increases,” Berlin said.
All the organizations interviewed in this article felt that tech-
nology improvements in recent years have helped weather the
supply chain storm. The “new normal” is allowing companies
to look at the global supply chain from a different perspective.
“By managing remote interactions both between our internal
teams and our customers we are learning to become even more
efficient in the future. Conferencing systems, file sharing and
other digital tools are now a critical element of our business.
It has not just been a question of getting these tools in place,
we have placed a major emphasis on the training and support
that is enabling our employees to use them effectively,” Nystrém
said.
Berlin agreed, stating that Dura-Bar’s recent Oracle imple-
mentation has been extremely valuable during the pandemic.
“We went live with an Oracle implementation just as the cur-
rent situation began to take hold in the U.S. — we are now more
efficient at meeting customer demands, processing invoices,

The entire customer service team

is committed to quality when it

comes to its continuous cast iron bar
stock. Photo courtesy of Dura-Bar.
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TCI: Machine-Ready Gear Blanks from TCI are made to order to near
net shape. They are flat to within +.002" with dimensional tolerances
as close as +.0005". A single PO can determine material, heat treating
or other processes, and the finished blanks arrive deburred, clean,
and packaged to prevent shipping damage, ready to go directly from
receiving into the customers’ machining center.

altering shipments to meet customer needs, even as they change
daily in some instances. In addition to frequent communication
with customers regarding our continued production and opera-
tions,” Berlin said.

During the COVID pandemic, TCI Precision has seen
an increase in special requests, including special handling,
and added processing. “The TCI ERP (Enterprise Resource
Planning) platform is tied to all the company’s business and
manufacturing processes, from the front office to each work cell
on the shop floor. TCI is a build-to-order supplier, with close
tolerance specifications applied not only to the machine-ready
blanks produced, but to every aspect of the customer relation-
ship. When special circumstances arise, technology makes the
request not only possible, but seamless,” Belzer said.

Additionally, because machine-ready blanks are close toler-
ance and dimensionally consistent blank-to-blank, they support
automation such as vacuum workholding, robotic loading and
unloading, and integrated in-process inspection. These are all
areas that will improve lead times and
save on manufacturing costs.

While shop floor technology cer-
tainly helps, the need for remote ser-
vices and advanced networking capa-
bilities has been vital during plant
shutdowns.

“Innovation and finding ways of
doing business has been central to
our approach. We have been particu-
larly successful at handling customer
interactions with modern conferenc-
ing tools,” said Nystrom. “And a good
example of innovation is that we
recently enabled a customer in India
to carry out a virtual quality audit of
one of our mills in Sweden, simply by
using video conferencing on a mobile
phone to enable them to tour the facil-
ity remotely”

The most important question in 2020
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might be, “How can these organizations tighten the connection
between supply and demand for their customers to meet their
needs more effectively now and in the future?”

“This indeed is a million-dollar question. And central to this
is being able to understand the various interactions within the
value chain interaction and gaining transparency of the key
figures across the different handover steps. Forecasting preci-
sion is an essential indicator to help drive planning in the right
direction,” Nystrom said.

“Dura-Bar’s commitment to quality is paramount and our
customer service team has remained diligent in following-up
and working with our customers as some have altered shipping/
receiving hours as well as their operations,” Berlin added. “Our
entire customer service team remains working at normal capac-
ity remotely at all divisions and we carefully coordinate with
our customers to make sure they are fully taken care of and
stress-free when it comes to working with Dura-Bar”

Everyone urges the gear manufacturing community to do the
necessary research when working with a supplier.

“There are several methods of manufacturing gears and in
most cases that decision has been made long before the part
reaches the shop floor. Each method has its own set of pro-
cesses and material requirements before you ever cut tooth one.
At TCI Precision Metals we focus on providing value-added
material specifically for gears manufactured from solid stock,
including aluminum, stainless steel, carbon steel, and many
other alloys,” Belzer said.

Machine-ready blanks for gears, manufactured from solid
material are a lean solution, Belzer added. Blanks can consolidate
processes, eliminate material prep and the associated potential
for bottlenecks, and reduce inventory with just-in-time delivery
of material based on production scheduling. When considering
these time saving variables, manufacturers typically realize an
increase in production throughput of up to 25%.

“As with most sectors of manufacturing, the gear manufac-
turing space will feel the pressure of better, faster, cheaper over
the coming years. OEM customers will demand more capa-
bilities form suppliers with increased productivity, and shorter
lead times. Individual production batches will shrink as manu-
facturers work to become more agile, driven by end customer
demand for greater customization,” Belzer said. (8
For more information:

Dura-Bar

Phone: (800) 227-6455
www.dura-bar.com

Ovako North America Inc.
Phone: (803) 802-1500
www.ovako.com

TCI Precision Metals
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Tciprecision.com
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Gear Blanking Gets Bigger
at Forest City Gear

Forest City Gear is doubling down on its strategy to
produce most of its critical gear blanks in-house by add-
ing new capacity, and capabilities, to its state-of-the-art
8,500 sq. ft. precision gear blanking facility. The facility,
equipped with the latest turning, milling and inspection
equipment, gives the company complete control over
the quality and delivery of the blanks that are the ‘near
net shape’ starting point for the fine- and medium-pitch
cylindrical gears and shafts the company produces. Most
importantly, Forest City Gear has succeeded in elimi-
nating a significant bottleneck in its ‘Make Complete’
value stream and cut turn-around time for blanks from
as many as 12 weeks to as little as one or two. Thats no
mean task given that several dozen different customer
orders are usually in the queue, for gears ranging from %"
to 8" in diameter, shafts up to 16" long — all in lot sizes as
small as one or as many as a thousand.

“We responded to this challenge in typical Forest
City Gear fashion: invest in the best, most productive
equipment for the job,” said Forest City Gear Director
of Operations Jared Lyford. “Case in point: our Mazak
Quick Turn Turning Centers. They give us a multi-
tasking capability so both the critical turning and mill-
ing operations can be done on a single machine in one
setup for shorter lead times and greater accuracy. Most
recently, we've added a Mazak VCN 430A Vertical
Machining Center with the added benefit of a fourth-axis
rotary table that allows us to process numerous parts that
would normally require multiple setups”

The company has also made significant investments in
its parts programming capability in support of its blank-
ing operations — most recently in a CIMCO DNC-Max
client/server, which Lyford said is the ideal solution for
ensuring fast, secure and error-free parts program man-
agement and networking. “This DNC system gives us
complete control over program transfers, reduces the
downtime of having to transfer programs machine to
machine via flash drive and allows all our machines to
download programs at the same time,” Lyford said. “Most
importantly, any program changed by the operator and
sent back to DNC-Max can be automatically raised in
version and/or stored in a quarantine area. This gives us
the ability to track changes and revert to any previous
version if necessary and mitigate risk downstream.

Next up: The addition of five-axis machining to com-
pletely machine products such as gear housings and small
planetary carriers. (&}

For more information:
Forest City Gear

Phone: (815) 623-2168
www.forestcitygear.com
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DIN 06 Meets DIN Q10 —the Need for
Modern Internal Gear Production

Dipl.-Ing.Thomas Kleiber, Senior Specialist Gear Develop-
ment, Schaeffler Technologies AG & Co.

Challenge —Design Space and
NVH

A meaningful discussion about noise is
quite difficult because the impression
of “noise” is quite subjective. Everybody
has a lifetime experience with sound /
noise and sees themselves as an expert.
I carried out such a test with my family
and the results can be seen in Figure 1.
The exterior noise of an airplane makes
just my son “happy,” whereas exterior
and interior engine V8 noise makes me
happy. The only consensus is — “silence
is golden”

b4

Figure 1 Subjective feeling of noise.

E-cars are by nature on a lower NVH-
level, due to the loss of masking ICE
noise and to other components getting in
the focus, e.g. — e-transmissions, power
electronics, e-motors. NVH activities are
necessary because these cars are strongly
picking up market volume. In the year

2030 it is forecasted to have a split of 30%
ICE —40% hybrid — 30 % e-vehicles.

Transmission engineers will do their
best in lowering NVH level, but with
the increase of quality, costs will also go
up. This “trilemma” must be broken by
a compromise between structure-borne
noise, airborne noise and costs.

Figure 3 Trilemma gear design.

Conclusion—Integral
Understanding Required

“DIN Q6-meets-DIN Q10” is probably
not a desirable choice in quality to apply
acoustic modification on a planet gear
(Fig.4). DIN Q6 reflects the current fea-
sibility for the mass production quality

level of planets and DIN Q10 was in the
past a satisfying level for internal gears.
In order to boost the internal gear quality
to a similar level as external gears, several
activities had to occur; it was essential
to go into every production step — from
raw material to the final parts —includ-
ing feasibilities and their interaction. QA
inspection methods had to be developed
to do precise predictions on an expected
NVH level.

It proved that a very high knowledge
throughout the entire production is
mandatory.

Gear Quality— Basics of Quality
Classes

Transmission gear noise is influenced by
several failures as geometrical deviations,
gear tolerances, surface roughness or sur-
face mapping. This report will focus on
the gear tolerances.

Noise is always linked with dynam-
ics, meaning that there must be a kind
of speed which results in alternations,
e.g.—due to driving style, imperfection
of parts or alternation of power input.
A gear at the input shaft faces speeds
up to 20,000 rpm and the accumulated
number of revolutions during service
life pile up to 1 billion revolutions. The

A rrer

uf
o

&
\}

External Gears
DIN Quality Class| s

—
———————

Internal Gears

DIN Quality Class

Figure2 Market development 2030.

Figure 4

Imbalance of quality.

This paper was first presented at the International VDI Conference on Gears 2019, 3rd International Conference on High Performance Plastic Gears 2019, 3rd International

Conference on Gear Production 2019, Garching/Munich (VDI-Berichte 2355, 2019, VDI Verlag GmbH, Pages 415 - 424
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circumferential speed goes up to 50 m/s.
The differential case/final drive gear has
a speed of up to 2rpm and the accumu-
lated number of revolutions is around
100 million. This number equals a mile-
age of about 200,000 to 250,000 km. The
speed inside of a differential is much
lower, and if no type is losing contact to
street, the delta speed between both out-
put sides is less than 50 rpm. In case of
u-split test (icy/snowy road), it can go up
to 500 rpm.

Rotational speed is linked with a rec-
ommended quality level of gears. High
speed requires lower DIN Q-classes
(less deviations, fine quality) so that the

incoming gear should be, for example,
in DIN Q5-to-Q6. Due to gear ratio and
lower rotational speed, the final drive
is sufficiently designed at DIN Q7.
Differential gears due to static or low fre-
quency meshing come up with higher
DIN Q-classes (more deviations, coarse
quality).

The link between the different toler-
ance classes is done by a geometrical
series (Fig.8); this definition helps to
quantify the quality independently from
size, width, module and helix angle.

It is easier when the number
of the geometrical series is trans-
ferred to an x-y plot; the plot shows

that an elevation of two quality classes
results in doubling the tolerance; a dif-
ference of 4 quality classes quadruple the
tolerance.

The diagram (Fig.9) shows impres-
sively the difference between a DIN-Q6
planet with a DIN-Q10 ring gear in each
failure mode.

The imbalance is large for all gear fail-
ures and is usually between factor 4 and 5.

Switching the ring gear to quality DIN
Q8 results in a much better balancing
for the failure modes, so that now the
given deviations for the ring gear are only
between 2 and 2.5 times higher than the
deviations of the planet gear.

@llalol[# Geometrical @llalol[#

l<llL]7]l@ i l<llL]7]l@
[ ) Jr . &ar [ ) Jr .

i I Tolerances / l

=] * i

_ R Roughness _ R,
Vil o Vil

Geometrical
Tolerances

Gear
Tolerances

Roughness

Surface
Mapping

Figure 5 Origin of noise.

Figure 6 Transmission speed and cumulated revolutions.
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Figure 7 Speed and quality classes.

Figure 8 Relative comparison of quality classes.
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Figure 9 Lead angle error for Q6 planet and Q10 internal gear.

Figure 10 Gear error Q6 and Q10.
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DIN Q8 for ring gears requires a highly
sophisticated production process with
robust quality monitoring and good sta-
bility after tool reworking operations.

With high-end machining processes,
the quality level can be further enhanced.
This can be seen especially in the single
pitch error fp. On the negative side there
is a larger total pitch error for Fp and Fr.

Higher deviations/DIN-Q classes for
ring gears derive from the gear geometry
itself affecting machining / heat treat-
ment/clamping etc. This is not surprising

because a DIN-quality system does not
distinguish between external and internal
gears. External gears usually come with
a more rigid structure or part design,
whereas the internal gears are designed
as thin rings with high elasticity and large
internal diameter due to gearbox design
with high power density. The raw mate-
rial, heat treatment, gear outside diam-
eter and clamping jigs have higher impact
on total errors as Fr, Fp or OBD (on-
board diagnostics) span for internal gears
with thin rims. But, in general, increased

—
Profile / Flank /
/s |
Angle Angle
Error Error
Form Form
Error Error
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Error Error
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Figure 13  Options to tune quality.

deviations for Fr, Fp or OBD span do not
have to directly result in increased gear
mesh excitation and noise.

Different errors of internal gears can be
improved by optimizing the machining
process, e.g.— tool optimization; proper
machine type and machine setting; opti-
mal raw part before machining (residual
stresses due to forging); clamping jig; heat
treatment (distortions), etc. (Fig. 13).

The data in Figure 12 now looks more
satisfying, but a general gear inspec-
tion report does not provide a clear link
to NVH topics. Acoustic testing of the
whole transmission system in the car
(Fig. 14) (anechoic chamber/dedicated
measuring equipment) must be done
with respect to correlation between
NVH behavior of the car and the geo-
metric deviations/gear quality of each
geared part. The transfer path internal
gear, planetary gear set transmission, axle
transmission assembly, car and finally
to driver’s ear is quite long, and testing
is time- and cost-consuming. Inspecting
each geared part by 3-D coordinate mea-
suring is desirable for every gear expert,
but horrible due to costs and effort in
gear measurement. Cost-effective mea-

surement methods like double or sin-
gle flank inspection are in focus when it
comes to create correlations between gear
quality and NVH behavior of the whole
system.

These simple inspection methods
then can be used to prevent added-value
in case of insufficient NVH quality.
Schaeffler is a large global player in auto-
motive engineering, with a lot of experi-
ence in bearing quality inspections. Gear
quality inspection is in this case highly

Figure 14 NVH analysis.
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Figure 15 Double flank inspection.

In some points bearings and gears are
quite similar — especially when getting to
the point of inspecting waviness effects.
Here Schaeffler found large similarity
between transmission error, accelerations
and noise.

The double flank inspection (Fig. 15)
is a standard device to inspect gear qual-
ity. It is, compared to 3-D gear inspec-
tion machines and single flank inspec-
tor, inexpensive, fast and robust; the key
point is the FFT analysis. By using raw
data of the double flank inspection for a
post-processing transferring, time-based
signals into frequency-based deviation
analysis on each part, it is easy to distin-
guish poor and good gear production and
to have a much deeper look into machine
properties (Fig.16). Deviations or reso-
nance effects, e.g. —during the machin-
ing process — will directly lead to peri-
odic deviations in quality which will be
directly highlighted to the quality inspec-
tor by FFT analysis. On the left side, there
is a manufacturing with production diffi-
culties in mode 7 and between 16 and 20;
parts are exceeding the first design level
NVH line “SAG-2FI-X00.” The right side
shows an optimized production which
stays everywhere below the acceptance

amplitude
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3 10

mode[1]

100 3
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f

Figure 16 Good and poor internal gear quality.
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Figure 17 dB noise level after double flank inspection.
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Figure 18 Comprehensive understanding.

criteria.

An additional view was created to sup-
port NVH criticality rating. Several tests
proved that this method has good cor-
relation with cost- and time-consum-
ing NVH testing in an anechoic cham-
ber. Schaeffler is now able to express part
NVH severity before it goes into addi-
tional value-add production steps.

Manufacturing

There are many methods and processes
for manufacturing of internal gears, and
there is no royal road to the best “no
NVH” gear. Several developments over
the last years revealed that surprisingly
many processes and process combina-
tions can pave the road to the best com-
promise (cost <> NVH). The saying “Do
the right thing, right!” are indeed words

of wisdom. It goes without saying that
the “compromise” is very much driven by
the short development time in e-mobility
and still the small and medium volume
of parts.

NVH is one of the results in overall
system performance with lots of influ-
ences like transfer path, structural res-
onance behavior and noise excitation.
Regarding the gear mesh excitation for
some parameters in gear geometry, there
is a trace to its source in soft machining
or even before (Fig. 18). A comprehensive
understanding is the road to success. The
comprehensive understanding requires
a data mining concept (Fig.19) which
gathers all the information in the parts
life cycle, e.g. — data of the raw mate-
rial, information of the forging process,
heat treatment parameters, machining
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information, measurement results of

Manufacturing Strategie Component Inspection
gear geometry after each process step Purchasing etc.
in gear production and creates the abil- | 1] - L Y - ; 7
ity of comparing them to NVH behavior T | P2
of the overall system (car, gearbox on S @

test rig etc.). Significant parameters — or
even groups of parameters — can be high-
lighted and optimized due to better NVH -
performance. On the other hand, robust '
parameter groups can be used to opti- b e ._f L brce »‘}ﬂ: =
mize gear machining and production b
processes due to costs and efficiency. (8}

Quality Assurance

For more information.

Questions or comments regarding this
paper? Contact Thomas Kleiber at kleibtom@
schaeffler.com.

Figure 19 Data mining as one key to optimize NVH and process efficiency.
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High Traction Differentials

Dr. Hermann J. Stadtfeld

How a ratio change can improve traction. The schematic
graphic (Fig. 1) shows an unrolled differential with the planetary
pinion in the center and the side gears left and right. Forward
driving is accomplished in this model by moving all three gears
from their top position in Figure 1 to the middle position and
down to the lower position. In case of good traction, this is hap-
pening without any relative rotation of the three shown differen-
tial gears. In case the left wheel (which is connected to the left-
side gear) slips, then in the model the left-side gear will rotate
clockwise, while the unit moves downwards in the graphic. This
will cause a counterclockwise rotation of the planetary pinion
while it rotates together with the differential carrier around the
axis of the two side gears.

In the model this means the right-side gear rotates clockwise
with the same speed as the carrier does. The carrier rotation
adds to the left-side gear rotation, which makes the left wheel of
the vehicle spin with twice the rpm of the carrier. On the right
side, the carrier speed offsets the right-side gear speed, such that
the right wheel is not rotating at all. The vehicle is stuck, with no
torque on the right-side wheel and no traction on the left-side
wheel.

In the high-traction differential, the ratio between the

Planetary Pinion
Center Roll

Left Side
Gear Center
Roll o

Center Roll Left |
| Planetary Pinion Slot

Right Side
Gear Center

Figure 1 Principle of ratio change, from bottom to top.

planetary pinion and the side gears changes as a rotation like
described happens. The rotation shown in the graphic from bot-
tom to top moves the line of action from a small radius R,* in
the right-side gear and a large radius R,* in the planetary pinion,
to an increasing radius of the right-side gear and a decreasing
radius of the planetary pinion. At the middle graphic, the line
of action crosses the pitch line at the center distance line, which
splits the center distance exactly in the two pitch radii. This
means the ratio is equal to the division of the number of teeth of
the sun gear and the planetary pinion (also: ratio=Ry/R,). The
ratio in the bottom graphic is smaller and the ratio in the top
graphic is larger due to the line of action shift. The engagement
between the planetary pinion and the left-side gear behaves in
the opposite way, which squares the ratio increase factor from
bottom to top.

In the case of a differential with involute teeth (constant
ratio), the contact force, which was reduced by the free spinning
left wheel, will first reduce and then eliminate the traction of the
right wheel. The high- traction design will, in the case of a left-
wheel traction loss, instantly increase the ratio, which acceler-
ates the left wheel. The acceleration causes a reaction torque in
forward driving direction on the non-rotating right wheel. In
other words, at the instant the planetary pinion reduces the con-
tact force to the right-side gear, the ratio change will compen-
sate this due to the increase of the lever arm R,** and “inject” a
torque spike to the right wheel.

Of course, after one tooth mesh the sequence starts at the
bottom of the graphic again. So what happens now? Nothing
to worry about, in the contrary! At first, the ratio becomes low,
which reduces the speed of the left wheel, such that the accel-
eration cycle can begin again, and the next torque spike to the
right wheel in driving direction, can be generated. As long as
the spinning wheel has some friction contact, the speed reduc-
tion of the spinning wheel by the ratio change will only prepare
the differential for the generation of the next torque spike to the
wheel with traction. The kinetic energy, stored the rotating dif-
ferential carrier and the spinning wheel will remain nearly con-
stant, while part of this energy is shifted between the spinning
wheel and the differential carrier — without influencing trans-
mission or engine of the vehicle.

One complete cycle of the sequence (Fig.1) only lasts a frac-
tion of a second, which is why the unit constantly provides
torque impulses to the wheel which has traction, while the other
wheel spins free.

The high-traction differential works like a reverse ABS. It
gives active torque impulses, not just passive break application,
like most electronic traction control systems.

The solution. A ratio factor fr1,,=x/ y is defined. This is the
maximal change of the ratio from the pitch circle to the top of
the sun gear. A second ratio factor fr .. represents the maximal

(The following is another chapter from Dr. Hermann J. Stadtfeld’s new book, Practical Gear Technology, part of an ongoing series of installments excerpted from the book.

Designed for easy understanding and supported with helpful illustrations and graphic material, the e-book can be accessed for free at Gleason.com)
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change from the pitch line of the sun gear [}
to its T0Ot. fr-root 1S 1/fr-10p-

Y1, is the factor; the effective gear radius
has to change from pitch to top >

Rejf-Top = Rpitch» YTop~ 4
Yroo is the factor; the effective gear radius
has to change from pitch to root >

Reff-Roor = RPitch * YRoot
X1, is the factor; the effective pinion
radius has to change from pitch to top >
Reﬁ‘-Tap = Ropitch "XTop
Xroot 1s the factor; the effective pinion

radius has to change from pitch to root->
Reff-Raot = Rpitew X oot

In the manufacturing straight bevel gear
generator, the cutter cone distance is basically equal to the mean
cone distance, which is Ry. If the effective radius of the gear has
to change, while Ry remains constant, then this can be accom-
plished with a ratio of roll change.

It is at the center of roll:

RA =R/ Ryork (1)

delivers in the center of roll position the predetermined
RA=RA0

It should be realized at the gear top:

RAGeur—Tup = RM/(RWurk * YTop) =RA0/ YTup (2)
It should be realized at the gear root:
RAGear-root= RM/(RWark *YRuot) =RA0/ Ygoot 3)

This provides sufficient information to construct the graph
(Fig.2); RA versus Aq or AW. Because of the difference between
center of roll to top roll, and center of roll to bottom roll the
graph (Fig.2) is nonlinear. From its characteristic, a third order
function is chosen in order to adequately approximate the
graph.

RA=a+bAW+cD-W?+dAW? (4)

The following boundary conditions are utilized to define the
four coefficients in the RA equation:

AW=0=>a=RA=RA0 (5)
horizontal tangent at center of roll:
RA’=0at-W=0=>RA’=b+2cAW+3dAW?=>b=0 (6)

at the root roll position:

AW=AWE ... delta root roll angle

at the top roll position:

AW=AWA ... delta top roll angle

Formulae (1) through (6) deliver the required coefficients.
Now a coefficient comparison between formula (Ref.4) and the
Gleason modified roll formula will compute the machine basic
setting modified roll coefficients.

Since Coniflex uses different basic settings and a sign change
in the roll positions between the two flanks of one slot, the coef-
ficients are calculated independently for the upper and lower
Coniflex cutting.

In the pinion, the RA values have to be calculated separately
using the X factor and the pinion RAO.

The application of the high-traction principle. The ratio fac-
tor fr can be defined to realize the desired ratio change. In the
Rockwell paper “High Traction Differential” from 1969 a theo-
retical value of 24% ratio change was used for the explanation.

Figure 2 Coast side ratio change along roll positions.

Developments in 1970 have shown that such a large change
causes pointed topland on the gear member and severe undercut
on the pinion member.

The developments, tests and optimizations during the years
of high-traction applications, a standard of 15% ratio change
between top and bottom roll position was found best-suitable,
not only regarding tooth form but also regarding the function of
the differential. Higher values showed unacceptably high tooth
mesh impact, which eventually could cause unit failure due to
tooth fracture.
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Figure 3 Ease-Off and TCA of regular straight bevel gear design.

Standard top ratio factor: FR,,=0.93
Standard root ratio factor: FR,,=1/FR,,=1.0753
Overall ratio fluctuation factor: FRyy,=1.15=>15%

The TCA of a Coniflex example as baseline is shown (Fig. 3).
The simulation result of the ratio change between pinion and
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profile is a “textbook-like” duplication
of the desired effect. The first derivative
of the motion graph is the ratio mod-
ification (a fourth-order becomes a
third-order).

It is remarkable that the tooth contact
pattern still exists and a rolling without hard
contact or interference lines occurs. The

| } fuzzy left and right borders of the tooth
contact can be explained by the dramatic
Ease-Off and the numeric difficulties of the
program algorithms to handle this complex
tooth profile. However, it is expected that
real machined high-traction differentials

Figure 4 Coast (top) and drive side (bottom) ratio change along roll positions.

gear is plotted (Fig.4). The 2 ratio graphs resemble exactly the
desired characteristic.

A TCA of the same Coniflex gearset but now with high-trac-
tion profile by means of fourth-order modified roll is shown
(Fig.5). The Ease-Off topography shows a fourth-order function
in profile. This is the world’s first analytic tooth contact analy-
sis ever made from a high-traction tooth profile. The Ease-Off
shows a “Wildhaber-Novikov”-style shape. However, in case of
Wildhaber-Novikov gearing, the modification of both interact-
ing profiles will cancel in the interaction and result in constant
transmission ratio. Here, two opposite modification curves
result in an Ease-Off that shows the interaction between the two
modified profiles as a W-shape.

The W-shaped Ease-Off is exactly as it was expected. The
motion errors in Figures 3 and 4 also show that the modified
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Figure 5 Ease-Off and TCA of high-traction design.
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show some of this fuzzy appearance before
the surfaces are broken in.

Practical results. The photograph (Fig. 6) shows a 7x12-tooth
high-traction differential development, which is the subject of
the discussions in this section. The teeth are coarse with respect
to the size of the gears with a large whole depth of the teeth.
This is required in order to provide sufficient profile depth for
the functionality of the high-traction involute modulation.

Figure 7 shows on top the calculated motion transmission
result of a 7x12-tooth differential (2Nm gear torque simulated).
The graphic underneath shows the motion graph as it was mea-

Figure 6 Practical example of a high-traction differential gear set.

sured on a single flank tester under 60rpm pinion speed and a
gear torque of also 2Nm. Between the intersecting points of the
calculated motion (top) and the lower peaks of the graph, the
displacement is 6,160 prad. The lower graphic shows a displace-
ment of only 4,000 prad and the center peak of the calculated
graph is smoothed out. The characteristic of both graphs, cal-
culated and real measurement are very similar. This differential
was manufactured applying the third-order function discussed
in section “Solution”

The ratio change has been calculated by deriving the trans-
mission graph according to gear roll angle. The result is shown
in the two diagrams (Fig.8, top). The first diagram is calculated
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considering load-affected surface deflections for a gear torque of
50Nm. The diagram underneath was calculated for a very low
gear torque of 2Nm. Low load seemed to cause more numeri-
cal instability of the calculations and lead to peaks. Random
appearing peaks are caused by applying a derivative to a func-
tion which already contains waves and peaks. However, the red,
S-shaped curve, or the straight line might reasonably represent
the ideal form of the graph. The positive and negative ampli-
tudes multiplied with the scaling factor of 0.02 result in a 7.6%
ratio change along one tooth mesh. The desired ratio, due to 2
gear meshes, will be 1.076*=1.15, equal 15%.

The bottom graphic (Fig.8) shows the angular velocity
change. This numerical derivation was conducted from the
measured single-flank data. The waviness of the climbing graph
stems from the derivation of an already slightly wavy single-
flank curve. Also here an S-shaped curve and a straight line
were used to imply a realistic approximation of the graph. The
magnitude of change is AW=235,000 urad/sec i.e.—0.235rad/
sec. The angular velocity of the gear during the measurement
was pinion 2m.rpm/(ratio-60) = 3.665 [rad/sec].

The maximal ratio change is calculated as:

Aw/w=0.235/3.665=0.064, which is equivalent with 6.4%
ratio change

The transmission of torque from the spinning wheel to the
wheel with traction involves 2 tooth meshes — from the second-
side gear to the pinion to the first-side gear. As such, the total
ratio change is the square of the ratio factor (1.064):

Total ratio change=1.064>=1.13, which is equivalent to 13%
total ratio change.

High-traction kinematics. The case of traction on one wheel,
represented by the locked lower side gear (Fig.9) will cause a
rotation of twice the speed of the upper-side gear, which slips in
the present example. The pinion has to be shifted horizontally
in order to generate realistic motions in the model. The lower
tooth mesh moves the contact on the lower side gear tooth
from root to top (gear drives pinion). This is equal to a reverse
execution of the velocity change in the bottom graph (Fig.8);
in other words, it is attempted to reduce the velocity of the side
gear. Since this is not possible, the pinion velocity in turn will
be increased (acceleration). In the case of the upper mesh in
Figure 9, the pinion drives the gear, where the tooth contact
of the upper-side gear moves from top to root. This is consis-
tent with an execution of the velocity graph at the bottom of

Figure 8, from left to right.

Subsequently, this causes a speed increase of the upper side
gear (acceleration). The addition of the accelerations caused
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Figure 9 High-traction function, part 1.

from the lower and upper tooth mesh multiplied with the iner-
tia of the free spinning drive shaft and wheel creates a reaction
force F,. This reaction force F, plus a small force (from accel-
erating the differential pinion) will be generated in order to
establish equilibrium in the differential unit. This reaction force
F, (Fig.10) at the bottom only lasts a fraction of one second. It
is an active torque impulse, which is applied to the wheel with
traction and causes a small vehicle movement.

As the unit keeps rotating and reaches the highest speed
increase, the speed graph drops down and the speed increase
repeats. The drop down will not cause a deceleration (negative
force), but only eliminate the force for some milliseconds.

Final Remarks

High relative motion occurs in a differential only if one wheel
spins free. Driving through curves only causes moderate rela-
tive motions. In case of high relative motion (like rolling the
gearset on a roll tester) the high-traction differential causes cer-
tain vibration. Such a situation only happens in cases of traction
loss of one wheel. Only then are the impulses in the tooth mesh
detectable and lead to increased noise emission.

The high-traction differentials manufactured in the past had
been machined on two tool generators. The third-order, modi-
fied ratio of roll that was applied as a roll cam modification
might have arrived at the flank surfaces. However, in older
machines with the typical generating flats, it is questionable if the
2 inflection points and the horizontal tangent at the pitch line
of the high-traction modulation really arrived at the flank sur-
faces. So, when high-traction differentials were tested in the past
and showed noisy and rough rolling on the roll tester, this was
the only proof of a successful high-traction development. What
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Figure 10 High-traction function, part 2.

a proof, considering the fact that a straight bevel gear set with
a pressure angle error in one member also rumbles in the roll
tester. There was no precise method of manufacturing high-trac-
tion differentials and no way to perform surface measurement
against a theoretical master. In other words, the high-traction
differentials of the past were “watered down” versions of what
the inventors originally intended. Many of the high-traction
differential gears have been converted to forging, where the die
masters had been machined with 30-year-old two-tool genera-
tors. This was diminishing something that was already dimin-
ished and not much of the originally intended function was left.
The new method shown in this report allows to utilize a dry,
high-speed carbide cutting process (PowerCutting) on mod-
ern CNC Phoenix free-form machines. The process is called
ConiflexPlus and utilizes peripheral carbide stick blade cutters
with Pentac blades. The curved root line versus the two-tool
geometry can be minimized if a 15" cutter diameter is chosen.
Surface finish and accuracy are high and AGMA quality 11 is
standard. The manufactured gears can be measured against
nominal flank surfaces, predetermined by the Coniflex analysis
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software. Also, correction and a closed loop environment is a
standard feature available for the new generation of high-trac-
tion differential gears. Today high-traction gears show their full
potential. Compared to their predecessors, made on mechani-
cal machines or forged, the new high-traction differential runs
much smoother, with little noise, and their traction enhance-
ment is excellent. (&}
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Influence of Planet Carrier Misalignments
on the Operational Behavior of Planetary

Gearboxes

Prof. Dr.-Ing. Christian Brecher, Dr.-Ing. Dipl.-Wirt.-Ing.

Christoph Lopenhaus and JulianTheling M.Sc.

Introduction and Motivation

The measurement results as well as
the analysis of the present paper have
been generated in the context of a proj-
ect funded by the Federal Ministry of
Economic Affairs and Energy (BMWi)
with the title “Loads on the drive compo-
nents of wind turbines” (FKZ 0325799).
The main objective of the project is the
further improvement of the validity of
today’s simulation models by means of
the first large-scale validation by means
of a wind turbine. In the long term, this
should enable the systematic optimiza-
tion of the function and reliability of the
electromechanical drive-train of wind
turbines (Ref. 2).

The test object is a 2.7 MW wind tur-
bine modified in cooperation with the
project partners, cf. (Fig.1). It is driven
via a 4 MW direct drive, which provides a
maximum torque of 3.4 MNm starting at a
rotational speed of 4rpm, thus eliminating
the need for an additional gearbox on the
input side. A non-torque load unit (NTL)
is installed next to the drive motor. This
enables the test nacelle to be loaded in the
remaining five degrees of freedom. Thus,
it is possible to simulate bending moments
and forces of external wind loads and to
apply them to the test drive train even in
dynamic conditions. The gearbox has the
same design and macro geometry as a
Winergy wind turbine gearbox. The micro
geometry of the gears was redesigned so
that all geometry parameters of the gears
are known (Ref. 3).

One sub objective of the project is to
identify the influence of external loads
caused by the wind-field and electrical
grid on the loading of drive train com-
ponents. External loads caused by differ-
ent wind conditions result into bending
moments and forces on the input shaft of
the nacelle, which lead to deformations

and misalignments in the gearbox. The
input forces and bending moments can be
simulated aerodynamically and applied on
the input shaft by means of the NTL.

In the test gearbox consisting out of a
planetary gear stage and two cylindrical
gear stages approximately 150 sensors are
applied, in order to measure for example
the misalignment and the effect of the
misalignment on the component load-
ing. Therefore, position sensors as well as
strain gauges in the tooth root of the sun
and ring gear are applied. Furthermore,
the rotational position of every shaft as
well as the deviation of the whole housing
are measured.

Shaft Misalignments in
Cylindrical and Planetary
Gearboxes

Similar to cylindrical gears, shaft mis-
alignments in planetary gearboxes result
amongst other influences from manu-
facturing tolerances and load-dependent
deformations of the shaft-bearing sys-
tem. The loads that lead to this defor-
mation can be either external loads
from surrounding elements or internal

— Measurement Setup

Measurement of carrier and
housing displacement

Project Objective
® Improvement of the validity of simulation models by means of a
large scale validation

® Characterization of the system behavior and the influence of
external loads and the loading of components

loads resulting out of the radial, axial
and tangential components of the gear
mesh forces. Due to the trend towards
higher power densities, the internal loads
increase, while at the same time thinner
and thus generally less stiff surrounding
structures are used (Ref.9). As a result,
higher deformations and thus also higher
shaft misalignments are to be expected in
the future.

Shaft misalignments always occur
when the rotary axes of one or more
gears deviate from the ideal position e.g.
due to deformation or assembly toler-
ances, cf. (Fig.2). A distinction can be
made between parallel displacements of
the axes, which result in a center distance
deviation and angular misalignments.
Regarding involute gears, the effect of
angular misalignments is typically more
important. Angular misalignments can
be distinguished in terms of inclination
and skew. An axis skew corresponds to
a rotation of the axis in relation to each
other about the axes connecting line. An
axis inclination exists when the axes of
the gears are rotated in the plane defined
by those axes in misaligned condition

Figure 1 Test setup and objective.

D WZL
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and thus intersect each other. According
to Wittke, both components of angu-
lar misalignments can be summed up
into a resulting lead angle deviation fy3
(Ref. 16). The lead angle deviation can be
calculated by means of the pressure angle
at the operating pitch diameter «a,,as well
as the inclination or skew angle (Ref. 16).

The misalignments occurring with cylin-
drical gears can in principle be transferred
to planetary gears. Due to the existing kine-
matics and the loads of the individual ele-
ments, other types of misalignment can
occur which can also have different local
effects on the gear mesh (Ref. 11).

Simple planetary gearboxes consist of
the central elements sun gear, ring gear
and planet carrier, as well as usually
three or more planets (Fig.2). Due to
the arrangement, each gear has several
meshes. The load on the surroundings,
i.e. — the shafts, bearings and carriers,
results from the superposition of the gear
loads from the individual meshes. The
sun gear is often mounted in an adjust-
able manner via a spline-tooth coupling
or spherical roller bearing in order to
find an ideal position for itself on the
basis of the individual force components.
The aim is to transfer the load as evenly
as possible to all planets. A displacement
is therefore intended and desired at the
sun wheel (Ref.1). Ring gears are mainly
designed as housing elements; misalign-
ment of the ring gear is therefore strongly
dependent on the misalignment of the
housing (Ref. 13).

The planet gear is in contact with the
ring and sun gear. The tangential tooth
forces of the planet point in the same
direction due to the flank change and
have the same magnitude due to the
torque compensation and the equal base
diameter. In the case of helical gears, in
addition to radial and tangential forces,
axial forces also occur. In the ring gear
mesh and sun gear mesh of the planet,
the axial forces are directed in the oppo-
site direction and balance each other
out. The force acting points of the two
meshes are located in different areas of
the planet, as a result of which an axial
bending moment is applied. This must
be balanced by the planet bearing and the
planet pin.

The planet carrier has a significant
influence on the deformation within
planetary gearboxes. The tangential

r Misalignment

r Inclination

o
> flm
=]
Bearing E '
Shaft :
® Machining tolerances
m Assembly tolerances - - I
m Stifness . Oy
m Clearance -
o - o itanpxb
® Positioning B -
m External loads
Figure 2 Shaft misalignments in cylindrical gears. P

distribution

® Misalignment on purpose

- Ring gear

m Often part of the housing

= Misalignment due to housing
deflection

r Sun gear — Carrier/Planets
Fas. Ring
MBK Planet
® Moveable to optimize load "

-

-

m ,S" shaped shaft
deformation

m Inclination of the
gear mesh

Figure 3 Misalignments in planetary gear stages.

r Planet axis deformation ——

fiag [

r Planet carrier torsion

m Unequally = Dispalcement
displacement of dependent on
support flange carrier position

m Skew

@W2ZL
— Carrier displacement
40 |
E 20 .=
= > »
E 20 17 S~

0 180 360 0 180 360
— 30 __lInclination _ - 1 Inclination — fg Inclination
E g N 5 ~
S E E
0 |
0 180 360 0 180 360 0 180 360
o Carrier [] o Carrier [7] o Carrier [7]
- == Sun Ring ——— Sun Ring - - = Sun Ring
Figure 4 Effect of misalignments on the gear mesh conditions. ®WzL

forces of the individual planetary gears
are supported at the carrier and thus gen-
erate the carrier torque (Ref.15). Due
to the one-sided torque transmission at
the carrier shaft, the torsional moment
varies in magnitude over the face width.
Furthermore, the carrier wall facing away
from the carrier shaft has a lower tor-
sional stiffness due to the bar-shaped

connection. The effect is a twisting of the
two carrier walls in relation to each other
and thus a misalignment of the planet
shaft mounted in the carrier walls. Like
the planets, the carrier is free of radial
and axial forces. An additional displace-
ment of the carrier caused by mesh forces
is therefore unlikely. External loads such
as the weight force or forces acting from
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connecting components of the carrier
shaft, such as rotors in wind turbines,
are therefore the main cause of misalign-
ment. Other influencing factors are bear-
ing clearance and tolerances as well as
manufacturing and assembly deviations.

In Figure 4 the effect of the different
misalignments on the resulting lead angle
deviation and therefore meshing condi-
tions is presented. Therefore, tolerances
of the shaft-hub connections are ana-
lyzed and transformed into a resulting
lead angle deviation according to Wittke
(Ref. 16). The selected displacements rep-
resent the characteristic displacements
of planetary gears: “S-Shape” due to the
bending moment of the axial forces on
the planet; planetary displacements due
to different twisting of the carrier walls
and a misalignment of the carrier due
to external loads or misalignment of the
housing.

The planetary axis misalignment due
to axial forces of the planet causes a pure
inclination of the planet, since the axis of
rotation of the tilting is perpendicular to
the axis connection line of sun and planet
(Fig. 4); the carrier position shows no
influence.

A similar effect is caused by the plane-
tary displacement due to a different twist-
ing of the carrier walls. The displacement
takes place in the tangential direction. In
contrast to the planetary axis misalign-
ment, a pure skew is present; there is also
no dependence on the carrier position.
Due to the mathematical transformation
of the angular misalignment on the gear
mesh via the sine of the pressure angle
at inclination and the cosine at skew, the
skew has a bigger influence for the same
angular misalignment.

Carrier misalignments result in a com-
ponent of inclination and skew. The

® Taking into account time variable misalignments

inclination and skew curves are phase-
shifted by exactly a quarter rotation of the
carrier. Due to the different influence of
inclination and skew on the gear mesh,
the resulting lead angle deviation is not
constant. Planet carrier misalignments
are comparable to a wobble in cylindri-
cal gears. The amplitude of the lead angle
deviation depends on the rotation angle
of the carrier. For the carrier positions
90° and 270°, there are only inclination
effects — for 0° or 360° and 180° only
skew.

Objective and Approach

The objective of this report is to describe
the effects caused by misalignments in
planetary gearboxes and take them into
account during the optimization and
design process. Therefore, measure-
ment data of the FVA nacelle has to be
evaluated with respect to misalignments
and their influence on the loading of
the gears. In order to achieve a balanced
design, both the load on the tooth flanks
and the excitation behavior have to be
included in the design process. In order
to achieve the objective, four sub-objec-
tives have to be fulfilled (Fig.5.)

In order to regard the misalignments in
the tooth contact analysis, the FE-based
tooth contact analysis FE-Stirnradkette
is extended in order to depict a com-
plete tooth hunt of a planetary gear stage
and take into account time-variable mis-
alignments. This is necessary because the
effect of a carrier misalignment has dif-
ferent influences on the mesh, depending
on the current position. The extension
is validated afterwards by a comparison
between the calculated tooth bending
stress and the measured stresses.

To evaluate the excitation behavior,
the transmission error of a complete
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tooth hunt is calculated as a sequence
of individual pitches. The resulting time
signal is transferred to the frequency
domain and the effects are analyzed.
Subsequently, a method to calculate local
damage is developed, which considers the
variable mesh positions in combination
with the angular positions of the elements
in planetary gearboxes.

At the end, the tooth flank has to be
optimized in order to achieve less dam-
age and a lower noise excitation with
the aid of derived characteristic values.
Therefore, an approach is used which is
based on characteristic values derived
in the first work packages that are input
variables of a variant calculation carried
out with the FE-Stirnradkette in com-
bination with the statistical evaluation
software uOpt to ensure a balanced
and robust design against additional
misalignments.

The input stage of the wind turbine
gearbox of the FVA nacelle is selected
as the application case for investigating
the influence of misal- ignments in plan-
etary gear stages. Besides the fact that the
geometry is known, a further reason for
the choice of the demonstrator is the exis-
tence of numerous test results. In particu-
lar, the misalignments of the planet car-
rier in relation to the housing are known
for numerous load situations with loads
in all six degrees of freedom. Selected test
points together with the corresponding
measured carrier misalignment represent
the investigated operating points.

Description of Contact Conditions
in Misaligned Planetary
Gearboxes
The first sub-objective is the description
of the contact conditions for misaligned
planetary gearboxes. First, a method
is developed which converts the shaft
misalignment to the mesh according
to the Wittke method as shown (Fig.4)
(Ref. 16). A main challenge is the consid-
eration of the position-dependent carrier
misalignment. The mesh specification is
then used as input for the FE-based tooth
contact analysis. Subsequently, measure-
ment results of the FVA nacelle are pre-
sented and essential effects are described.
The measurement is then compared to
the simulation to validate the method.
Extension of the FE-Stirnradkette.
In the following section, a method is

[www.geartechnology.com]




discussed to consider misalignments of
the planet carrier and the planets in tooth
contact (Fig.7). The calculation of the
displacements from internal or external
additional forces can be carried out in
advance analytically or with the aid of
finite element analyses. The method then
takes these misalignments into account
in the tooth contact analysis and can thus
be used to analyze the influence of the
respective deviations or for modification
design; the method consists of four essen-
tial elements.

First, the displacements of the individ-
ual shafts are determined in a preceding
calculation step. It is possible to use FE
calculations or analytical approaches, as
well as misalignments acquired by mea-
surement. The input is made via the dis-
placement of the bearing positions. From
these, the vectors of the shafts are deter-
mined in a common coordinate system
for all wheels.

Mathematical operations are used to
transform the vectors for each mesh posi-
tion of a complete tooth hunt on to the
tooth contact. For this purpose, the state
of the art methods for the transforma-
tion of inclination and skew are extended
by the kinematics of planetary gears
(Ref. 16). The results of this transforma-
tion are resultant fyz curves for the sun-
planet and ring gear-planet mesh.

The resulting curves serve as input
variables for the FE Spur Gear Chain >
FE-Stirnradkette. Deviations from the
ideal tooth contact are considered as con-
tact distances in the spring model; a new
FE calculation is therefore not necessary,
which leads to an optimization of the cal-
culation time and quick evaluation of the
results. Loads of the individual gears are
determined for each meshing position of
a complete tooth hunt. The results of the
tooth contact analysis can be post-pro-
cessed afterwards.

Measurement results of the FVA
nacelle. The planet carrier is connected
to the rotor of the wind turbine and sup-
ported by a main bearing (Fig.6). The
gear housing, in which the remaining
gears are mounted, is supported by two
flexible mounting points on the torque
arm of the main frame. This mounting of
the housing enables a tilting of the gear
housing due to the weight force in com-
parison to the planet carrier (Ref. 15).

Due to this effect, there is a
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Figure 7 Validation of the simulation method.

misalignment of the planet carrier with
respect to the sun and ring gear. The
loads on the sun gear are measured in the
test gearbox via strain gauges in the tooth
root. With the help of the rotation angle
measuring systems, the current position
of the gears can be determined in a post-
processing and thereby at which carrier
position the loads occur. The results show
that the load distribution varies over the
carrier angle due to the misaligned posi-
tion. This can lead to significant over-
loads in the tooth contact.

The highest stresses occur in the
tooth root if the meshing takes place at
an upper 180° or lower position 0°/360°.
Between these two positions the location
of the maximum stress also changes from
the right to the left flank side of the sun
gear. The lowest loads and the best load
distribution are at the horizontal posi-
tions at 90° and 270°, respectively.

Because of the dependence of the con-
tact conditions on the carrier position,

©WZL

the same contact conditions always occur
at the fixed ring gear on one tooth, so
that this tooth always experiences the
same load. On the sun and planet gear,
however, the angular position at which
a tooth comes into contact varies. This
means that every contact position occurs
on every tooth during a complete tooth
hunt and the tooth load is time-variable.
This finally results in internal load spec-
tra already at constant external loads and
displacements due to changed contact
conditions.

Validation of the extension. In the fol-
lowing section, the calculation approach
for the consideration of the carrier mis-
alignments in the tooth contact analysis
is validated. Measurement results of the
FVA nacelle are used and compared with
the results of the simulation method. The
tooth root stress of the sun gear and the
load distribution factor Kysfor each posi-
tion are used as evaluation variables. The
load case corresponds to the nominal
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torque of the system with M,=1,650kNm
at an average speed of n;,=11rpm.
Further loads applied to the shaft simu-
late, on the one hand, the rotor weight
of the turbine in the direction of F,and,
on the other hand, bending moments
and transverse forces from inclined wind
flows on the rotor.

The misalignment of the planet car-
rier measured by distance sensors is used
as the input variable of the method. The
effects from the planetary axis are not
considered in this example, since the
influence of these displacements is small
compared to the carrier displacement.
The maximum values of the resulting fis
from the measured misalignment in the
sun mesh are Afyg=+ 80 um; Figure 7
shows the comparison of measurement
and simulation.

The measurement results in the load
case evaluated here show a clear depen-
dence of the load distribution and the
locally occurring tooth root stresses on
the current carrier position. As explained
previously, the maxima of the load dis-
tribution are located at approximately 0°
or 360° and 180°. This corresponds to
a mesh position in the upper and lower
area of the ring gear. The highest load
occurs in the tooth mesh in the 0° range.
Between the two maxima, a change of the
more heavily loaded flank side can also
be seen. In the measurement, the width
load distribution factor in the tooth root
Kpg shows values between Kpz=1.03 and
Krs=1.38, depending on the meshing
position. The maximum at approx. 180°
has a Kgg=1.25.

The progression of the tooth root
stresses can be correctly predicted with
the method — both in width direction

- Simulation Data

and in dependence of the carrier angle.
The amplitudes of the stresses are in the
same range as in the measurement, and
also the location of the maximum load
is identical. When comparing the width
load factor Ky between simulation and
measurement, identical characteristics
can be determined. Both graphs show
maxima at 0° and 180°. The Kj; of the
maximum at 180° in the simulation is at
Kig=1.35 and represents the load occur-
ring in the measurement well. The sec-
ond maximum is displayed higher in the
simulation. The reason for this is on the
one hand, the extended evaluation range
in the simulation, because in the mea-
surement, the results cannot be resolved
up to the edge area, since no strain
gauges were applied there. On the other
hand, the differences can be explained by
the lack of consideration of the flexible
planet shaft, which can reduce the tilting
due to the present clearance.

Calculation of the Transmission
Error of Misaligned Planetary
Gearbhoxes

The approach for calculating the trans-
mission error of misaligned planetary
gears uses the results provided by the pre-
vious developed and validated method.
As input variable of the tooth contact
analysis, one load case with measured
misalignments is used. In the further
investigations only planet carrier mis-
alignments are taken into account dur-
ing the investigations, because all other
misalignments have a position invari-
able influence and could be optimized
afterwards by lead angle modifications
(Fig.4). The misalignments of the car-
rier are transformed to the individual
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meshing planes of each single pitch
within one complete tooth hunt using the
Wittke method as a function of angular
carrier position (Ref. 16).

The result of the tooth contact analysis
is the transmission error for one pitch
for each angular position. The calcula-
tion is carried out separately for the sun
and ring gear mesh without consider-
ation of cross influences between those.
The results of the individual single pitch
calculations are combined into an over-
all signal in chronologically correct
sequence. A consideration of differences
in the length of a pitch is that prema-
ture and post-mature gear meshes or gear
clamps do not take place. The evaluation
of the signal is done in frequency domain
on the basis of the speed-dependent
orders. For this a fast Fourier transform
(FFT) of the time signal is carried out.
The evaluation takes place individually
for each load case.

Figure 8 shows the results of the analy-
sis for a load case at nominal load with a
carrier misalignment resulting in an fys
deviation of Afys=144 pum, compared to
a simulation without carrier displace-
ment. Considering a variable displace-
ment, it can be seen that the rotational
orders of the carrier are excited in the
sun as well as in the ring gear. On the
other hand, sidebands appear around the
gear mesh orders. In the ring gear mesh
a reduction of the amplitude of the first
gear mesh order in comparison to the
non-displaced variant is noticeable. The
amplitude remains almost unchanged in
the sun mesh.

Due to the low speeds of the carrier,
the resulting excitations caused by the
carrier rotation orders lie in the range
below a frequency of f=1 Hz and thus
are not in the audible range of the human
being. An excitation of these frequencies
is nevertheless to be reduced, since tower
natural frequencies are excited by the
low-frequency vibrations of the transmis-
sion, which can lead to a swinging up of
the turbine on the tower (Ref. 12).

The changed characteristics of the gear
mesh orders can be explained mainly
by modulation effects. Low-frequency,
superimposed oscillations of the rota-
tional orders lead to modulations and
thus to the development of sidebands
of higher-frequency oscillations of the
gear meshes (Ref.8). The formation of
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sidebands is often aimed for in order to
reduce tonalities in the system. In this
case, the amplitudes of the sidebands in
the sun mesh exceed both, the first order
of gear mesh and the amplitude of the
undisplaced variant, so that the excita-
tions of the system are amplified.

Influence of Planet Carrier
Misalignments on the Load
Carrying Capacity

A local accumulation of damage is used
to assess the influence of moving contact
patterns due to misaligned central ele-
ments in planetary gears. The method is
similar to the Sfar and Ziegler method,
but does not only consider the lower sin-
gle contact point, but also the complete
tooth flank (Refs. 13 and 17). The main
difference to the existing methods is the
consideration of internal load spectra
resulting from shifted central elements
with the help of the calculation of a com-
plete tooth hunt. For the load calculation,
a method for the analysis of the tooth
contact with misaligned central elements
developed and validated in the previ-
ous section is used. The load capacity is
represented by an S/N curve, and sliding
velocities are currently not taken into
account. In the second part of this sec-
tion, a comparison of the load carrying
capacity of the tooth flanks is carried
out with variable, constant and none dis-
placed contact patterns for a load spec-
tra in order to identify the influence of
variable misalignments on local dam-
age. Measured displacements of the FVA
nacelle are used.

Approach to determine local dam-
age. The previously developed method
is extended in the present section so
that the determined data can be post-
processed in order to calculate the local
damage of the tooth flank. In addition,
the possibility to consider different exter-
nal drive torques and misalignments
via a load spectra specification is made
possible.

In a first step, operating points “v” or
load bins are specified (Fig.9, bottom-
left). In addition to the drive torque and
the percentage of a load bin in the total
number of load cycles, the displacement
of individual gear elements is another
input variable. Possible specifications
are, for example, misalignments of the
planet carrier, the ring gear or the planet
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Table 1: Overview of regarded load bins
Nr. | Mx[kNm] My [kNm] | Mz [kNm] |Carrier angle [°]|Load Cycles [%]
1 304 0 0 0.0277 10
2 639 0 0 0.0157 5
3 973 0 0 0.0187 20
4 1312 0 0 0.0170 30
5 1650 0 0 0.0204 20
6 1650 1000 0 0.0065 i
1 1650 -1000 0 0.0157 8

in relation to the sun gear.

The contact conditions as well as the
torque are used individually for each
pitch as input data of the FE-based tooth
contact analysis FE-Stirnradkette. As a
result of the tooth contact analysis, the
tooth flank pressures according to Hertz
are used for the further calculation. The
tooth root load capacity is not examined
in this report. For this purpose the tooth
root stresses would be evaluated instead
of the Hertzian pressure and a local accu-
mulation of damage in the tooth root
would be carried out.

In order to assess the local damage,
the tooth in contact z corresponding to
the angular position of the gear elements
is identified at each gear for each sin-
gle pitch. Each tooth is additionally ras-
tered in i rectangular elements along the
height and j elements in width direction.
For each area of the grid, the maximum
pressure is determined when one pitch is
rolled over. The occurring flank pressure
0. of each element is the input variable
for the evaluation of the individual dam-
age. An S/N curve is used to determine
the bearable number of load cycles N;;.
for the determined pressure o;;.. The par-
tial damage s;;. of an element due to one
load cycle is defined as the reciprocal
of the bearable number of cycles N;;.,

(Fig. 9, bottom-center).

For each load bin “v”, a complete tooth
hunt is simulated so that all angular posi-
tions of the gear elements relative to each
other are regarded. This means that sev-
eral pitches are rolled over and all teeth
are in contact several times. A partial
damage by an additional contact is added
to the already existing damage, so that
finally a partial damage of all teeth and
all flank elements for a complete tooth
hunt of one load bin exists. This value is
then divided by the number of pitches
calculated for a complete tooth hunt and
multiplied by the absolute number of
cycles N, of the load bin. The result is a
total damage caused by the individual
load bin. It should be noted here that the
number of load cycles at the sun gear and
ring gear must be multiplied by the num-
ber of planets, since the individual flanks
are over-rolled several times. The results
of the individual load bins are summed
up so that a total damage of the indi-
vidual flank elements results, taking into
account the load spectra and correspond-
ing measured misalignments.

Results of the evaluation of local dam-
age. Selected test points together with
the corresponding measured carrier mis-
alignment represent the load bins of the
investigated load spectrum. This leads
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to plausible combinations of torques and
misalignments. The internal load spectra
result from the carrier displacement. The
distribution of the number of load cycles
among the respective collective classes
does not correspond to reality, but is dis-
tributed in such a way that a large part
of the operation takes place at nominal
torque. An overview of the input data
used can be found in Table 1. All operat-
ing points show a constant weight force
of the rotor in z direction of F,=- 488 kN,
a loading with axial and bending forces F,
and F, does not occur.

In addition to the loads resulting from
the operating conditions, the strength
of the material is a necessary input vari-
able for describing the local damage. The
material behavior is described by an S/N
curve (Fig. 10). The corresponding values
for the sun and planetary gears are deter-
mined for case-hardened gears from ISO
6336 Part 5 for the material quality MQ
(Ref. 5). Values for wrought alloyed mate-
rial are used for the material behavior

of the ring gear. The durable permissi-
ble flank pressure of the case-hardened
gears is 0;;=1,300 MPa, of the ring gear
on =520 MPa (Fig. 10, top-center). The
consideration of carrier misalignment in
the damage accumulation on the flank is
carried out in three different ways. In the
first variant, as described previously, the
misalignment is calculated for each gear
mesh on the basis of the angular position
of the elements (variable misalignment).
In the second variant the misalignment
of the carrier is not considered (no mis-
alignment), and in the third variant the
maximum occurring value is assumed for
all positions (maximum misalignment).
The pressures on the tooth flank cal-
culated from the tooth contact analysis
do not correspond to the standard value
of the flank pressure oy, since applica-
tion factors are not taken into account.
In addition, the load spectrum does not
correspond to reality, so that a calculation
of the absolute damage value is not con-
ducive. However, a relative comparison of
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the calculated local damage between
individual flank areas or designs is legiti-
mate. Therefore, a normalized damage
value S, is used. This value is defined as
the ratio of the maximum damage per
tooth Spax ok, to the maximum damage
of a gear Sy 1ok ver 10 the calculation with
variable displacement.

The upper-right part of Figure 10
shows the results of the local damage
accumulation for the planet gear in the
sun mesh. It can be seen that the nor-
malized damage assumes a constant
value of S,=1 for all teeth on the planet
gear despite variable misalignment is
regarded. The same behavior is observed
at the sun gear. At the ring gear, however,
different damages occur, depending on
the tooth position. Here the tooth at the
seventh position is most damaged. The
graph shows a maximum at this point, a
second local maximum with lower ampli-
tude occurs with 180° offset at tooth
51. The results for the planet gear flank,
which is in contact with the ring gear, are
not displayed. The pressures occurring
are all below the fatigue strength level
because of the concave-convex contact,
so that no damage can be determined.

The constant damage to the sun and
planet gears can be explained by the rota-
tion of the two gears. Each tooth of the
sun gear, as well as of the planet gear,
does not have a fixed global mesh posi-
tion; the global position depends on the
actual carrier position. The deviations
of the gear mesh resulting from the mis-
alignment of the carrier are also depen-
dent on the carrier position; therefore,
temporally variable deviations occur at
one tooth of the sun and planet gear.
After a complete tooth hunt of the plan-
etary gear stage, each tooth of the sun
and planet gear are exposed to the same
positions and thus to the same loads.
Due to the fixed positioning in a load
bin, a tooth on the ring gear always has
identical mesh conditions. Therefore, the
degree of damage changes depending on
the tooth position. The second local max-
imum is smaller, since areas of the tooth
flank are stressed in which the support-
ing effect of the helix angle is missing. As
a result, the flank can be deformed better
and the pressure values are lower.

The diagrams also show the results of
the local accumulation of damage with-
out and with maximum displacement
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(Fig.10). The locally determined max-
imum damage with variable displace-
ment was kept as the reference value. It
can be determined that no damage to
the tooth flanks occurs in a calculation
without misalignment. All pressures are
below the fatigue strength of the material
and are not relevant for damage. If the
maximum misalignment is used to assess
the damage, the same maximum value is
obtained for the ring gear as for the local
evaluation. The damage to the sun and
planet gear is six times higher than in
the local calculation. A dimensioning of
the gears with the maximum value of the
misalignment would thus be safe, but at
the same time clearly over-dimensioned.
A dimensioning without consideration
of the influence of the variable effects
over the circumference, however, leads to
under-dimensioned gears.

In Figure 11, the damage values are
plotted on the maximum loaded tooth
flanks. It can be seen that the damaged
areas on all gears are extremely localized.
On the planet and sun gear, damaged
areas occur on the left and right side of
each tooth flank. Here, the left side of the
tooth is stressed more than the right side
of the flank. The damage to the ring gear
depends on the position of the tooth on
the circumference; the highest damage is
determined at tooth 7. This occurs locally
in the tip area on the left side of the flank.
At the second local maximum at tooth 51,
the right area of the tooth flank is sub-
jected to greater stress. Here, too, the high-
est damage is found in the tip area, but it is
significantly lower than on tip seven.

Due to positive slip, the head areas are
generally less relevant to flank damage
than high loads in the negative slip area,
but nevertheless the local limitation of
the damage shows that the flank is used
sub-optimally. A uniform damage over
the entire flank would correspond to an
ideal geometry where all points of the
flank fail at the same time. The areas with
the highest damage result from edge con-
tact that cannot be robustly compensated
by the gear geometry. In the ring gear
contact, the maximum stress is located
in the area of the upper single contact,
since here the highest loads have to be
transmitted by a pair of teeth. On the
planetary flank there is a tip relief, which
reduces the load on the second single
meshing area. In sun contact, both single
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contact areas are relieved due to the tip
relief provided on both flanks. This is
why the maximum damage occurs in the
double-contact area.

Optimization of the Operational
Behavior of Planetary Gearboxes
The procedure explained here focuses
on the design of the flank corrections of
the planet. The optimization goal is to
increase the robustness of the load car-
rying capacity against misalignments. In
addition, the overall excitation should
be reduced — especially in the low-fre-
quency range. As input variables for the
design, the averaged lead angle devia-
tion f; over one carrier rotation as well as
the amplitude of the variation of the lead
angle deviation fi; from maximum to
minimum value are taken into account.
The design is carried out with a vari-
ant calculation in the FE-Stirnradkette as
well as a post-processing and a statistical
evaluation of the results with the help of
the uOpt program (Fig. 12).

The variant calculation is carried out
separately for the individual meshes
between sun and planetary gear, as well
as ring gear and planetary gear. For this
purpose the lead angle deviation is finely
resolved over a wide variation range.
Using the mean lead angle deviation fi
and the amplitude of the lead angle devia-
tion fuz all possible deviations for one
nominal design are determined in a post-
processing. The individual results of the
transmission error and the flank pressure
are determined for each lead angle devia-
tion occurring in the misalignment range
in one load bin.

From the sum of the individual results,
the value Ky, is determined as the factor
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of the load increase of the tooth flank
over one rotation of the carrier and Ay,
as the deviation of the transmission error
over one rotation of the carrier for each
nominal design and each load step.

For this purpose, the maximum value
of the rotational error Ay, and the flank
pressure O, is determined from all val-
ues occurring over one rotation of the
carrier and divided by the value occur-
ring for the average fys. An additional
boundary condition, which is added in
the evaluation, is the symmetrical design
of the flank corrections on both tooth
flanks of the planet.

The maximum Hertzian pressure, the
transmission error at the average mis-
alignment as well as the two newly
introduced load increase factors Ky,
and Ay, are included as parameters in
the evaluation of the variants. All values
are determined for each nominal vari-
ant for the sun and ring gear mesh and
then evaluated together. The evaluation
takes place depending on the load case
and the parameter with the help of the
uOpt software. Here the load cases are
weighted more strongly with increasing
rotor torque and the pressure is evaluated
higher than the transmission error. The
overview of the individual variables is
shown (Fig.13).

The optimized flank geometry essen-
tially differs from the nominal design by
an applied profile angle correction and a
higher lead crowning. Due to the positive
profile angle correction at the planet, the
tooth tip of the ring gear is relieved and
the area of maximum load moves in the
direction of the tooth center. The effect
of the changed microgeometry becomes
clear when comparing the results of local
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damage accumulation before and after
optimization. The damage values of the
new design are determined and divided
by the reference value. The reference
value of the normalized damage is the
value Syuax ok origin Of the original variant.

In the sun mesh, a reduction of the
damage can be achieved to a value of
X=0.75—Dboth at the planet and at the
sun gear. The flank damage of the ring
gear can be reduced to a value close to
S.=0. The difference between the level
of damage depending on the tooth posi-
tion at the ring gear is also reduced. The
reason for this is, on the one hand, the
avoidance of edge contacts which have
led to high loads in the edge area of the
gear teeth. This resulted in high dam-
age values in the original design. On the
other hand, the contact pattern in the
ring gear mesh moves in the direction of
the flank center due to the profile angle
correction, whereby locally high pres-
sures in the tip area can be avoided.

Summary and Outlook

This study deals with the modeling and
consideration of misalignments in plan-
etary gearboxes in the optimization and
design process. Procedures for taking
into account misalignments in cylindri-
cal gearboxes are standardized and estab-
lished in industry. Misalignments of cen-
tral elements like carrier, sun gear or ring
gear in planetary gearboxes, cause-vary-
ing contact positions and variable loads,
depending on the angular position of the
central elements. This load, which is vari-
able over the circumference, is not taken
into account in the standardized proce-
dures, despite its effects on the loads on
the gears.

Within the scope of this report, a
method is developed in order to regard
carrier misalignments in the tooth con-
tact analysis FE-Stirnradkette. Because of
carrier position-dependent mesh condi-
tions, a complete tooth hunt is calculated
and post-processed afterwards. By means
of a comparison between simulated and
measured tooth root stresses of the FVA
nacelle, a validation of the method is suc-
cessfully carried out.

By means of the validated method,
the influence of carrier misalignments
on the load carrying capacity and
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Figure 13

excitation behavior are determined. In a
post-processing of the previously devel-
oped method, the transmission error of
the single meshes, as well as the dam-
age locally resolved on the tooth flank
of each tooth of each gear, is calculated.
The transmission error of misaligned
and aligned planetary gearboxes dif-
fers. In misaligned conditions, sidebands
of the tooth mesh frequencies occur.
Furthermore, the carrier rotational fre-
quency is excited.

The results of the local damage calcula-
tion show that due to the rotation of the
sun and planet gear, changing meshing
conditions are present on a tooth. In sum,
each tooth on these wheels sees the same
loads, resulting in homogeneous damage
over the wheel. One tooth is always sub-
jected to the same load on the fixed ring
gear. This results in variable damage over
the circumference, with some teeth being
much more damaged than others. If the
misalignment of the carrier is not taken
into account, the wheels will not be dam-
aged at all. If the maximum misalignment
is assumed in all positions, too high dam-
age is calculated, except for the ring gear.

The optimization is carried out via the
flank corrections on the planetary gear.
For this purpose the deviation range, as
well as the mean value of the resulting
lead angle deviation, are included in the
calculation in order to take the misalign-
ment of the carrier into account. New
characteristic values are generated for
the consideration of the load increase
over the circumference Ky, as well as the
deviation range of the transmission error
over the circumference Ay, and different

Influence of the optimization on the local damage.

©WZL

nominal designs are compared with the
help of the uOpt software. The recalcula-
tion of the best variant shows a reduced
damage of all flanks, despite a higher
crowning. The effect of the varying dam-
age over the ring gear circumference can
almost be eliminated.

As a next step, slippage effects will be
regarded during the local damage cal-
culation to better predict the localiza-
tion of failure. Also measurements will
be done on a smaller test rig to validate
the effects observed in the evaluation of
the excitation behavior. Therefore, dif-
ferent distinct misaligned conditions can
be set and the transmission error can be
measured.

Power Transmission Engineering
(FVA) for the software FE-Stirnradkette.
The authors gratefully acknowledge sup-
port by the WZL Gear Research Circle
for the software yOpt. The authors grate-
fully acknowledge financial support
by the Federal Ministry for Economic
Affairs and Energy (FKZ 0325799) for
the achievement of the project results. (&}
For more information.

Questions or comments regarding this paper?

Contact Julian Theling at kj.theling@wzl.rwth-
aachen.de.
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Machine Tool Builders

ANNOUNCE PERSONNEL CHANGES AND NEW DISTRIBUTION AGREEMENT

Machine Tool Builders, Inc. (MTB)
proudly announces the appoint-
ment of Hans Grass as the com-
pany’s CEO. Grass brings a wealth
of knowledge and experience
backed by 48 years in the machine
tool industry, including forty-four
years in management roles — most
recently (for 5 years) as vice presi-
dent for the Star SU machine tool
group and (10 years) as vice presi-
dent of engineering (managing both engineering and product
development) for Bourn & Koch in Rockford.

Prior positions included various management and sales/ser-
vice positions with Pfauter, Gleason and Index Corporation.
Hans has gained in-depth expertise of gear manufacturing
machine tools as well as milling, turning, grinding and other
machine tools. He was educated in Germany with a Pfauter
machine tool apprenticeship program, complemented by three
years of engineering studies.

Machine Tool Builders and Grass have teamed up to formally
announce the transfer of G-Technologies North American rep-
resentation agreement for HAMAI Machines, to Machine Tool
Builders Inc. Following the appointment of Grass as CEO of
Machine Tool Builders Inc., MTB has assumed the exclusive
rights as North American distributor of Hamai’s hobbing solu-
tions line.

Established in 1921 Hamai Co., Ltd., Tokyo, Japan designs,
manufactures, and services state-of-the-art N-series CNC hori-
zontal hobbing machines & a GN150 hob sharpener. Having
built a solid reputation in the small/medium gear manufactur-
ing industries by supplying fine to medium pitch horizontal
hobbing machines for nearly 100 years, Hamai has also earned

Global Gear

APPOINTS NEW PRESIDENT

Harshad Gujarathi has been
named president of Global Gear of
Downers Grove, IL, effective June
1. Gujarathi will take over for Cory
Ooyen, the outgoing president, who
remains with the company in a sales
management role.

Gujarathi rejoined Global Gear
in March 2020 as vice president of
operations, after six years at Reliance
Gear in Elmhurst, IL. At Reliance,
Gujarathi served in a number of roles, including project man-
ager, plant manager, operations manager and, most recently,
managing director (from 2017 until his return to Global Gear
in March). Previously, Gujarathi worked for six years as a
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a solid reputation for their high accuracy, impeccable quality,
and highly productive machine tools.

This was an ideal fit for Machine Tool Builders Inc. who was
looking to expand their new product offerings and thrilled that
Grass and G-technologies allowed them to take on the rights to
this line. The transfer of this agreement appoints Machine Tool
Builders (MTB) as the exclusive sales, marketing, and support
arm for all Hamai’s gear hobbing solutions in North America.

When Grass was appointed CEO of Machine Tool Builders
Inc. (MTB) he brought with him more than 40 years of exper-
tise in the machine tool industry, his company G-technologies
also held an exclusive rep-
resentation agreement for
North America represent-
ing Hamai.

“We are delighted to
bring the Hamai line to
MTB and offer compre-
hensive gear manufacturing
solutions to our customers”
notes Grass, president of
G-Technologies and CEO
of Machine Tool Builders
Inc. “MTB’s representation
agreement with Hamai is a perfect fit, this partnership will
allow us to further improve our rapidly growing position in the
market by offering high-value products and services that meet
our customer’s ever changing needs.”

MTB issued a statement saying, “We thank Hans Grass and
G-technologies for laying the groundwork of Hamai’s presence
in North America, this provides our customers with another
world-class product backed by the MTB name” (www.machi-
netoolbuilders.com)

manufacturing applications engineer at Global Gear and four
years as a senior engineer at Jayna Inc. He holds a bachelor’s
degree in mechanical engineering from Sanjeevani Education
Society’s College of Engineering, as well as a master’s degree
in industrial and systems engineering from The Ohio State
University.

The move is part of a planned transition. In a letter to Global
Gear employees, Ooyen stated: “Since the end of 2018 we have
started the planning process for the transition of key staffing at
Global Gear to support near term retirement plans and put in
place a future team for the next many years of the company””

Ooyen continued, “That plan included the recruitment of my
successor to insure the right leader was in place and the transi-
tion would be smooth, seamless, yet ready for the changes and
challenges that Global Gear will face now and in the future.

[www.geartechnology.com]




So with that, I am pleased to announce that effective June 1st,
Harshad Gujarathi will take over as President of Global Gear.
His past experiences at Global Gear and at Reliance Gear sup-
port his desire and ability to assume this role and lead the
company. I firmly believe Harshad is the right person to lead
and direct these efforts. He needs the team with him to prepare
for these challenges at all levels of the company. I will move
fully into a sales role to expand our customer and market base
and secure the future business to provide growth and future
opportunities for all. In the 13 years I have been in the presi-
dent’s role, I can say we have made some tremendous strides in
diversification of the business in both customers and markets.
I thank all who have supported and played key roles in these
efforts. This would not have happened without a crew who
dedicated their time and efforts into moving Global Gear from
a simple engine timing gear company to a respected and diverse
gear supplier to a broad range of applications.”
(www.globalgearllc.com)

EMAG

OPENS ADDITIONAL OFFICE IN CHARLOTTE

EMAG has expanded its operation in the United States by
opening an additional office, EMAG Charlotte, in Charlotte,
NC. With this addition, current and prospective customers
located in the southeastern portion of the United States have
the ability to meet face to face with sales, applications and ser-
vice personnel. By providing local support, EMAG strives to
foster the growth that the industry is experiencing throughout
the region.

EMAG Charlotte will operate as a branch office of EMAG
LLC, located in Farmington Hills, Michigan, the North
American Headquarters for the EMAG Group.

With the growth of EMAG’s competitive Modular Standard
machine portfolio, accessibility to new users has grown sub-
stantially; the Southeast is one of the fastest growing manufac-
turing hubs in the United States, driving EMAGs strategic deci-
sion to open EMAG Charlotte.

The unique configuration of EMAG’s turning machine,
allows for the automatic self-loading of workpieces. The
inverted, traveling spindle architecture creates an ideal envi-
ronment for cleanliness, optimum chip flow, and unsurpassed
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operator access. Coupled with the MINERALIT polymer con-
crete machine base, EMAG offers the best in class solution
for tight tolerance production work. According to data from
USMTO, EMAG has earned 87% market share for Inverted
Vertical Lathes over the past five years in the United States,
and the company is hoping that this move will continue to help
them expand.

In addition to EMAG’s dominance in the production turning
space, EMAG offers a range of technologies catered to simi-
larly sized round parts. These additional technologies include
power skiving, laser welding/hardening/cleaning, electro-chem-
ical machining, hobbing, grinding, hard milling, and induction
hardening. Linking this vast range of technologies together,
allows EMAGs vision statement to become a reality for its cus-
tomer base, by providing the best “Manufacturing Systems for
Precision Metal Components.” (www.emag.com)

Bourn & Koch

ANNOUNCE NEW PRESIDENT

Bourn & Koch, Inc. recently
announced that Blake Consdorf
has been named president.
Consdorf, who was most recently
president and CEO of Felsomat
USA, Inc. brings over 20 years of rel-
evant industry and leadership expe-
rience in machine tools and auto-
mation to Bourn & Koch. Prior to
Felsomat, Consdorf was divisional
president and engineering manager
at Acieta, and served as vice president of manufacturing and
engineering at Wes-Tech Automation Solutions. Prior president
and CEO of Bourn & Koch, Terry V. Derrico, will now serve as
president and CEO of Precision Cutting Technologies. (www.
bourn-koch.com)

ApexTool Group
(ATG)

PROMOTES FRUEHWALDTO LEAD GLOBAL
POWERTOOLS

Apex Tool Group (ATG), a manu-
facturer and supplier of high-per-
formance hand and power tools,
tool storage, drill chucks, chain
and electrical soldering products
for industrial, commercial and
demanding do-it-yourself appli-
cations, announces that Bernd J.
Fruehwald has been promoted to
senior vice president and president
of its global power tools business
unit, which includes Cleco, Weller, and APEX.

Fruehwald joined ATG in July 2014 as general manager of

58 GEARTECHNOLOGY | July 2020

Weller Tools. He most recently served as vice president and
president of the Europe, Middle East and Africa (EMEA) and
Australia and New Zealand (ANZ) regions of ATG’s global
power tools and hand tools divisions.

“In multiple roles with ATG, Bernd has demonstrated the
ability to grow market share, establish effective business pro-
cesses and drive further efficiencies in our European business,”
said Jim Roberts, CEO. “We look forward to Bernd's leadership
of our strategically important power tools business.”

Prior to ATG, he held executive roles with Biithler Motor
GmbH, a privately-held global manufacturer and marketer of
motion control motors, actuators and mechatronic drive solu-
tions. He served as vice president for its industrial and health-
care business units; vice president, Global R&D; and vice presi-
dent of its PMO office. While at Bithler he was named an offi-
cer, and also served on its board of directors.

He holds an MBA from St. Gallen Business School in
Switzerland and Alpen-Adria-Universitat Klagenfurt, and
earned a mechanical engineering degree from Technical High
School Ansbach. (www.apextoolgroup.com)

APl Metrology

LAUNCHES VIRTUAL SHOWROOM

In addition to their recent development of global studios for
Live Web Demonstrations, API has launched a full online
Virtual Showroom to support their customer’s growing need for
online support and resources.

#71 VIRTUAL SHOW ROOM

The speed of modern manufacturing is making the business
model of a salesman who travels to a customer site with a full
equipment line for in-person product demonstrations a luxury
that cannot always be indulged.

To support businesses that need information and resources
instantly, API is launching a Virtual Showroom. The Virtual
Showroom is a continually updated one-stop information por-
tal for APT’s Products and Services. Inside you can find vir-
tual demos, technical videos, motion brochures, and more for
API Products from Radian Laser Trackers and accessories to
the API Arm. There are also resources for downloading more
information, requesting quotes, or connecting with API directly
by phone or email.

Customers will now be able to access detailed videos show-
ing full product demonstrations, feature overviews, and tech-
nical discussions to take them through the operation of APT’s
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products inside and out without needing to click through navi-
gation menus or give out personal information. These materials
will be available 24/7 to support APT’s global consumer base.

“The business world requires a new paradigm,” says Joe
Bioty, president of APL. “In-person, onsite support will always
be essential, and will always be a cornerstone for API, but
decisions happen at lightning speed. There isn’t always time
to wait for someone to come to you. The Virtual Showroom
takes API directly to the customer, putting all of the informa-
tion about our products and how we can support all manufac-
turing processes at their fingertips” (www.apimetrology.com/
virtual-showroom)

Manufacturing
Institute

EXAMINES DEMAND FOR RESKILLED
WORKERS

During its 8-week shutdown resulting from the COVID-19
pandemic, two students enrolled in the eKentucky Advanced
Manufacturing Institute (eKAMI) secured CNC machining jobs
with leading manufacturers, with other companies calling the
school with plans to hire new graduates in the coming weeks.
Director Kathy Walker sees this interest as an indication that
US manufacturing will see a resurgence, with recent surveys
showing nearly two-thirds of manufacturers in North American
plan to hire domestically instead of sending jobs overseas.
“There remains a strong demand for high-skilled positions in
advanced manufacturing, particularly in automation and robot-
ics,” said Walker, who founded the eKAMI Haas Center along
with the Gene Haas organization in 2017 to reskill displaced
coal miners and other workers to build the quality workforce
needed to attract manufacturing jobs to the region. Students are
trained for high-tech positions in CNC machining on the latest,
state-of-the-art Haas equipment in 16- and 36-week immersive
courses. eKAMI graduates have been hired by companies such

as AutoGuide Mobile Robots, Heartland Automation, Roush
Yates Engines, Lockheed Martin and Catepillar’s Progress Rail.

“The COVID-19 situation revealed serious deficiencies in
our domestic supply chain,” Walker said. “As a result, we are
already seeing signs of a resurgence in US manufacturing, as an
increasing number of manufacturers prepare to reshore jobs.
Unfortunately, the skills gap remains for higher-level trades,
driving the urgent need for automation. Our goal is to respond
to industry demand by providing our workforce with the neces-
sary tools to meet that challenge”

Keeping Busy During the Pandemic: Printing and
Donating 3D Masks

eKAMI practices what it teaches in terms of responding to
market needs with advanced manufacturing techniques. When
the school first closed its doors to students in mid-March,
staff members suggested putting their advanced manufactur-
ing skills—and the 3D printers—to work. After designing face
shields themselves, they have made and donated thousands to
rural frontline medical facilities, including hospitals, nursing
homes, fire departments, police departments and even correc-
tional facilities, funded in partnership with Pop’s Chevrolet and
Citizens Bank of Kentucky. According to Walker, the demand
hasn’t waned, so they will continue making and donating the
shields, even with their students now back in the classroom.

“Our staff teaches students how to adapt to rapidly chang-
ing environments utilizing innovation to solve manufactur-
ing needs,” Walker said. “Using technology skills, but quickly
switching gears to mass produce on the 3D printers to create
much-needed masks, is one example our students can follow as
they return to class to complete their certifications before head-
ing out into the workforce”

Healthcare facilities in Prestonsburg, Kentucky, benefited
from eKAMTI’s innovations. “eKAMI stepped up, responded to
an urgent need, and fulfilled it beyond anyone’s expectations,”
said Mayor Les Stapleton. “They rapidly transitioned from pro-
ducing precision parts to producing medical face shields. When
the shortage of quality shields was noted, within days they were
producing PPE to be used by our region’s frontline EMS and
Healthcare workers.”

Highlands Appalachian Regional Healthcare Medical Center
in Prestonburg was one of the first recipients. “ARH is proud to
have a community partner like eKAMI to support our system,”
said Tim Hatfield, community chief executive officer. “Over the
past several weeks, eKAMI has worked to produce 1,750 face
shields for our frontline staff. We are truly blessed with Kathy
Walker, her team, and her vision of training local folks to meet
an industry demand.”

“I am so thankful to eKAMI for the design and production of
face shields,” said Dr. Andy Keaton, of Keaton Orthodontics in
Pikeville, Kentucky. “I could not obtain face shields through any
of the national dental suppliers. The quality of the face shields
was consistent with any I might have purchased from a national
supply company”

The Haas eKentucky Advanced Manufacturing Institute
(eKAMI) launched in 2017 with the goal of building the skilled
workforce needed to attract quality, high-paying jobs in manu-
facturing to the region. Students 18 years and up participate in
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16- and 36-week accelerated programs in computer numerical

control (CNC) machinery, for the aerospace, robotics, medical

and other advanced manufacturing industries.
(www.ekyami.com)

Klingelnberg

WINS BEST OF INDUSTRY AWARD FORTHE
SECONDTIME

For the fifth year running, the trade magazine MM
Maschinenmarkt honored outstanding industry innova-
tions with its “Best of Industry Award” on June 25, 2020.
In total, 22 companies vied for the prize in nine categories.
Klingelnberg was among the lucky winners, receiving accolades
in the “Measurement Technology” category for its “Complete
Measurement in a Single Stage — Done-in-One” solution.
Already a winner of the prestigious award in 2018 for its
“Cyberphysical Production System” in the “Industry 4.0” cat-

egory, the machine man- W | N N E R

ufacturer once again

won over the jury of
experts for the “Best of
Industry Award 2020
The jury selection was

preceded by an online

reader vote, which

accounted for 50% of the

evaluation process. Only

select prize-winning

industrial products were

eligible for the nomina-

tion. Qualified nomi- B E s T 0 F

nees included products

or solutions from all I N D U s T R Y
branches of industry

that had already won an

industry award in 2019 A W A R D
or had been short-listed,

or received the most

clicks from readers of the MM trade magazine.

“We are delighted to be among the award winners for the
second time,” said Dr. Christof Gorgels, head of precision
measuring centers. “The award is hugely important for us and
once again highlights our innovative capacity in the market-
place” The gala, which could not be held as a live event with an
audience as originally planned, was pre-recorded at the event
organizer’s in-house studio. The video is available to anyone
interested on the social media channel YouTube at the website
below. During the recording, all nominees and products were
presented and, of course, the winners enjoyed a congratula-
tory speech given by the editorial staft of MM Maschinenmarkt.
(www.klingelnberg.com)
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Daubert Cromwell

COMPLETES REACH CERTIFICATION

Daubert Cromwell has successfully completed all the require-
ments for certification with the European Union’s REACH
(Registration, Evaluation and Authorization of Chemicals)
Regulation. This important distinction means Daubert
Cromwell can provide multi-national customers with an
uninterrupted supply of VCI papers, films and devices that
meet conditions of environmental safety set by the European
Chemicals Agency.

REACH requires all companies that manufacture or import
chemical substances into the EU to address the potential
impacts on both human health and the environment. After
years of research into how best to comply with the ruling and
meet the packaging requirements of metalworking markets,
Daubert Cromwell chose to register substances used in a broad
range of best-selling VCI products in the categories of papers,
films and devices. The assigned REACH registration numbers
cover popular VCI papers MasterShield and PowerShield, and
global brands of VCI films including Premium Metal-Guard,
ClearPakBIO and ClearPak5000.

“We made a substantial commitment of time, financial and
technical resources to meet all of the requirements necessary
to be REACH registered,” said Daubert Cromwell President &
CEO Martin J. Simpson. “Our customers cannot afford to have
their shipments into the EU delayed, or rejected, because the
packaging used to protect their valuable machinery is not offi-
cially registered. We want to provide customers with the quality
VCI products they need, regardless of location, without worry
they will be held up or penalized for non-compliance”

(www.daubertcromwell.com)
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FANUC America is offering a free trial version of CNC Guide -
FANUC’s PC-based virtualization platform for control design,
training and part programming.

To assist machine tool operators and builders through the
rough economic times created in 2020, FANUC is offering this
simulation tool at no cost. CNC Guide offers an immersive and
safe way to learn how to operate CNCs, even for novice opera-
tors. Because the software creates digital twins of machine con-
trols, programmers can test G-code programs with no risk of
damaging actual machines.

CNC Guide can also help optimize machining operations
since users can experiment in the virtual environment with per-
formance-enhancing features in FANUC controls. In addition,
the software used in tandem with our conversational program-
ming tool, Manual Guide i, can act as a simplified CAD/CAM
package. This platform enables programming on a PC instead
of the machine tool, so equipment stays in production to mini-
mize downtime and maximize throughput.

0lees NBBBaa
9.800;: IS

FANUC CNC Guide is not only beneficial for machine tool
operators, but also builders. Machine tool builders can get a
competitive edge by using CNC Guide to prove out their design
concepts faster and get their equipment quicker to market.

This limited-time offer is good only through September 2020
and available to FANUC America customers residing in the
U.S. Interested parties need to contact FANUC through the
CNC Guide Trial Offering page to get started.

(www.fanucamerica.com/products/cnc/software/
cnc-guide/free-trial)

QuesTek Innovations LLC, recently announced a stainless steel
composition for powder bed fusion additive manufacturing
(AM) for use either in the as-printed condition or with a single
low-temperature heat treatment. This development is signifi-
cant because it allows for production of complex, high-strength
stainless parts via AM, comparable to wrought 17-4 PH, but
without the need for expensive cryogenic processing or high-
temperature heat treatment. The project has been funded by the
US Navy Small Business Innovation Research program.

Commonly used 17-4 steel in AM often requires higher-cost
argon-atomized powder to avoid retained austenite issues and
it yields poor properties; however, even properties of argon-
atomized 17-4 properties fluctuate widely and are sensitive to
the feedstock composition.

Commenting on this development, Dr. Dana Frankel,
QuesTek manager of design and product development said,
“With QuesTeKs QT 17-4 powders, a fully martensitic micro-
structure is achieved in the as-printed condition. The high tem-
perature solution heat treatment process, required for conven-
tional 17-4, is not needed for QuesTeK’s alloys, and the resulting
properties have less variation”

Two feedstock options are available: QT 17-4 for use in the
direct aged condition and QT 17-4+ for use in the as-printed
condition. The corrosion resistance and fatigue performance
of both designed AM alloys is equivalent or improved over AM
material printed using commercially available 17-4 powders.

Although QuesTeKs initial effort has focused on powder-based
AM, it plans to demonstrate in one or more wire-based AM pro-
cesses to enable larger component production at lower cost.

QuesTek’s new 17-4 powders can be used in a wide range
of industries, including aerospace, defense, medical, chemical
processing and energy. QuesTek’s powder was developed using
its proven Integrated Computational Materials Engineering
(ICME) technologies and Materials by Design approach.

QuesTek is in discussions with commercialization partners
including alloy producers, metal AM machine manufacturers
and service bureaus to license these technologies and accelerate
commercial adoption. (www.questek.com)
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INTIME...

It may not
impressive as a
DelLorean, but if time
travel is your thing, we
have you covered at

geartechnology

.com.

Today, our user-friendly
archive (1984 to present) is
now available online with an
optimized search engine that
allows subscribers to locate
specific articles using keywords
and phrases.

We've created a database where
subscribers can peruse more
than thirty-five years of gear

manufacturing articles without
leaving their desks.

In an era where content
is king, let Gear
Technology be your
destination for the past,
present and future of
gear manufacturing.

www.geartechnology.com/
issues.
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Rudolf Diesel — Man of Motion and Mystery

Jack McGuinn, Senior Editor

You have to admit, having an
engine named after you is a
singularly impressive achieve-
ment. After all, the combustion
engine isn't named for anyone. No one
refers to the steam engine as “the Watt”
engine.

But then along came Rudolf Diesel
(1858-1913), and with him — the
Diesel engine, the engine that liter-
ally took the steam out of a wide range
of engine applications. Born in Paris
to Bavarian immigrants in some-
what humble circumstances — his
father Theodor was a bookbinder and
leather goods manufacturer — Rudolf
was shortly after birth sent to live for
nine months with a family of farmers
in Vincennes, for reasons that remain
sketchy. Upon return to his parents, Rudolf was excelling in
school while working for his father delivering leather goods
from his workshop. With the Franco-Prussian War raging, his
family —as did many other Germans — left Paris for London.
Before the war’s end, his mother sent him to Augsburg to live
with an aunt and uncle to learn German and attend the Royal
County Vocational College. At age 14, Diesel declared his inten-
tion to become an engineer. He then eventually attended on
scholarship the Royal Bavarian Polytechnic of Munich, against
his parents’ wishes, who thought he should instead be looking
for work.

A nurturing professor there was Carl von Linde, but Diesel’s
graduation was delayed by a bout with typhoid. But he soon
began earning engineering experience at a machine works
in Switzerland. He then graduated at the top of his class and
moved back to Paris, where he was recruited by Linde for the
design and construction of a then state-of-the-art refrigeration
plant, of which he was named director a year later.

In 1890, a marriage and three children later, Diesel moved to
Berlin and was managing Linde’s corporate R&D department,
where he also made the acquaintance of numerous influential
business owners. While he developed a number of patents, he
was not allowed to implement them while working for Linde,
and so he decided to move on beyond the refrigeration indus-
try. He pursued engine technology, researching thermal and
fuel efficiency, working for instance with ammonia/vapor
steam, which almost killed him during an explosion. Other
close calls followed, including yet another explosion while
researching high-compression cylinder pressures for iron and
steel cylinder heads.

After a lengthy hospital stay, Diesel set out to design an
internal combustion engine based on what is known as the
Carnot cycle, a more thermally efficient technology. Several
years later (1892), he received a German patent for his theory.
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In 1893, he published his treatise, “Theory
and Construction of a Rational Heat
Engine to Replace the Steam Engine and
the Combustion Engines Known Today.” It
was the foundation of his research that led
to the Diesel engine. But later that year, it
was back to the drawing board; Diesel came
to realize that he wasn't there yet, and later
that year filed another patent, correcting his
mistake.

Central to Diesel’s game-changing engine
creation was his understanding of thermo-
dynamics and fuel efficiency, and that “as
much as 90%” of fuel energy “is wasted in
a steam engine” Indeed, a signature accom-
plishment of Diesel’s engine is its elevated
efficiency ratios. After several years of fur-
ther development with Heinrich von Buz
of Augsburg’s MAN SE, by 1897 the Diesel
engine was a reality.

Diesel’s engine went on to replace the steam piston engine for
many high-load applications. While because of its more robust
weight and construction than the gasoline engine, the Diesel
was never much of a candidate for aviation application, on the
other hand, the engine soon became a mainstay for “station-
ary engines, agricultural and off-road machinery, submarines,
shipping, locomotives and trucks” The engine was first run on
peanut oil, and continues today to run on vegetable oil and bio-
diesel fuel refined from crude oil. It is a safer fuel source than
gasoline, as its flash point is around 175 degrees F higher.

And now for the mystery.

In 1913, Diesel boarded the SS Dresden in Antwerp, headed
for a Diesel corporate meeting. By all accounts, he had dinner
onboard and retired to his cabin around 10 p.m., asking to be
awakened by 6:15 a.m.

The following morning, Diesel’s cabin was empty. His bed
had not been slept in. His nightshirt was there, neatly folded.
His watch was on a bedside table. He was never seen alive
again. It was reported that his body was recovered a month later
by a boatman, who then tossed it overboard “because of heavy
weather”

Theories and rumors ensued. Some say it was suicide.
Others believed he was murdered due to his refusal to grant
the German armed forces exclusive rights to using his technol-
ogy (remember this was on the eve of WWI). In fact, Diesel was
scheduled to meet with British Royal Navy personnel “to dis-
cuss powering British submarines” with his engine.

None of this was ever proven and Diesel’s death remains
“unsolved.” (Source: Wikipedia.) ®



ADVANCED
GEAR OILS

FROM A COMPANY ADVANCING
LUBRICATION FOR 150 YEARS

150 years ago, our founders set out to make the highest quality, best performing lubricants available.
In doing so, they helped pioneer the use of anti-wear additives that significantly increased lubricant
performance through the years. Today, that innovative tradition continues with our newest line of
ultra high-performance, 100% synthetic gear oils. These new lubricants provide a wide range

of benefits including: extended fluid change intervals, cooler operating temperatures,

reduced friction and reduced downtime.
Products include...

SYN LUBE SERIES 150 - 1000
High performance, fully compatible PAO-based gear oils.

SYN LUBE HD SERIES
Heavy-duty, (EP) extreme pressure, PAO-based gear oils.

SYNTHETIC WORM GEAR LUBRICANT
High performance, ISO 460 Grade, PAO-based worm gear oil.

Ultra high-performance, PAG-based gear oils.

PGO-FGL SERIES

NSF H1 registered, food machinery grade, PAG-based gear oils.

SFGO ULTRA SERIES 150 - 1000
NSF H1 registered, food machinery grade, PAO-based gear oils.

CELEBRATING

| ‘{\P 15 %RS

OF QUALITY, INNOVATION
AND PERFORMANCE

LUBRIPLATE LUBRICANTS COMPANY
NEWARK, NJ 07105 / TOLEDO, OH 43605 / 800-733-4755 . .
LubeXpert@Ilubriplate.com / www.lubriplate.com i n

N

INCLUDED AT NO ADDITIONAL CHARGE

L ubriplate’s )

Complimentary Extra Services Package

COLOR CODED LUBE CHARTS & MACHINERY TAGS
PLANT SURVEYS/TECH SUPPORT / TRAINING
LUBRICATION SOFTWARE / FOLLOW-UP OIL ANALYSIS




KLINGELNBERG - QUALITY AND
COMPETENCE THAT IMPRESS!
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MAINTENANCE
CONTRACTS

WE ARE THERE FOR YOU

Our worldwide sales and service
representatives are always there for you.

You can find your local Klingelnberg service
partner at:

www.klingelnberg.com/contact

Our understanding of precision and reliability goes well beyond our products. That is why we pro-
vide our customers with comprehensive service in the Klingelnberg business areas, with a focus
on individual, customer-specific requirements. Be it all-round support throughout the lifecycle of
the machine or individual service modules — made-to-measure, coordinated solution packages and
competent discussion partners are the norm at Klingelnberg. Our well-trained service technicians
are available in every phase of the lifecycle of your Klingelnberg machines and measuring devices. Refurbishment
Klingelnberg provides a range of interlinked services, which you can use as an overall package or in the Video
modules. We offer service that perfectly matches your ideas and meets your requirements.
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