


RPM-not SFM—makes it faster

Shank-type Wafer™ hob and 2 sec. double-gripper

W 2 sec. load/unload machine-
integrated automation
B Compact machine design for min-
imal floor space

B Highly reliable G.E. FANUC 15
It's the RPM of the hob that increases Hob Data  Wafer CNC control and digital drive
the generating speed of hobbing. Diameter 20" package
Small-diameter disposable Wafer™ Length 7.5" The benefits of high-efficiency hob-
hobs from Pfauter-Mmg nmningat Number of bing include:

Threads 3
A e L e I Cosc A B Higher productivity
from 700-1100, and workiable RPMS | aerial CPM REX 76 B Tncreased machiin uptine and
from 50-500, depending on the num- Coating Tinite™ i
ber of teeth in the WOl'kpti. Cycle Data eﬂicneucy '
The American PlatlerPlauierMaag | Fooc Bate 006 Srcaat iy
Wafer™ Hobbing System for high- Depth 0.0002" B ASHOSH fRocoie Ve
production gears and pinions offers Cutting SFM 400 B Reduced total piece cost
high-efficiency hobbing using: Egg?% ?:Tohg! i M Reduced total capital cost
B Small-diameter shank-type Time (Min.) 0.25 Write or call for our paper on
Jafer™ : i-Gash™ S Pieces per ‘Hioh Fifici - it
Wafer™ and Opti-Gash™ hobs Watar Hob ‘27000 High Efficiency Gear Hobbing'.

L AMERICAN PEAVTER

Limited Partnership

1351 Windsor Road, P.O. Box 2950, Loves Park, IL 61132-2950 USA
Telephone 815-282-3000 + FAX 815-282-3075
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imply revolutionary..

Opti-Gash™ Hobs

In response to industry’s demands
for higher production and accu-
racies, and as a result of the
successful introduction of our
Wafer concept for throw-away
tools, PMCT has developed the
Opti-Gash™ hob.,

This hob, designed for a specific
production application, optimizes
the hob design for maximum
benefits in productivity and
generated gear geometry.

Until now, most hobs have been
designed with the minimum
number of gashes to produce a
required gear tooth geometry cou-
pled with the maximum number
of available resharpenings.

Today’s high costs of operation
demand hmgher production rates
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of greater accuracy n
fewer, more expensive machines.
The Opti-Gash hob has been
developed to meet these demand-
ing and conflicting requirements.
Our engineers designed this hob
around a specific chip load and
created a tool having an optimum
number of gashes at a diameter
and length to suit the machine
capability and part requirement.
The result is a hob which will
produce a high degree of form
accuracy —and a machine cutting
load generating low-spindle
torques — producing as a conse-
quence the highest possible lead
and index accuracy.

The low chip-load, high-quality
tool steel and coatings, along with

Pfauter-Maag Cu

Limited Partnership
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~ efficient cutting geometry result

in higher cutting rates and many
more pieces per sharpening than
with conventional solid or
segmental hobs.

The resulting reduction in machine
change-over time, resharpening
and recoating costs more than
compensates for the reduced
number of available sharpenings.
Accuracy? The Opti-Gash is
available in all accuracy classes -
better than AA DIN or AGMA
standards if required. For a spe-
cific proposal on an Opti-Gash
hob for your application, send
full part and machine data to your
local representative or contact

the PMCT sales engineer for
your area.
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1351 Windsor Road. P.O. Box 2950, Loves Park, IL 61132-2950 USA

Telephone 815-877-8900 -
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[tstime tolookat Hofler
inaditerent way

We've added a new
dimension in service
and support to our
advanced 3-D gear-
measuring machines.

If you haven't looked at us lately, here's some big news:
Hofler CNC gear-measuring machines and software now come
from the Industrial Measuring Technology Division
of Carl Zeiss, Inc., a world leader in coordinate
metrology equipment.

As the gear experts at Zeiss, Hofler is
now more responsive than ever. Qur full-service
locations across the U.S. provide whatever you
need—sales, operator training, maintenance or
replacement parts.

An extra dimension in speed and precision.
All Hofler machines feature a unique three-

dimensional probe head that allows faster, more accurate
testing of profile and lead. Even the simplest Hofler model
is more precise than any competing machine in the industry.
Hofler products include the ZME series for cylindrical
gears, the EMZ series for universal gear measuring, and the
ZMC model for your most demanding laboratory, 3-D and
bevel-gear applications. You can also choose from three
distinct software packages that run on a networked or stand-
alone IBM AT-compatible or Hewlett-Packard computer.

Call today for literature or a demonstration.

1-800-888-1967sx.

HUFLER |
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Tired of rejects?

Tired of inadequate
inspection capabilities?
Tired of promises
and no action?

Tired of gear suppliers
that make you look bad?

1
®
>

Tired of just
smooth talk?

Our quiet gears
do all the
talking for us!

= Crown Hobbing for noise reduction and misalignment compensation.
» Hard hobbing with carbide hobs after heat treat as a substitute for gear grinding.

= CNC hobbing and shaping alignment programs for varying teeth and pitches and special
forms such as flexible couplings or high helix worms and camshafts.

New Services
= CNC analytical gear inspection.
* Double flank roll checking with SPC of individual elements: total composite error,

tooth to tooth error, run out and average center distance.
» Hob Sharpening: carbide and spiral gash capability. I
FOREST CITY GEAR

PO. BOX 80 '

11715 MAIN ST.

ROSCOE, IL 6 1 073 "_"‘\ Member of the
(815) 6232168 @ -

FAX (815) 623-6620
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TERN COLLECTIBLES

Bought & Sold:
* Bridles * Belts
* Buckles # Bolos
# Clothing # Chaps
* Bits * Spurs
# Books * Saddles

(213) 202-9010 by appointment
(213) 202-1340 (fax)
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oS 5-AXIS CNC
U™ 4ypoin TooL SHARPENER

Sharpens both bodies with integral blades
and stick blades

« Accuracy - All grinding « Full Probing Capabilities -
operations completed in a For both part and wheel
single step. location.

v Rapid Setup or Changeover— + CBN Wheel - For better
Bodies to blades, roughing to surface integrity and finish,
finishing, other diameters. longer tool life.

These features result in unprecedented productivity.
CONTACT US FOR FULL DETAILS.

/[ELK RAPIDS ENGINEERING
Subsidiary of Star Cutter Company
j}mo Industrial Park Drive » P.O. Box 728 » Elk Rapids, M1 49629

Phone 616/264-5661 » Fax 616/264-5663
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Bourn & Koch Machine Tool
Company, Rockford, Illinois
Provides Unique Solutions
to Solve Gear
Manufacturing Problems

Problem - A small fractional horse-
power motor manufacturer required quieter gears
for his speed reducer gear boxes. These motors
were used in office and computer products and
were 100% inspected for noise level prior to
shipment.

After the existing manufacturing equip-
ment and method of processing was evaluated,
Bourn & Koch determined that the BEST FIT
SOLUTION was to better utilize the equipment
by providing a gear manufacturing solutions
seminar,

A one day seminar was presented with
emphasis on controlling the design, processing,
blank and hobbing quality, as well as the items
that had an influence on gear noise transmission.

The seminar was presented to the opera-
tors, inspectors, engineers, and supervisors in a
classroom type of setting. Each attendee re-
ceived atext book for reference in solving future
problems.

End Result - Bourn & Koch Best Fit
Solution provided a better understanding of
gear manufacturing and the factors most im-
portant on producing quieter gears. Class AA
hobs are now being sharpened to Class AA
tolerances, and blanks being controlled by gear
quality requirements,

Problem - A portable electric tool
manufacturer with many mechanical Barber-
Colman Hobbers required more accurate change
gear set ups that worked the first time and fit the
gear boxes without trial and error.

Helical pinions and gears required
“hobbing to green leads™ due to heat treat distor-

tion after hobbing.

On differential type hobbing machines,
an accurate method of calculating ratios with four
gears, using change gears from 20 to 100 teeth
was also necessary.

A BEST FIT SOLUTION was to pro-
vide four computer software programs which
provided the set ups and the processing informa-
tion with the routings.

End Result - customer now has several
people trained to use the gear software for change
gear set ups, production estimating. The cus-
tomer can also calculate four gear ratios which
will achieve specific accuracies using a standard
complete set of change gears,

Application determines the BEST FIT
SOLUTION. Not every application can be ad-
dressed by new single purpose or new universal
products. Even though Bourn & Koch has a full
line of CNC and manual hobbing and gear shap-
ing machines, we evaluate the application and let
the solution determine whether new equipment or
better utilization of existing equipmeént is the best
solution.

Your BEST FIT SOLUTION my not
always be as easy to define as these, but with the
help of industry recognized personnel from Bourn
& Koch, we will strive to provide the type of
service that gives you unique solutions to your
gear manufacturing problems.

DouURN
s |40Cl4 macHINEZ TOOL CO.

2500 Kishwaukee St.
Rockford, IL 61104
815/965-4013 FAX 815/965-0019
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BOURN & KOCH MACHINE TOOL CO.,

a manufacturer of precision products since 1975
adds new dimensions to the Hobber & Shaper
line acquired from Barber- Colman Company.
Tapered Root spline hobbing, automatic hob
clamping, and water soluable coolant capabilities
are our standard options.

Model 16HCNC-56

16HCNC Series

Available in 16, 36 and 56 Models
Max. Work Diameter.............ceo... 16"
Max. Work Length....... 16", 36", 56"
Max. Hob Diameter............ccoeveree. 6"
Max. Hob Length.............. 7

Crowning, Double Cultiné‘.“ﬁ;(.l-i.alf
Tangential worm gear cycles.

The machines are controlled by a 32 bit NUM
760E Gear Hobbing CNC Controller which is
especially designed for hobbing,

Model 300HCNC

JOOHCNC Series

Available in 300, 400, and 600 Models
Max. Work Diameter.... 12", 16", 25"
Max. Work Length..... 40", 48", 144"
Max. Hob Diameter................. B

Max. Hob Length........coccocriercsn T
Also offers Carbide Hobbing capabilities.

OouRN
&S 1H0CIHH

macHINe TOOL Co.

2500 Kishwaukee Street
Rockford, IL. 61104
(815) 965-4013

Fax (815) 965-0019

T e = e
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1. Can we get complete inspection of
both gears and cutting tools?

With the M & M QC 3000 System, the answer is

yes. The system will test lead and involute profile
characteristics of internal or external gears and splines.

It is the only universal gear tester available which provides

true index testing without expensive attachments. In addition,

we have fully-developed software for checking hobs, shaver
cutters, shaper cutters, and other cylindrical parts such as
worms and cams.

Hob Pressure Angle Check Shaver Cutter Lead Check

2. Can you customize software to meet our quality-
inspection specifications?

At M & M Precision, we write and develop our own inspection
software. Our technical team can and has implemented in-
spection specifications into specific software for individual re-
quirements. Our current library includes line/curve fitting as
well as modified K-chart analysis routines.

Line/Curve Fitting Modified K-Chart Analysis

Before you buy a CNC Gear
=5 Inspection System, ask
L these four questions

3. OK, you can inspect gears

and cutting tools. What else is available to

aid us in quality control of the manufacturing

process?

At M & M Precision, we have fully integrated such advanced
software packages as Statistical Process Control and Tooth
Topography into our standard testing software. Our SPC pro-
gram can identify non-random variations and provide early
warning of variations which are approaching tolerance limits.
Our Tooth Topography software features automatic testing of
lead and involute at multiple locations and provides two- and
three-dimensional graphics.

SPC Run Chart

Topological Map

4. Do you have the technical support team and in-
stallation experience to back up the hardware and
software provided?

At M & M Precision, we have a technical team with over 45
man-years of experience in developing CNC gear inspection
hardware and software. All software for our QC 3000 System
has been developed in-house. In addition, we have working
installations at these leading companies:

» General Motors » Cincinnati Milacron
* TRW » Chrysler

 Ford Motor » Pratt & Whitney

* Warner Gear » Rocketdyne

For details on our advanced QC 3000 System and available
software, contact M & M Precision Systems, 300 Progress
Road, West Carroliton, Ohio 45449, 513/859-8273.

M&M PRECISION
&G¥sysTEMS

AN ADME -CLEVELAND ¢

INAELA N
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ext year will be the 500th
anniversary of Christopher
Columbus® famous “dis-
covery” of America. Poor
fallen on

Columbus has

hard times of late, what
with revisionist historians

smacking their lips over his

more notable failures and reminding us
that American natives have a vastly
different point of view on this Great
American Success Story. But before
we relegate the Great Navigator to the
scrap heap of trashed-over heros, let’s
take one last look at some of the posi-
tive lessons to be learned from the
Columbus experience - ones that could
be instructive to our current situation
in the American gear industry.
Whatever other complex factors moti-
vated Columbus and his fellow explor-
‘ ers to travel, and the various kings,
| governments, and bankers of Europe to
| finance their adventures, one undeni-
‘ able goal was the opening of new mar-
kets. Our European ancestors got into
the exploration business to make money.
They were looking to open up trade

What they found, of

routes to Asia.
course, was something else entirely,
but those trade routes were what they
were looking for to begin with.

The decision to finance Columbus’
voyage was a business decision too. It
was based on the time-honored rule that
risk and reward tend to be proportional -
the bigger the risk, the bigger the pos-
sible reward at the end.

And never doubt the nature of the
risks. It wasn't just that no one in Eu-
rope was certain of what lay in the West-
ern Atlantic, and that most contempo-
rary maps showed a big, blank space
there and the ominous warning, “Here
there be dragons.” Nor was it just that
even a state-of-the-art ship of the day
was one most of us would be reluctant
to take for an afternoon sail in a mild

chop off Oak Street Beach in Chicago.

The Nina,
The Pinta,
And The American
Gear Industry

Some of the risks would sound
quite familiar to us today. The “bean
counters” in the Spanish court were
“bottom line”™ men too. They were
being asked to pay out a lot of money
with only a dubious promise of some-
thing in return. And they weren't all
that familiar with the markets they were
trying to break into. Contemporary re-
ports were vague, closer to fairy tales
than hard data. All they knew for sure
was that vast wealth was to be had by
the person willing to overcome the
obstacles, but that these were formi-
dable. There were different languages
and customs that could get the unwary
into trouble-if not caten-and sophisti-
cated, knowledgeable traders who
would strike a hard bargain and were
reluctant to let newcomers share their
markets. Evenifone survived the voyage
and the dragons, the competition could
be, literally, killing.

The more cautious among them had
other good reasons for not straying far
from their home markets. It was certainly
easier and safer and cheaper to do busi-
ness with their familiar neighbors. They
already had established customers. The
older trade routes maybe weren't the
best, but they were familiar. The risks

were at least known ones.

PUBLISHER'S PAGE

And what happened if Columbus was
wrong? What if he got eaten by those
dragons? What if the earth really did
have an edge, and he and his ships
sailed over it into nothingness? What if

those “Indians™ wouldn't sell them their

spices, and who knew how 1o speak
Chinese anyway? Sure, there might be
all the riches of a vast, wealthy conti-
nent if they succeeded, but what if they

yor §
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lost their investment?

The decision to enter new markets
hasn’t changed. It's still a voyage into
unknown territory, full of risks and un-
foreseen problems. The dragons may
have changed the color of their scales,
but they're still waiting out there, and
nobody’s investment i1s guaranteed.
But the rewards haven't changed ei-
ther. For the courageous, patient, and
persistent, they can more than cover
the risks and expenses,

In the Spanish court, the risk-takers
won out, and the rest, as they say, is
history. True, the course of success was
not smooth. Columbus was lost for
much of his voyage to the New World.
After he landed, he thought he was
someplace else. He never did find the
markets he was really looking for. He
and his followers made a lot of expen-
sive, tragic mistakes in opening the mar-
kets they did find. But they persevered.
They learned. And in the end, the suc-
cess was ol epic proportions.

Our situation in the American gear
industry is not unlike that of those bean
counters in Queen Isabella’s court. For
every powerful motivation we have for
seeking out new markets overseas, there
seems to be an equally good reason for
sticking close to home. Money is tight.
The economy is shaky. The foreign
competition is stiff. The economies in
some of our most likely markets are com-
plete wrecks, and the paperwork neces-
sary to get into foreign markets could
reforest a small, third-world country.
Can we afford to spend the money we
have on risky ventures that might take
years to pay off or might not pay off at all?

Can we afford not to?

What the visionaries in the Spanish
court in 1492 knew was that, risky or
The

push to explore was on. Economic and

not, they really had no option.

social pressures all over Europe were
demanding the widening of vision to

include the rest of the world. If the

'n GEAR TECHNOLOGY

Spaniards didn’t reach for the new mar-
kets, one of their neighbors - Portugal,
France, England - would.

The situation is the same today. The
pressures of history demand that we
broaden our horizons again. Like it or
not, we live in a global village, and
plenty of our neighbors are already ag-
gressively exploring the opening mar-
kets of Eastern Europe, Asia, and
South America. With our own markets
at home shrinking and our industry
growing smaller and smaller, can we
afford not to develop new markets both
at home and overseas?

Much of the American gear industry
seems to me to be stuck in a timid,
conservative mind-set where we are re-
luctant to take the risk of marketing

ourselves aggressively - either at home

PUBLISHER'S PAGE

orabroad. Like some of Queen Isabella’s

bean counters, we see the world as lim-
ited to our own corner and are content to
leave it that way. Let someone else run
the risk of sailing off the edge.

This timidity will be our undoing. In
the tough economic climate we face to-
day, the gear manufacturers who are
succeeding are the ones willing to take
the risks and face the unknowns. They
are willing to explore new markets here
at home or in Eastern Europe, Asia, and
South America, and never mind the fact
that the profit might not be instant, or
that they might make some mistakes
and have some colossal lailures.
They're gambling on their ability to
find and develop these new markets.

It's a necessary gamble. We either
get out our maps, load our ships, and

gel moving, or be left behind by the

//

people who do.

Michael Goldstein
Publisher/Editor-in-Chief




KNC-60 Gear Generator produces
Spiral Bevel gears up to 600 mm.

ADVERTORIAL

Technological Advances. . .
a Major Benefit Of
Gear Industry Mergers

Toattendees of AGMA's Gear Expo "91 (Detroit) it was
obvious that spiral bevel gear producers are due for major
advances in gear making and testing equipment. Nowhere
was it more evident than at Booth 101, where Klingelnberg
and Oerlikon demonstrated some of their capabilities. The
(March, "91) joint venture of West German-Klingelnberg
with Swiss-Oerlikon consolidates some of the best gear
equipment technology in the world.

Together, Klingelnberg and Oerlikon will optimize their
technologies to benefit all gearmakers. Oerlikon brings
savvy from high
volume, automo-
tive-type produc-
tion of smaller di-
ameter Spiral Bev-
els. Klingelnberg's
universal cutting

systems cater to the

needs of smaller
run, high quality,
larger OD produc-
ers. Both have fine
testing equipment. As the companies blend their product
offerings, gearmakers
will be the beneficiaries.
The results will lie with
shorter, more cost-effec-
tive run cycles; faster
changeovertimes; higher
quality levels; coordi-
nated testing equipment.

Testing and
documentation

is quicker and more
accurate on a PNC 60).

At Expo "91, the combined companies demonstrated a
KNC-60 Gear Generator, (Figure A) and numerous Gear
Testers (Figure B). The new OPAL parallel axis gear
grinding system also attracted buyers’ attention (Figure
C). The OPAL delivers exceptional accuracies and has
CNC controlled dressing of either conventional or CBN
grinding wheels. This added flexibility permits cost-ef-
fective production of small-to-medium quantities of Spur
or Helical gears for the Automotive, Aircraft or Machine
Tool industries,

The Klingelnberg-Oerlikon joint venture will also chan-
nel development energy on a common path for vibration
control, noise reduction and software development. In
today's climate of global com-
petitiveness, the importance
of technology has never been
suchacritical issue. The com-
bined companies, working to-
gether, will set the pace for
gearequipment innovation for
years to come.,

Housed in the Klingelnberg
Gear Technology, Inc. head-
quarters at Strongsville (OH),
the combined resources of
Klingelnberg and Oerlikon offer a single source for sales,
technical service and maintenance for all their product
lines.

For further information, contact:
Klingelnberg Gear Technology. Inc.
15200 Foltz Industrial Parkway
Strongsville, OH 44136

Phone (216) 572-2100 FAX (216) 572-0985
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The OPAL 420 control svstem
speeds grinding and changeover
of Spur and Helical gears.



EXPERTISE...

..the GMI difference

Gearmakers today face many challenges—quality,
service, reliability and pricing are probably the most
critical. Those who succeed in today's competitive
marketplace often align with vendors that deliver
extraordinary value—consistent high quality
products, pertinent technical support and personal
expertise. GMI is such a vendor.

Ask us about the GMI difference and our innovative
new product...the Mutschler Model 450 Chamfer
and Deburring Machine Tool. It features state-of-the-
art controls, up to four Rotex arms, for pre-program-
med finishing operation on up to 20" OD gears.

Get complete details. Call Bill McElroy at our
Cleveland offices. He will put GMI gearmaking
expertise to work for you!

P.O. Box 3108
6708 lvandale Dr., Cleveland, OH 44131
Phone (216) 642-0230 FAX (216) 642-0231

CIRCLE A-12 on READER REPLY CARD




Product Liability Defense

t's every gear manu-

facturer’s nightmare. :
Your company has :

been named as a de-
fendant in a product liability
suit - one involving serious
injuries and death. You're
facing endless court appear-

ances, monumental legal :

fees, and, possibly, seven-
figure settlements out of
your coffers. The very ex-
istence of your business
could be on the line. The
question is, how do you pre-
vent this nightmare from be-
coming a painful reality.

Recently Gear Technology
talked to Elliott Olson, a part- :
© contract needs 1o be very spe-
Haight, Brown & Bonesteel, :

ner in the Los Angeles firm of

lawyers specializing in prod-
uct liability defense, about
protecting your firm from ru-
inous product liability suits.

He recommends the follow- :

ing seven strategies: Indem-
nification, Compliance, De-
tachment, Commitment, Con-
trol, Warming, and Defense.
Indemnification. First try

to get a contract with the final ;

product manufacturer to in-
demnify you in any lawsuits
that involve your product. If

you have indemnification, he :

is responsible for the defense
in the event of a suit. At the
same time, that defense can
be somewhat simplified; and
the more complicated a suit
is, the more protracted - and

Lawrence M. Kohn

: expensive - it will be.

The risk of such indemni- :
fication to the final product :
: manufacturer is small, espe- :
cially if you are a long-time
. supplier. It has its own inspec- :
: tion procedures and presum-
: ably knows your product as :
well as its own. The costs of :
adding your defense to its in- :
: surance is probably not sig-
: nificant, and may also enable
: the manufacturer to buy com-
: ponents at a lower price, since
you will not have to add the
 costof additional insurance to :
your price.

If such a deal can be ar-

ranged, the wording of the :

cific. Olson warns, “It is a
: slight trick to properly draw :
: up such a contract. The best :
: way to do it is to get the final :
: manufacturer to ‘indemnify, :
defend, and insure against :
: all claims, liability, etc., in-
: cluding those arising from :
. the sole negligence or defect :
: of the product manufac-
: tured by the gear company.'™ :
But what if you donot have :
: or cannot get such a con- :
tract? Then how do you pro-

: tect yourself?

Compliance. Make sure

your product complies with
all government regulations
covering it and with any ap-
plicable voluntary standards,
such as those of ANSI, SAE,
: or AGMA. This provides an :

Seven strategies for minimizing your risk

GEMENT MATTE

- external, objective indication :
* of quality. A well-run quality

- criteria can be fatal.

fense is to establish an ap-

your company and the final
product manufacturer. You :
should be aware of the final :
product application and
whether the it goes beyond
the limits of its design criteria.
Olson explains, “If the tractor
or whatever was designed 1o
: pullaplow, andit’s now being
used as a battering ram, and
the gear manufacturer knows !

that his gear is not adequate

: for that use, he should take
. steps to protect himself, either
: by warning the manufacturer

or final user not to use it for
that application, or by beefing
up the gear.”

However, since the likeli-
hood of this prior knowledge

is slim, you should include in

Managing a business

: today is hard work. Let
: control department is also an ! "ManagementMattets"
|mp0|jl;mldclcnse.()lsnnsuys. . lend ahand. Tell uswhat
: “Obviously, the proper qual- : ;

. S . ... . management mattersin-
ity control is essential.” Fail- : :
: ure to comply with your own : terestyou. Writetousat

- P.0.Box 1426, Elk Grove,

Detachment. A third de- - IL, 60009, or call our staff

© at (708) 437-6604.

propriate distance between :

the contract of sale a statement
that the gear use should be
limited to the specific purpose
intended. “The gear manufac-
turer should at least have some
specifications to which it is
manufacturing the gear and
make sure that the component
is designed beyond the endur-
ance limit of those specifica-
tions,” says Olson.

Lawrence M. Kohn

is a Los Angeles-based
marking consultant, writer,
and media personality. He
specializes in business-
related subjects and was
the hosr of KIEV Radio's
“It's Your Business"”.
Among the subjects of his
interviews has been former
president, Ronald Reagan.
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On the other hand, be wary :
of becoming too closely in-
volved in the design of the :
final product. According to -

Olson, the danger is this:

“Each entity in the stream of
commerce of a product is li-
able if the product is defec-
tive. If the tractor has a char-
acteristic which causes it to :
lose steering, yet the gears :
provided are adequate, the
tractor manufacturer and all :
entities down the line, includ :
ing the distributor and the :
dealer, would be liable, but

the gear manufacturer would :

not be, as long as the gear

: maintenance simplification,

in safety should come at the
design stage, not later in the
courtroom.

Control. A fifth strategy

: is to maintain careful control
: of documentation. Sloppily

worded documents can be fi-
nancial time bombs. Be wary
of the wording of justifica-
tions for design changes.
Phrases like, “change made
to avoid field failures,” or
“change made in order to
prevent lawsuits,” are deadly.
Eitherdon’tdocument the rea-
son at all or give other valid

reasons, such as cost cutting,

MANAGEMENT MATTERS

didn’t fail or break, or unless :

the gear manufacturer par-
ticipates in the enterprise in
some way, such as recom-
mending how the gears should
beused, how the tractor should

be used, or making recom- :

mendations as to the owners’
manual, etc.”
Commitment. Commit-

ment to safety is the fourth :
defense. No one sets out to :

deliberately make a product :

that will kill or injure some-

one, but sometimes safety :
concerns are lost sight of or :

overridden by other consider- :

ations. Management must in-

still an overall sense of com- :
mitment to safety in all de-
partments. Simply put, a bal-
ance has to be struck between
putting out a product that’s
too expensive and one that
will cost more in the long run

because of some catastrophic :

failure in the field that will

cost life and limb. Olson says,
“One of the most expensive :
things you can do is kill :
somebody or make someone

a quadriplegic.” Investment :

or performance improve-
ment. Don’t admit to safety
problems that don’t exist.
Every company needs a
realistic document retention
program so that useless or
potentially damaging papers

: are not kept around for long
: periods of time. One such

document is what Olson calls

the “God-help-us-if-some-
thing-goes-wrong” memo,

Suchdocuments, usually cre-

. ated in the heat of discus-

sionsovera projected change,
are also potential disasters.

Of them Olson says, “There

: is no need to create such a

document or to keep it.”
This is not meant to dis-
courage discussion of safety
questions, and unsafe prod-
ucts should never go to mar-
ket. Where the problem arises
is in the careless use of lan-

guage. Olson recommends

. that all employees be made

aware of the potential dan-
ger of the kinds of things
they write. A careful program
of education of employees in

proper documentation can




save a lot of headaches.

Warning. A sixth strat-

egy is to be very careful :

about the wording of any
product warnings, installa-

tion and operating instruc-

tions, etc. Don't fall into the :
trap of thinking that warn- :

ing against every conceiv- :

able danger will protect you
from suits. You cannot pos-
sibly warn against all the

possible dangers, and over-

warning degrades the value :

of the notice.

Warnings should cover the :
unexpected. Says Olson, :

“Don’t warn against obvious

things. Don’t warn drivers
not to run into people while
driving. On the other hand, if
you have a clear, odorless
liquid that is a deadly acid,
the bottle should contain :

some kind of warning.”
Depending on the prod-

uct, having it reviewed by a

product liability lawyer, :
preferably one with product :
liability trial experience, an :
engineer with product liabil- :
ity experience, and, perhaps, :

a human factors engineer may

be a wise move. Olson says, °
“Sometimes defects can be :

easily corrected if discovered :

by such a review,”

Defend. Suppose you

have taken all these precau-

tions and sull find yourself

confronted with a product li-

ability suit. Olson’s advice

in this case is to be prepared

to aggressively defend your- :

self and preferably take con-

trol of the defense. Don’t

just turn the defense over to !

your insurance company,

thinking, well, we pay a lot :

of money for this policy, so : 7. :
=] - Foranswers to questions about

let them worry about it.

Many times insurance com-

. panies are tempted to take

the safe way out, settle the

case, and then later raise your

. rates or drop your coverage
: entirely. This could be unfair

: 1o you in a number of ways.

Chances are, nothing is
wrong with your product. Its

design is based on sound en-

gineering practice. It meets
: all the standards, codes, and
: regulations, and there's

: nothing wrong with it, ex-

cept someone has misused

. il. Accepting a settlement in

such a case can cost you

money you shouldn’t have

‘1o pay and can hurt your

Co Il‘lplll'l'\" STIe plllil[ ion,

The decision to launch

ian aggressive defense

should be made long before
the possibility of a law suit

arises. It should be discussed

: when you are negotiating
¢ your liability insurance cov-

: erage. “That’s the time to

negotiate the right to iden-
tify your own counsel,”
says Olson.

Once you've made the de-

cisiontoaggressively defend

: yourself in such suits, you

must also be prepared to
present witnesses and com-

pany personnel to assist in

: the preparation and defense

of cases. But this investment

- may be well worth it in terms

¢ of a final settlement.

Protecting your company

from product liability suits is

: acomplex, ongoing process.

It requires forethought, care-

¢ ful planning, and a long-term

: commitment, but ultimately,

that extra planning will pay

off in added protection when

the worst happens. B

* this article, circle Reader Ser-
: vice No. 79.
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Design Guidelines for
High-Capacity Bevel
Gear Systems

Raymond J. Drago
Boeing Helicopter, Philadelphia, PA

Abstract: The design of any gearing systemis a
difficult, multifaceted process. When the system
includes bevel gearing, the process is further
complicated by the complex nature of the bevel
gears themselves. In most cases, the design is
based on an evaluation of the ratio required for
the gear set, the overall envelope geometry, and
the calculation of bending and contact stresses
for the gear set to determine its load capacity.
There are, however, a great many other param-
eters which must be addressed if the resultant
gear system is to be truly optimum.

A considerable body of data related to the
optimal design of bevel gears has been devel-
oped by the aerospace gear design community in
general and by the helicopter community in
particular. This article provides a summary of
just a few design guidelines based on these data
in an effort to provide some guidance in the
design of bevel gearing so that maximum capac-
ity may be obtained. The following factors,
which may not normally be considered in the
usual design practice, are presented and dis-
cussed in outline form:

* Integrated gear/shaft/bearing systems
+ Effects of rim thickness on gear tooth stresses
* Resonant response

Nomenclature

D = Harmonic index, integer D=0, 1, 2...
f = Tooth mesh frequency and harmonics
k = Integer multiplier, k=1,2, 3.,
n = Number of gear teeth
N = Rotational speed, revolutions per second
Q = Number of mesh points on gear
Wn = Weight of helicopter damping ring, pounds
W, = Weight of gear rim, pounds
n = Natural frequency, Hertz

Integrated Gear/Bearing/Shaft Systems

Bevel gears are typically manufactured as
blanks and then attached to their shafts by a
variety of techniques including keys, bolts,
splines, and the like. The existence of these
joints increases the weight and complexity of the
finished assemblies while reducing their reli-
ability, accuracy, and effective load capacity. In
spite of these limitations, the two-piece shaftand
gear assembly remains the most common con-
figuration because it is the easiest system to
design and manufacture. In addition, bearing
journals are provided for assembly of bearing
races, resulting in a multipart gear/bearing shaft
assembly with many potential faying surfaces.

In applications in which weight and reliabil-
ity are critical considerations, these joints and
faying surfaces have been the subject of consid-
erable research. The primary operational prob-
lem with these joints is fretting. Under the com-
bined conditions of high stress and a fretted
surface, a crack can initiate at this joint and, if
undetected, can progress to failure. This prob-
lem is significant for the typical helicopter appli-
cation; thus, much effort has been devoted to
coatings, platings, lubricants, and similar de-
vices aimed at reducing the long-term effects of
fretting and the ensuing corrosion. The obvious
final solution to the problem is, of course, the
elimination of the joints and faying surfaces
altogether. This can be accomplished either by
welding or by designing integral gear/bearing/
shaft configurations. The former technique has
worked well in many applications, but intro-
duces potential new problems associated with
the weld itself. The optimum solution is, there-
fore, integral design. Because of the complex
geometry of bevel gears and the offset generat-



ing motions of the cutting and grinding ma-
chines, this is easier said than done, especially in
the case of complex shafts with projections at
both ends of the gear.

The original impetus behind the growth of
this technology was the development of the CH-
47D helicopter. A decision was made to elimi-
nate all bolted bevel gear joints, either through
integral design or welding. Integral design was
selected because of lower developmental costs
and greater inherent reliability.

The first step in the design of complex, inte-
gral-shaft spiral bevel gears is the definition of
the path of the cutter with respect to the gear
blank. We have developed a computer program
which uses manufacturing machine settings to
produce plots of the path of various points on the
cutting and grinding tools, as Fig. 1 shows.

TOEROLL ey ROLL
PATH OF POINT

ON GRINDING
WHEEL BODY

PATH OF
CUTTER
BLADE TIPS

ACCESSORY DRIVE
GEAR INTEGRAL
ACCESSORY WITH SHAFT

DRVEGEAR  (THREAD, KEY, AND
LOCKNUT
SHAFT ASSEMBLY REILfean
ELIMINATED] npioy

WITH SHAFT

;
4

14.7-INCH
PITCH

/ FIRST-STAGE
BEVEL GEAR {33NCH  CARRIER SUPPORT  DIAMETER
BOLTED TO PITCH BEARING JOURNAL SUN GEAR
SHAFT > DIAMETER  INTEGRAL WITH INTEGRAL
1243 SHAFT WITH
SUN GEAR INTEGRAL WITH SHAFT SHAFT
L£H-47C FORWARD SUN/BEVEL CH-470 FORWARD SUN/BEVEL

Fig. 2 - Comparison of CH-47C and CH-47D gears.

ENGINE TRANSMISSION
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INTEGRAL ROLLER
BEARING INNER
RACE

INTEGRAL ROLLER
BEARING INNER
RACE

AFT TRANSMISSION

SUN/BEVEL GEAR
INTERNAL CARRIER
SUPPORT BEARING
JOURNAL

FORWARD TRANSMISSION; I’

SN T INTEGRAL CARRIER
INTEGRAL MAIN SUPPORT BEARING
ACCESSORY JOURNAL
DRIVE GEAR

Fig. 1 - CH-47D forward sun/bevel gear with
grinding wheel tip and body point plots.

Graphic layouts and model checks are used to
ensure that a proper cutter and shaft design can
be obtained in order to achieve an integral gear
design. Machine and cutter mudiﬁcaliunls have
been developed to achieve these results.

Based upon these developments, all of the
CH-47D spiral bevel gears were designed to
eliminate all bolted or splined joints. A typical
comparison of the CH-47C and CH-47D for-
ward transmission sun/bevel gears is shown in
Fig. 2. The concept of integral design was ex-
tended beyond the elimination of the bevel gear
bolted joint to total integration. For this gear this
included the integration of an accessory spur
gear and a journal for bearings. The final design
of the CH-47D sun/bevel gear incorporated three
bearing journals and three gears (two spur and
one bevel) into a single integral shaft/gear design.

Fig. 3 also shows the integral bevel gears for
the aft and engine transmissions. The engine
transmission bevel gear required a significant
design change in the center portion in order to

Fig. 3 - Representative example of a integral spiral bevel gears for the
CH-47D helicopter.

eliminate cutter interference.

Furthermore, the power transmitted per pound
of gear has been increased, as shown in Table 1,
by at least 10% and as much as 20% for the
growth power level of the CH-47D bevel gears
(10,000-hp system) as compared to the CH-47C
gears (6,000-hp system). The philosophy of in-
tegral design has been taken several steps further
in the CH-47D transmissions, permitting a more
compact (relative to power transmitted) and more
reliable drive system than that of the CH-47C.
All of these improvements have been made with-
out significantly increasing the gear tooth stress
levels over those of the CH-47C.

The projected production acquisition cost of the
integral CH-47D gears is virtually the same as
that for the conventional bolted shaft assembly, Raymond J. Drago

is Associate Technical

= Fellow, Dynamic Systems
lower because of reduced rejections at overhaul 7o chnology, ar Boeing

while the life-cycle cost will be significantly

for joint-related problems. The rejection rate is  Helicopters. He is the
author of numerous books

and papers on gearing
the joint will greatly lessen rejects. This conclu-  subjects.

quite high for such problems; thus, eliminating
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Relative Weights of CH-47C Bolted Flange and

Table 1
CH-47-D Integral Bevel Gears

CH-47C CH-47D
(6,000-hp system) (10,000-hp system) Percent
Transmission (hp/lb) (hp/lh) Improvement
Forward 89 102 15
Aft 96 105 10
Mix 123 147 20
Engine 175 209 20

sion must be tempered somewhat, since with the
integral gears a non-repairable defect on the gear
or shaft will result in the entire component’s
being scrapped, whereas with separate parts, this is
not the case. This is a small consideration within the
context of the overall system and is far overshad-
owed by the improvements in weight, reliability, and
life-cycle cost.
Effects of Rim Thickness on Gear Tooth
Stresses

Many investigators have indicated that the ac-
curacy and applicability of currently available
equations for predicting gear tooth bending stress
are limited in some applications. Testing and ac-
tual field experience have verified the fact that
gears which are constructed in such a way that the
rim supporting the gear teeth is less than rigid have
tooth root stresses that differ substantially from
those predicted by conventional theory.

In order to overcome the shortcomings of the
existing analytical tools, several researchers have
addressed the problem in a variety of ways. Some
have proposed new approaches based on varia-
tions of simple beam theory, while others have
used finite-element methods (FEM). In addition to
these analytical efforts, many photoelastic and
strain survey investigations have been conducted.

Unfortunately, the vast majority of the research
(both analytical and experimental) has concen-
trated on the gear teeth themselves without regard
to the blank configuration. This research has been
demonstrated to be inadequate for lightweight,
thin-rimmed gears. In order to better understand

NOTE:
BACKUP RATIO = BACKUP
WHOLEDEPTH 1 [~ 08

PITCH CIRCLE T F{=—~ ROOT CIRCLE
BACKUP 029
: =t
D il
— — - d
L.
T00TH 4 s
HEIGHT (0.45
INCH) ;
I 40
8.0

Fig. 4 - Photoelastic test specimen configuration.
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this phenomenon, a series of investigations was
undertaken with a simple segment model. The
results of this testing clearly indicated that the root
stresses become much more significant as the gear
rim thickness is reduced.

In order to accurately evaluate the effect of
rim thickness, three different pitch diameters
combined with five rim thicknesses were evalu-
ated, as summarized in Table 2, in an extensive
series of photoelastic tests.”” In order that the
date from each test specimen could be directly
compared, the gear tooth configuration was the
same on all specimens, as shown in Table 3.

The gear blank construction was also de-
signed to be representative of an actual blank, as
shown in Fig. 4. The pitch diameter (D) and shaft
bore diameter (d) were the parameters varied
during the test. Radial support was provided for
the model at each end of the shaft, and one end
was clamped to provide torsional restraint.

In contrast to these test specimens, virtually
all photoelastic gear testing done before this
investigation was conducted with large tooth-
segment specimens. For example, in their
landmark work on stress concentration fac-
tors, Dolan and Broghamer used two-pitch, 14.5°
and 20° pressure angle tooth segments. (Fig. 5).

The gear tooth form for each specimen was
defined by a computer program developed as a
preprocessor for a gear FEM analysis system.*
This program provided accurate point-by-
point coordinate data for both the profile and
fillet areas. These data were transferred to a
Gerber 4400 plotting system on magnetic tape.
This computer-based system then scaled up
the data by a factor of 10 and provided se-
quential tooth plots on Mylar.'& The system
enabled the plot accuracy to be controlled
within a few thousandths of an inch. These
plots were subsequently used to manufacture
the actual specimens.

A line-master copy milling machine was used
to cut the gear teeth on all specimens. The 10-
times-size gear tooth plots were placed on the
copy mill tracer table and converted optically
back into digital coordinate data. The machine
then reduced the digital data to actual size and
used the signal thus produced to guide an end-
milling cutter which cut the actual tooth profile.
The speed of the cutter was kept high and the
feed rate low, so that the resultant parts had good
accuracy and finish; the accuracy of the finished



parts was about AGMA Quality Class Q 11.

Two-dimensional models were fabricated
from annealed polycarbonate plastic for the
8:1 through 2:1 specimens. These gears were
then bonded to aluminum-filled epoxy shafts
which were modulus-matched to the plastic blank
material (solid aluminum shafts were, however,
used for the 4- and 8-inch pitch diameter, 7.5:1
and 3.8:1 backup gears, respectively, to prevent
excessive lateral shaft deflection).

Three-dimensional models were required for
all the 0.45:1 specimens because the rim thick-
ness was only slightly greater than the shaft wall
thickness. The 3-D specimens were cast from an
epoxy-based resin system employed phthalic
anhydride and amine hardeners; the castings
were then machined to the appropriate dimen-
sions. In order to facilitate cutting the teeth on
the copy mill, the 3-D shafts were parted near the
gear tooth area and rebonded after the teeth were
cut. Fig. 6 shows a variety of the specimens used.

The 2-D model assembly - model, load arm,
and model restraint - was placed in the optical
path of a transmission polariscope, which per-
mits the analysis of the isochromatics (lines of
constant color) through the use of circularly
polarized light. The shaft was restrained radially
at both ends and torsionally at one end, while the
load was applied to the central tooth of the five-
tooth cluster. Load was applied at three separate
locations along the tooth profile: low point of
single-tooth contact (LPSTC). pitch line (PL),
and high point of single-tooth contact (HPSTC).
An isochromatic color photograph (35mm slide )
was obtained at each load location for subse-
quent analysis and documentation. The model
was then modified to the next configuration by
removing the gear from the shaft, enlarging the
gear inside diameter, and bonding to a shaft of
larger diameter (2:1 backup ratio),

The 3-D photoelastic models were loaded as
shown in the test schematic in Fig. 7. All three
positions, LPSTC, PL, and HPSTC, were loaded
simultaneously to conserve time because of the
“stress-freezing” procedure, which involves a
detailed heating and cooling cycle. Subsequent
to the “stress-freezing” procedure, the model
was sliced by machining off the ends of the shaft
so that a constant-thickness, 2-D model through
the gear tooth section remained. The slice was
placed in the polariscope and analyzed exactly
as the 2-D specimens were.

Table 2
Photoelastic Test Specimen Configuration Gear
Shaft
Dia. D Dia. d Dash Model
X : Backup ’

(in.) (in.) Ratio No. Type
16 8.70 8:1 1 2D
16 14.00 2:1 2 2D
16 15.40 0.56:1 3 D
8 0.75 7.5:1 4 2D
8 6.10 21 5 2D
8 740 0.56:1 6 D
4 0.75 381 7 2D
4 2.10 2:1 8 2D
4 3.40 0.56:1 9 iD

Table 3
Test Gear Tooth Geometry
Diametral Pitch 5.000
Pressure Angle 25.000
Addendum 0.200
Dedendum 0.245
Fillet Radius 0.062
Tooth Thickness 0.310
Tooth Form Involute
Root Configuration Circular fillet with no
undercut
Fig. 5 - Dolan and Broghamer test setup.
4-IN.P.D, 20, 211
16-IN. P.D, °©
20,21
8IN.P.D,
R 20,2
4-IN.P.D.,
30, 0.56:1 8IN. P.D.
3D, 0.56:1

Fig. 6 - Comparison of 2-D and 3-D test specimens,

The photoelastic stress analysis was perform-
ed by the color-matching technique, whereby
colors of known magnitude are matched to those
of the projected image. The ability to discern
partial fringe orders is typically £ 0.1 fringe,
assuming an initial fringe order of approxi-
mately 0.7 or more. Therefore, the accuracy of
this technique is directly related to the magni-
tude of the observed fringes. Throughout this
test program, the majority of analyzed fringes
were 2 or more, which resulted in an accuracy
of £ 5% or better.

The data obtained from the experiments were
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reduced and converted into stresses. The magni-
tudes of the stresses of and by themselves are of
little consequence, since we are primarily seek-
ing trends. Furthermore, since the models were
plastic, the loads and the resultant stresses were
quite low relative to those which one would
expect on a metal gear of the same size. Despite
these facts, it is always interesting to compare
experimental data to some known points. We
have already indicated that for gears with rela-
tively large rim thicknesses, the conventional
equations predict the maximum fillet tension
stress with reasonable accuracy. In order to
verify this observation, measured fillet tension
stresses for the test specimens with the largest
backup ratios were plotted as functions of load
position. This plot, Fig. 8, shows that the tension
stress at the highest point of single-tooth con-

3-D MODEL

d RESTRAINED
(5
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SCREW

Fig. 7 - Schematic of 3-D test setup.
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tact (HPSTC) is quite close to the predicted by
the conventional equations. The actual devia-
tion varies from about + 8% to + 13%, which is
reasonably good correlation.

The stress index calculated with the conven-
tional AGMA equations is based on the maxi-
mum tension stress. In fact, however, it is the
maximum alternating stress which determines
the fatigue load capacity of a gear tooth. With
this in mind, most of our ensuing discussion will
center on alternating stress levels. Before dis-
cussing the actual data, it would be wise to
establish some conventions for naming the stress
of interest. All of the raw data were reduced to
produce plots of tensile and compressive stress
as shown in Fig. 9 (which is the fringe data plot
for the 4" pitch diameter, 2:1 backup speci-
men, loaded at HPSTC) for each combination
of pitch diameter and backup ratio. The points
identified as fillet locations correspond ap-
proximately to the conventional AGMA criti-
cal bending section. When we speak of fillet
stresses in the ensuing discussion, they have
been measured at this location. Similarly, when
we speak of root stresses, they have been mea-
sured at the root location shown in Fig. 9. This
point corresponds to the location of the maxi-
mum alternating stress in the root. Generally, it
is quite close to the centerline of the space,
usually on the tension side.

Clearly, for unidirectional loading, the maxi-
mum alternating stress does not necessarily
occur at the same location as either maximum
tension or maximum compression. For bidi-
rectional loading (e.g., idler gear), the maxi-
mum alternating stress is usually the result of
the combination of maximum tension and
maximum compression.

Although we measured stresses with the load
applied at several points along the tooth profile,
the maximum alternating stresses occurred when
the load was applied at the highest point of
single-tooth contact. Our discussion will thus be
limited to this load case for all models.

One of the first results which became appar-
ent was that, while the trend was apparent, we
could not define a firm diameter effect. Our
attempts to define a rim thickness effect
were much more successful. A large amount of
data resulted from this testing, and the inter-
ested reader may consult Ref. 3 for more
detailed information.



In our analysis of these data, many param-
eters were plotted and evaluated. Perhaps the
most significant are the fillet and root alternating
stress and the alternating stress for fully reversed
loading shown in Figs. 10-12.

Although many subtle effects may also be
noted, the main trend shown in these plots is
quite apparent: the stress increases dramatically
as the rim thickness-to-whole depth ratio drops
below 2:1. The conventional AGMA equations
show no such effect. It is also interesting to note
that the measured stresses remain reasonably
constant as the backup ratio increases above 2:1.

Another parameter which is of interest is the
alternating stress that occurs when the gear is
subjected to a fully reversed load, as is the case
for an idler gear. As expected, the alternating
stress level is substantially higher than for either
the root or fillet locations when subjected to
unidirectional loading. For a given allowable
stress level, the load capacity is thus lower when
a gear is used as an idler. This fact is by no means
a startling revelation. Most designers incorpo-
rate a reduction factor when calculating idler
gear load capacities. AGMA standards recom-
mend that the allowable stress be reduced to 70%
of its unidirectional value for bidirectional load-
ing. Actually the allowable stress does not
change; rather, the magnitude of the alternating
stress changes. Thus, applying the correction to
the allowable index stress in accordance with the
AGMA standards is a convenience rather than a
factor. In order to define the actual reduction to
be expected, we have plotted the ratio of root
alternating stress to the fully reversed alternat-
ing stress in Fig. 13.

Based on these data, it appears that the 70%
suggested by the AGMA standards is a bit
optimistic for small diameters, but is certainly
reasonable overall.

We have clearly established the fact that the
measured stresses are quite different from the
calculated stresses. The calculated stresses are,
however, stress indexes rather than exact stress
levels, The difference between calculated and
measured would then be much less significant if
a constant relationship existed between the two.
It should be obvious that this is not the case,
since we have already demonstrated that the
measured stresses vary substantially with back-
up ratio, while the calculated stresses do not.

Plots of test data clearly indicate that a con-
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Fig. 12 - Alternating stress for fully reversed loading.
stant relationship does not exist, at least backup
ratios below 2, between the actual stress levels
and the conventionally calculated index stresses.
These data may, however, be used to develop a
rim thickness factor, K, which can be used to
improve the accuracy of the conventional equa-
tions. Fig. 14 shows this factor with data from
both the photoelastic test program and an in-
vestigation which used the FEM analysis to be
discussed in the next section superimposed on
the curves. The development and use of this
factor are covered in more detail in Ref. 5, and
the reader should consult this paper before
applying KB in design.

While these data have been developed with
spur gear models, the basic trends apply to
all types of gears. Great care must be exer-
cised when applying these results to bevel
gears with complex blanks, particularly those
with T-shaped sections. The hard point over
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the center section can act as a concentration
point for root stresses, further aggravating a
bad situation.
Resonant Response

Gear resonance is one of the most insidious
and destructive of all gear failure modes. It
generally occurs quite suddenly and with cata-
strophic results. Since a gear often fails by the
separation of large fragments from the blank, the
damage is usually extensive, especially when
high rotational speeds are involved.

The prevention of this type of failure is rela-
tively simple once resonance has been identified
as the causative factor. Either of two approaches
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may be taken: The gear can be redesigned so that
its natural frequencies do not coincide with any
operational excitation condition; or the blank
can be damped so that even if excited at its
natural frequency, the response of the gear is
small enough to preclude failure.

Resonance phenomena in gears, while not
widely treated in the literature, can be of con-
siderable consequence in the design of high-
speed, lightweight gearing. Should the blank
be excited at a frequency sufficiently close to
one of its resonant frequencies, deflections
and, hence, stresses can increase to levels
where failure can occur within a relatively
short time. Fig. 15 shows the increase in stress
resulting from operation near a resonant fre-
quency. Stress plots were obtained from
telemetered strain-gage readings during dynamic
transmission tests. Strain gages were located on
the flange of a spiral bevel gear. It is interesting
to note that although the torque remained con-
stant, a change in shaft speed of less than 9%
resulted in an increase in stress level of over
73%. In this example, a further increase in speed
of about the same magnitude would cause the
stress level to fall again to the 3,800 psi range.
The narrow speed band sensitivity is character-
istic of gear resonance problems.

The origin of resonant failure is at or near the
outermost part of the blank in the gear tooth root,
where the combined tooth-bending and blank
resonance stresses are maximum. The crack
progresses through the blank as shown in Fig. 16
and returns to the gear outer diameter, thus
removing a wedge-shaped fragment from the
blank. Gears which suffer this failure mode are
usually, but not always, operating at high rota-
tional speed; thus the high-energy fragment
causes considerable damage, as Fig. 16 demon-
strates. Because of the catastrophic nature of the
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Fig. 16 - Typical resonance failuer,




failures associated with this phenomenon, it is
possible that it will not be recognized as the
causal agent, and a general beefing-up of all
parts involved is undertaken as a fix for the
problem. In many cases, this will solve the
problem, since the resonant frequencies will also
be altered: however, the resulting design is usu-
ally heavier and more costly than necessary. Had
the resonant problem been recognized and dealt
with, the final configuration would have been
more cost- and weight-effective.

Mode Shapes - When a body is excited at its
natural frequency, the body will assume an os-
cillating deformed shape called a mode shape.
For a body of revolution these mode shapes can
be generally classified by the number of nodal
diameters (diameters exhibiting zero displace-
ment) occurring during the vibration deforma-
tion cycle. The number of nodal diameters con-
tained in a mode shape is referred to as the
harmonic index of the mode. Classification of
modes by their characteristic harmonic index is
helpful, not only as an aid in visualizing the mode
shape, but also in the determination of excitation
frequencies. In theory, a body of revolution is
capable of an infinite number of mode shapes for
each value of harmonic index. These mode shapes
are all unique and occur at unique characteristic
natural frequencies. The mode shapes consist of
various combinations of circumferential or ring
nodes, i.e., circumferential rings of zero dis-
placement. Fig. 17A is a sketch of the deformed
mode shape of a thin-walled cylinder (solid line)
superimposed on the undeformed shape of the
cylinder. This particular mode has a harmonic
index of 2, as evidenced by the number of nodal
diameters. Note the circumferential ring node
occurring at section B-B. Fig. 17B shows the
cylinder again responding in a harmonic index =
2 mode, but at a higher frequency and with ring
nodes at sections E-E and G-G.

Speed/Frequency (Campbell) Diagrams - It is
important to note that the mode shapes shown in
Fig. 17 represent the displacements at an instant
in time; at 1/2 cycle or 12 @ seconds later, the
displacements of the structure will be the negative
(with respect to the undeformed shape) of the
displacements shown. With this in mind, it can be
seen that for a stationary (nonrotating) circular
disk or cylinder, a rotating, steady (non-oscillat-
ing) force will induce constructive reinforcement

N=1wm/D (1)
By a simple change of reference system it
can be seen that this is also the case for a rotating
circular structure subjected to a force stationary in
space. This relationship is valid for values of
harmonic index D = 1, 2, 3... For the case of D =
0, no nodal diameters (purely axisymmetrical
mode shape), this criterion does not apply, since
anonoscillating rotating force will not excite this
type of displacement mode shape. The excitation
forces for geartooth meshing forces are not steady,
but oscillate with respect to a reference system
fixed to the rotating gear. The frequency of oscil-
lation of the mesh forces and their harmonics is

f =knN (2)
fork = 1, 2, 3... Hence, the criterion to produce
constructive reinforcement of a displacement
mode shape by a rotating, oscillatory, exciting
force is

® =knN DN = (kn+ D)N (3)

A convenient method of displaying the rela-
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tionship between gear natural frequencies and
transmission system excitations is with a fre-
quency-versus-speed diagram. Excited frequen-
cies are plotted on the vertical axis and rotational
speed is plotted on the horizontal axis as shown in
Fig. 18. Such charts are frequently referred to as
Campbell diagrams.

Natural frequencies from bench test or analy-
sis are plotted as horizontal lines. The lines O =
(kn £ D)N are then plotted for the values of D
corresponding to the mode shapes of the natural
frequencies under consideration. The points where
the horizontal ®_lines intersect the ® = (kn *
D)N lines indicate the speeds at which the gear
resonance will be excited. Should these speeds
occur within the operating speed range, a poten-
tial gear vibration problem will exist. Resonant
conditions can also be excited by harmonics of the
tooth mesh frequency; therefore, n = (kn + D)N
should be plotted for several of the lowest values
of k. In addition, other potential sources of excita-
tion must be considered. One which is of particu-
lar importance in the design of epicyclic gear
systems is the planet passage frequency. Note
that for modes with a harmonic index of | or
greater, resonance conditions are excited at two
speeds for each tooth mesh harmonic. The case
of a harmonic index = 0 mode is excited only at
the basic tooth mesh frequency and its harmon-
ics. In all cases the frequencies at which the gear
vibrates are its natural frequencies with respect
to a reference frame fixed to the rotating gear.
Itshould be noted that the apparent stiffness of
the rotating gear can be slightly altered by
centrifugal effects, thereby causing n to be a
function of rotational speed. If this function

can be determined either by test or analysis,
the foregoing is still applicable. In this case
the @ horizontal lines would become o =
f(N) curves, and the intersection points would
be determined as described previously. For
gear sizes and speeds typically encountered in
vehicle power gearing, these centrifugal effects
have been found to be negligible.

Evaluation of Resonance Behavior - The prob-
lem of evaluating the resonance behavior of a
specific gear may be approached in many ways,
however, these methods can be broadly classed as
either experimental or analytical. Experimental
techniques provide very accurate data regarding
response frequencies and mode shapes; however,
actual hardware (or at least prototype gears) is
required. This limits the correction of any prob-
lem areas identified to either redesign or add-ons.
The use of analytical techniques, on the other
hand, allows these problems to be addressed and
corrected in the design stage. The basic data
sought by either method are the response (reso-
nant) frequencies, the mode shapes, and the level
of response: i.e., the stresses induced by operating
at a resonant frequency. Both methods can pro-
vide the first two pieces of the puzzle, frequency
and mode shape: however, the level of response
can usually be obtained only thorough the use of
sophisticated strain-gage instrumentation during
an actual operational transmission run. Some
progress is being made in the analytical definition
of response level. Although it would seem that
analytical techniques are preferable in all cases,
advantages and disadvantages to both methods
will become clear as we proceed thorough the
next two sections. One of the biggest unknown
factors is the amount of damping that occurs
because of bolted joints, supports, and the like.

Experimental Methods - There are many
methods for experimentally defining the resonant
frequencies and mode shapes of gears. The spe-
cific method which should be used in any par-
ticular case is a function of component size,
mass, and the dollars available for test.

In order to evaluate the response of a part, an
excitation source and some means of detecting
the response and defining the mode shape must
be provided.

The testing is generally conducted as follows:
The gear is mounted in such a way that it is
isolated from its surroundings (elastomeric pads,
cords, etc.) and excited with a variable-frequency




source. A sweep through the frequency range of
interest is performed while the gear response is
monitored. Frequencies which produce substan-
tial responses are noted. After the frequency
sweep is completed, the gear is again excited at
each of the noted frequencies while the gear is
searched or probed to define the mode shape.

The determination of frequencies to be search-
ed can be enhanced by performing a simple
bang test if frequencies have been calculated
previously by some analytical method, or should
a frequency spectrum analyzer be available.
Fig. 19 shows a typical spectrum-analyzer os-
cillograph from gear bang testing. Note the
number of frequencies which display high rela-
tive response; these frequencies represent the
excitation frequencies near which gear reso-
nant problems may occur. Note also the large
number of resonant frequencies. A bang test
consists simply of hitting the gear once and
evaluating the resulting response with the aid
of a spectrum analyzer. A gear thus excited will
ring down at all its natural frequencies; with a
spectrum analyzer, these frequencies can be
separated and identified.

This experimental technique actually deter-
mines the free-vibration characteristics of the
gear; however, the natural frequency of free
vibration has been an excellent indicator of the
installed and operating resonant frequencies of
the gear and shaft. Fig. 20is a Campbell diagram
showing the free-vibration resonant frequencies
of an integral spiral bevel gear and shaft, as
determined from air siren testing versus shaft
speed. Also plotted on this diagram are the
frequencies at which increased response was
noted for the component installed and operating
under design loadings. These operating data
were obtained from telemetered strain-gage
readings recorded during a transmission dy-
namic strain survey. Note that the forced-re-
sponse frequencies of the operating gear and
shaft agree closely with the free-vibration natu-
ral frequencies determined in siren tests.

The four main variables to be addressed in an
experimental investigation of the resonant re-
sponse of a gear (or any other part) are the
method of excitation, the method of detecting
when a resonant condition has been encoun-
tered, the method of identifying the mode shape
of a particular response, and the stress level
associated with a particular response. With the
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exception of the stress level, each parameter
may be addressed separately since, in theory at
least, any excitation method can be used with
any combination of detection and identification
techniques. However, considerations of experi-
mental setup and procedure will limit the combi-
nations which are practical. Complete descrip-
tions of the various techniques can be found in
Ref. 6. An excitation source, such as the electro-
magnetic setup shown in Fig. 21 or the air siren
shown in Fig. 22, is the first piece of equipment
required. A means of detecting the existence of
a resonant frequency, such as the microphone
shown in Fig. 21 or the accelerometer shown in
Fig. 22, is also required. Finally, the mode shape
itself must be defined through the use of sand or
glitter patterns (Fig. 23), holography, or by hand-
probing with a microaccelerometer (Fig. 24).

If a strong excitation source is used, hand-

probing (Fig. 24) with a microaccelerometer can
identify nodes and antinodes and, thus, mode
shapes. This technique does require some opera-
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Fig. 22 - Air siren excitation source.
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Fig. 23 - Mode shape detection on a flat spiral
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Fig. 24 - Technician probing manually for mode
shapes.

tor skill and practice on simple shapes. It can be
very useful in the evaluation of complex modes
on complex gears.

Analytical Methods - The high costs associated
with the redesign of complex gears to improve
their dynamic characteristics after initial proto-
type fabrication and testing make necessary accu-
rate analytical techniques with which to predict
resonance. This would allow the design engineer
to predict the dynamic characteristics of a particu-
lar gear design while it is still on the drawing
board, thus enabling any changes to be incorpo-
rated before fabrication and test.

Because of geometrical complexity and the
generality of configuration, the finite-element
method (FEM) was chosen as the most suitable
analytical technique. Recent experience using
several general-purpose FEM computer pro-
grams and modeling techniques indicates that
excellent correlation with experimental data
from prototype resonant testing is possible. The
most efficient of these techniques has been an
axisymmetrical modeling approach. This method
assumes the gear to be symmetrical about its
rotational centerline and, hence, requires thatonly
a single cross section be modeled.

The model definition required for sufficient-ly
accurate results (that is, within about 5-10% over-
all) is quite coarse relative to that required for tooth
or blank stress analysis. The teeth themselves, for
example, are not modeled as separate entities;
rather, only their mass is simulated. This is done
by increasing the root diameter to the midtooth
diameter and then modeling the gear teeth as a
solid ring of this thickness; in most cases this
modeling system yields excellent results. For many
lower modes (which are the most important any-
way) the accuracy is far better than that at higher
modes; in most cases the error is less than 5%.

Some of the difference between bench and
dynamic rig test results may be because of cen-
trifugal stiffening of the blank at normal operat-
ing speed. However, when we consider the good
overall correlations obtained at low to moderate
speeds, this effect can be considered negligible.
This may not be the case for very high-speed,
large-diameter gears.

Most programs include the ability to produce a
plot of each mode shape, which can be quite
helpful in determining which areas of the gear
require modification to obtain the desired dy-
namic characteristics. One such plot is shown in



Fig. 25. Each mode shape has an associated har-
monic index. This index represents the integer
number of nodal diameters characteristic of the
nodal displacement shape of the gear. Fig. 25 also
shows an axial view of the deformation of the
integral spiral bevel gear shaft, indicating that the
harmonic index of this mode is 3. The analytically
predicted and measured resonant frequencies are
also compared. The correlation in this particular
case is exceptionally good; in general, the pre-
dicted values for the lower frequencies do not
differ more than 5% from the measured siren test
frequencies.

Modifying Resonance Behavior- Once the reso-
nant frequencies have been determined, it must be
ascertained whether the frequencies lie in the
operating excitation range. If resonances do occur
in the operating frequency range, the design engi-
neer is faced with a decision: He may either
modify the design (change mass and/or stiffness
of the gear), or he may provide some form of
damping to decrease the response of the gear near
the resonant frequency.

Both approaches have inherent advantages
and disadvantages. A careful evaluation of the
alternatives is required in order to decide which
method is applicable to any given situation.

Detuning - Modifying the geometry of the
gear in an effort to change its mass and/or stiffness
characteristics is frequently referred to as detuning.
The ideal approach is to design all gears so that
their natural frequencies are far from any potential
excitation sources, especially gear mesh and its
multiples.

Although this approach is not practical in all
cases, it can be eminently successful, particularly
if the blank is relatively simple and the Campbell
diagram is uncluttered; such a case is shown in
Fig. 26. The gear mesh frequency at overspeed
(3,682 Hertz) is quite close to a natural frequency
(3,764 Hertz). Adding material as shown increased
this natural frequency beyond the overspeed exci-
tation frequency. In this instance the next lower
frequency did not increase enough to bring it into
proximity with either the idle or 100%-speed exci-
tation sources. In cases such as this, plots of the
mode shape are an invaluable aid in determining
where and how the gear must be modified.

Since each problem is unique, no hard-and-fast
guidelines can be given on the methods to be used
in accomplishing such modification, butitis gener-
ally best to make changes which increase stiffness

and, thus, raise the natural frequencies, rather than
to add mass alone, such as adding lumps to the gear
bore. This method has been shown to be the most
weight-effective for lightweight gearing.

This discussion is aimed at small perturbations
of a basically fixed design. If an analysis is per-
formed early enough in the design cycle, it may be
possible to make a major change which will effec-
tively improve the situation,

Damping - If detuning is not practical or not
successful, damping is a viable alternative. Damp-
ing causes the amplitude of and, hence, stress
response to the excitation forces to be reduced in
the installed and operating forced - response envi-
ronment. If the proper amount and type of damping
are applied at the appropriate places on the gear
blank, this approach is almost always successful.
There are many ways in which damping can be
introduced into the blank. In addition, the construc-
tion of the gear itself may contribute o its damping
characteristics. If it is manufactured as a separate
part and is bolted, keyed, or splined to its shaft, the
joint will provide a small amount of damping
through the rubbing action (Coulomb damping)
which is inevitable at such joints. Unfortunately,
this motion, whichis beneficial in adamping sense,
can be very detrimental over the long term, since it
may give rise to fretting. Fretted joints can be the
source of cracks in either gear or shaft which lead
ultimately to structural failure. An integral shaft
and gear design eliminates both the damping and
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fretting conditions and is preferable, since fretting
can be a major problem, and there are other less
severe and more effective methods of applying
damping. Two of the simplest methods are coat-
ings and rings.

Coatings - Coatings can be applied to nonfunc-
tional surfaces of the gear blank to reduce the
vibration level. Both hard and soft coatings have
been used with varying degrees of success. Soft
coatings, such as bonded layers of an elastomer,
have been used in a number of applications. Be-
cause they are exposed to the hot oil environment,
they generally must be either trapped as shown in
Fig. 27 or constrained as shown in Fig. 28. The
effectiveness of either method depends upon main-
taining the bond between the elastomer and the gear
blank. Other methods of coating, such as plasma-

spray coating or electrochemically plating relatively
heavy metals like molybdenum or copper com-
pounds on the appropriate surfaces, are more perma-
nent and less likely to separate from the gear.

Any of these methods will work, particularly if
the response is not overly energetic, and if the gear
design incorporates large, flat web areas; however,
our testing has shown that while the noise level is
reduced in many cases, the damping provided is
not sufficient to reduce the vibratory stresses to
acceptable levels.”

Rings - Damping rings are a much more effective
method of providing damping. Solid, C-shaped,
and helical rings (Fig. 29) have been used success-
fully. Solid rings are inserted into an internal
groove machined under the gear rim by heating
the gearand cooling the ring. Helical rings, which
are actually modified common retaining rings, are
turned into a similar groove in the gear rim. Both
dissipate energy through a mechanism which is
believed to be largely Coulomb friction at the
sides and, especially. the bottom of the groove.
The helical rings provide considerably more
damping (about 2.5 times more, according to
Ref. 8) than solid rings, and both provide an order-
of-magnitude more damping than most coatings,
though they are generally not as effective in
reducing noise as some coatings appear to be. The
solid rings have less retention surface (limited by
the amount of gear expansion and ring contrac-
tion at installation); thus, they are more likely to
fall out of their grooves and cease their damping
function because of wear than are helical rings,
which typically have relatively deep retention
grooves. In addition, the force exerted on the
groove by a solid ring does not increase apprecia-
bly with rpm because of centfifugal force (CF).
Since helical rings are not closed loops, they tend
to unwind with increasing CF and exert greater
force and, thus, greater damping on the ring groove.
In a similar manner, the damping effectiveness of
helical or C-shaped rings is not affected by wear,
since CF will keep opening the ring so that contact
is maintained with the groove. After solid rings
wear, CF only contributes to increased ring stress
and does not maintain contact pressure with the
groove; thus, damping effectiveness may decrease
substantially. In order to yield maximum effec-
tiveness, the proper amount of ring weight must
be provided. The results of extensive dynamic
strain survey testing have been analyzed in an
effort to determine the ring weight required in the



general case. Based on this information, the fol-
lowing empirical relation between ring weight and
gear weight has been developed:”

W, =0.06W_0.75Q 4)

Equation 4 has been shown to work well for
lightweight aircraft-type gears in the size range of
6" to 33" pitch diameter and at pitch line velocities
up to approximately 28,000 fpm.

The importance of the proper choice of ring
weight and placement can be seen in Fig. 30. The
final stress level has been reduced by 50%, even
though the transmitted torque increased by more
than 80%.

One of the most significant problems associated
with damping rings is the wear that occurs both on
the ring and its groove. Although the groove wear
alone is almost never severe enough to cause the
gear to fail, slivers which can cause indications on
chip detectors, indicating screens, and other debris
monitors can be generated. In addition, the ring
wears excessively when its cross section is re-
duced, and the possibility of its failure arises. These
problems can be reduced by hardening the groove
and using multiple-wrap rings. The wearappears to
be caused more by the ring being forced to rotate in
its groove by the gear-load-induced deflections
under the mesh point than by its vibration in the
groove because of its response to gear natural
frequencies. It seems likely that the wear problem
could be reduced by decreasing these deflections.

The addition of damping rings or coatings does
not change the natural frequencies of the gear to
any measurable extent; this has been verified by
electromagnetic and air siren testing as well as full-
scale transmission testing.

Changing Excitation Frequency - Our discussion
thus far has been limited to modifications of the
response of a gear to a given excitation source. Itis
also possible in some cases to change the excita-
tion frequency. This can be done in several ways.
The easiest but usually the least practical method
would be simply to alter the system speed so that
it does not coincide with any of the natural gear
frequencies. Relatively large changes in excita-
tion frequency can also be made by changing the
diametral pitch (module) of the gear set to increase
or decrease the number of teeth, thus changing the
mesh frequency without changing shaft speed.
Any change in pitch should be carefully evaluated
in order to insure that the bending-fatigue capacity
of the gear set is not compromised. Several design
techniques have been proposed to employ gearing
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Fig. 30 - Reduction of transmission bevel gear response through in-

creased damping.
with either more or fewer teeth than would ordi-
narily be used on a given sized gear.

Other alternatives, which would require rede-
sign, are to alter the number of planets in an
epicyclic system or to change the relative ratios
used in each stage of a multipass system.

Conclusions

Three areas of significant concern to the design-
ers of spiral bevel gearing have been identified and
discussed. Each area is outside the normal design
procedures for such gears, but can be very impor-
tant in the overall success of specific designs.

General design guidelines have been pre-
sented and references for further and more detailed
studies have been provided. B

References:

1. DRAGO, RAYMOND J. “On the Design and Manufacture of
Integral Spiral Bevel Gears for the CH-47D Helicopter,” Aero-
space Gearing Committee Meeting, AGMA, March, 1978,

2. DRAGO, R.). and PIZZIGATI, G.A. “Some Progress in the
Accurate Evaluation of Tooth Root and Fillet Stresses in Light-
weight, Thin-Rimmed Gears.” Paper P229.21, AGMA, October,
1980,

3. DRAGO, RJ. and LUTTHANS, R.V. “An Experimental
Investigation of the Combined Effects of Rim Thickness and
Pitch Diameter on Spur Gear Tooth Root and Fillet Stresses.”
Paper P229.22, Fall Technical Meeting. AGMA, October, 1981.
4. DRAGO, R.1. "On the Automatic Generation of FEM Models
for Complex Gears - A Work-in-Progress Report.” Acrospace
Gearing Committee Meeting, AGMA, February, 1982,

5. DRAGO, R.). “An Improvement in the Conventional Analysis
of Gear Tooth Bending Fatigue.” Paper P229.24, Fall Technical
Meeting, AGMA, October, 1982.

6, DRAGO, R J. and BROWN F.W_ “The Analytical and Experi-
mental Evaluation of Resonant Response in High-Speed, Light-
weight, Highly Loaded Gearing.” Paper 80-C2/DET-22, Cen-
tury 2 International Power Transmission and Gear Conference,
ASME, August, 1980,

7.SCIARRA, 1), etal. “Helicopter Transmission Vibrations and
Noise Reduction Program, USARTL TR 78-2A." Applied Tech-
nology Laboratory, U.S. Army Research and Technology Labo-
ratories (AVSCOM), Fort Eustis, VA, March, 1978,

8. MCINTIRE, W.L. “How to Reduce Gear Vibration Failure.”
Acrospace Gearing Committee Meeting, AGMA, February, 1964,
9. ALBRECHT, C. "Developments in Gear Analysis and Test
Techniques for Helicopter Drive Systems.” Paper 79-DE-15,
Design Engineering Conference and Show, ASME, May, 1979.

From
©1990 Society of Autemaotive Engineers, Inc. Reprinted with
permission.

JANUARY/FEBRUARY 1082 29




Optimum
Shot Peening
Specification - 11

Mark Lawerenz,
Metal Improvement Co., Inc., Milwaukee, WI
Imants Ekis,
Ford New Holland, New Holland, PA

Summary: Following is the second part of an
article begun in our last issue. The first part
covered basic shot peening theory, shot peen-
ing controls, and considerations that should go
into developing a shot peening specification.
Part Il covers optional peening methods and the
relationship of shot peening specifications to
the drawings.
Optional Peening Methods
and Additional Considerations

Some additional peening methods and con-
siderations which the reader may want to in-
clude as part of any general specification are
shown below,

Strain Peening or Stress Peening - This
technique is applied when parts are stressed in
one direction only and longer fatigue life is
desired than that obtained by conventional meth-
ods. The part is shot peened in a stressed or

Endurance Limit *

UNPEENED

* 1000 KSI at 10,000,000 cycles

Fig. 1 - Dura Peening Rene 95 specimens.’

8-12A B8-12A+7-9A
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loaded condition, and compressive stresses
produced by the peening can be as high as the
compressive yield stress of the material itself,
This technique has been used heavily in nu-
merous industries.

Dual Intensity Peening - This technique also
can be used when substantially longer fatigue
life is required. Research done on carburized
steel indicates that dual peening, which is high
intensity shot peening, followed by lower inten-
sity shot peening with smaller shot. increases the
magnitude of surface compressive residual

stress.”  Additional testing on other materials

have confirmed this data.>* (See Figs. 1 and 2.)

Fatigue Life *
25

20

9A TA
* Average Fatigue Life - Million Cycles

Fig. 2 - Dura Peening Titanium 6AI-4V Blades.’

1A

1A + 9N

Plating and Salvage Methods - If machining
discrepancies in production are sometimes sal-
vaged by building up an area for remachining
by the use of chrome or other plating techniques,
or if plating is used for a wear or protective
surface, shot peening prior to plating can be
used. The shot peening will prevent crack propa-
gation from microcracks in the plating to the
parent metal if the part is subjected to a cyclical




1
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U
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(A)

Compressive Layer
METAL

(B)
Fig. 3 - Plating cracks will not propagate into
pre-stressed base.

load. Cracks will not propagate into layers of
compressed stress. (See before and after shot
peening illustrations in Fig. 3.) In addition,
significant increases in fatigue strength closely
approximating original unpeened surfaces are
shown in Fig. 4. In some cases, shot peening
prior to plating may be required by other con-
tractual agreements. Specifications, such as
Federal Specifications QQ-C-320 and MIL-C-
26074 A, require shot peening on steel parts that
are chrome or electroless nickel plated.

An added side effect is the prevention of
hydrogen embrittlement by shot peening of this
parent metal prior to the plating operation.
Since atomic hydrogen is extremely mobile and
able to penetrate and interact with metal easily,
the metal's ductility and ability to withstand
cyclic loads is reduced. Peening has been
proven effective in retarding the migration of
hydrogen through metal.” (See Fig. 5.)

Contour Correction - Just as it is possible to
create a desired curvature and shape to compo-
nents by shot peening, it is also possible to
correct the shape and form of parts. The shot
peening process avoids the unfavorable (ten-
sile) residual stresses produced by other straight-
ening methods and instead produces favorable
(compressive) residual stress, (See Fig. 6.)

Increasing Wear Due 1o Work Hardening - In
the discussion on material considerations, con-
siderable space was given to whether a material
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Fig. 6 - Contour correction. A) Ring gear. B) Before peenforming. C) After peenforming.
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would readily work harden. If this factor is a
major consideration, then it should be addressed
in the specification. (See Fig. 7) For materials
which cannot be heat treated, but require wear
resistance, shot peening should be considered.

Porosity - When this is a concern, porosity
should be reviewed as a specification option.
Typically this is not utilized for the compressed
stress benefits, but rather is used to compact the
surface’ or reveal some sub-surface porosity
prior to machining. It can, therefore, be utilized
as an inspection tool before machining of ques-
tionable castings.

Salvage; Grinding; Before and After Shot
Peening - In cases where a severe grinding
operation has developed resultant residual ten-
sile stresses and surface brittleness, shot peening
of the surface after grinding should be consid-
ered. Fig. 8 reveals S-N curves for a part origi-
nally designed for an endurance limit with a
gentle grind, the resultant lowered endurance
limit after grinding, and improved endurance
limit of the severely ground surface followed by

shot peening.

50 0.25 050 0.75 1.0 mm
a 010
©.012C INTENSITY 426
b g ' m o
] CENTRIFUGALLY CAST 5 =
g HASTELLOY 'C’ 8
=} 30 — ! 283 8
[}
2 = - 255
g ORIGINAL WROUGHT _—1 & B o g
2 HASTELLOY 'C y 210
2 o o SAMPLENO 8 ORIGINALHARDNESS |, o
= G SAMPLE ND. 9
|
0.010 0.020 0.030 0.040 0.050
Fig. 7 - Hardness vs. distance from surface for shot peened hastelloy
“C" samples.”
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Fig. 8 - Shot peening improves endurance limits of ground parts. Re-
versed bending fatigue of flat bars of Rockwell hardness C45.°
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Another technique that can be used, espe-
cially on particularly difficult grinding opera-
tions or materials, is to shot peen prior to grind-
ing to prevent grinding cracks. Since grinding of
carburized gears can produce high tensile stresses,
these stresses can initiate cracks in the tooth
surface. Shot peening prior to grinding will
greatly reduce this tendency. Peening here is
used to prevent crack propagation from the grind-
ing and not to increase bending fatigue strength.

Stress Corrosion Cracking - In particularly
hostile environments where a material being
used may be affected adversely by general cor-
rosion coupled with residual or applied tensile
stresses, shot peening may be a consideration.
The peening will change the surface residual
tensile stresses to compressive stresses, which
will eliminate the conditions needed to promote
stress corrosion cracking.

The Part Drawing

Once a satisfactory in-house specification has
been established which addresses the particular
needs of a company, it is still necessary to
translate this information to particular gears.
The general specification should assist the de-
sign professional regarding the necessary steps
to properly select an optimum drawing specifi-
cation, The information must then be trans-
ferred to the manufacturing drawing.

In specifying shot peening requirements on
part drawings, the following parameters should
be identified:

Areas to be shot peened

Areas to be masked

Optional areas

. Areas where shot peening fades out
. Shot size, hardness, and material

6. Locations for intensity verification and
intensity range at each location

7. Coverage requirements for all areas to be
peened, including the method used for coverage
determination

8. Applicable shot peening specification.

Fig. 9 provides a theoretical example of a
gear with a suggested specification. Utilizing
the above points, the analysis of this specifica-

voR W=

tion is as follows:

1. Areas To Be Shot Peened - These are noted
by DIM “A™, and further critical areas are iden-
tified by “XXX.” Five primary areas require the
proper intensity. These are at the tooth root
fillet, the gear pitch line, two shaft fillet transi-



tion areas, and the main shaft body. Since only
one peening operation is to be performed, the
shot selection would indicate that the apparent
geometric limiting factor of the shot is the fillet
radii of the gear teeth. Most likely the main shaft
is being peened because the shaft may also
experience problems with fatigue. [t is possible
that some machining may occur on the shaft
body after shot peening, so rather than mask
this area, peening is being allowed. The gear
pitch line area is noted because pitting of the
gear tooth may occur.

2. Areas To Be Masked - These are noted by
DIM “B™ and DIM “C™, Most likely the O.D. of
the gear has limitations on the potential of burr-
ing at the top land. This is costly and should be
avoided unless alternate ways are not available,
A potential alternative solution may be to break
or radius all sharp edges in the areas prior to
peening. This can minimize or eliminate the
potential to burr. The threads at the shaft end do
not require peening and must be masked as
optional peening could damage these.

3. Optional Areas - Noted by DIM *D,"” these
are the holes in the gear body.

4. Areas Where Shot Peening Fades Out -
Not applicable to this example.

5. Shot size, Hardness, and Material - M1
110 shot, intensity 6-10A; the MI 110 designa-
tion defines a cast steel shot.

6. Location for Intensity Verification and
Intensity Range at Each Location - Only one
intensity is specified and is marked by “XXX."”
If other intensities or shot sizes are used, addi-
tional callouts and symbols are required.

7. Coverage Requirements For All Areas To
Be Peened, Including the Method Used for Cov-
erage Determination - 125% coverage verified
by Peenscan.®

8. Applicable Shot Peening Specification -
MIL-S-13165B.

This drawing specification clearly denotes a
proper shot peening requirement and should
easily be accomplished by the manufacturing
group or vendor. This specification should
readily coincide with the company in-house
peening specification. Note, however, that this
specification may not, and most likely will not,
work on parts similar to this part. Itis strongly
encouraged that each gear requiring shot
peening be first evaluated based on the gen-
eral in-house specification prior to definite

JOOK INTENSITY VERIFICATION LOCATIONS

SHOT PEEN AREA A PER MIL-5-131858,
USING MI 110H SHOT, INTENSITY 6-104,
125" COVERAGE VERIFIED BY PEENSCAN *
MASK AREAS B AND C. HOLES D ARE
OPTIONAL BREAK OUTSIDE CORNERS 0.018
BEFORE PEENING

Fig. 9 - Theoretical example of a gear with a suggested specification.

shot peening callouts being made on a manufac-
turing drawing.
Summary

Confusion and some misunderstanding in
properly specifying shot peening can cause dif-
ficulties in the manufacturing process. Concise
in-house specifications covering considerations
for shot peening, coupled with accurate manu-
facturing drawing callouts, can optimize the use
of this effective tool. With the in-house specifi-
cation addressing the particular needs of the
manufacturing company’s gearing requirements,
and the correct specification on the manufactur-
ing drawing conveying this to the vendor, shot
peening can be utilized to its fullest advantage .l
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Precision gears play a vital role in today’s
economy. Through their application, automo-
bile transmissions are more compact and
efficient, ships sail faster, and diesel locomo-
tives haul more freight. Today great emphasis
is being placed upon the reduction of noise

in all gear applications and, to be quiet, gears
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must be accurate.
For this reason, a great deal of engineering

attention has been devoted to the various fac-

tors involved in precision gear production, The
need for accurate machines and cutting tools,
together with careful, precise set-up proce-
dures, is well understood.

Not enough notice, however, has been given
to hob sharpening, a necessary operation wher-
ever gears are produced by hobbing and fully as

important as original hob accuracy in its effect

LEAD IS UNCHANGED
AFTER CORRECT SHARPENING

TOOTH PROFILE UNCHANGED
AFTER CORRECT SHARPENING

Fig. 1 - Correct tooth profile and lead are maintained with careful

attention to sharpening methods and accuracy.
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The Right and Wrong
of Modern Hob
harpening

Robert Moderow
ITW, lllinois Tools, Lincolnwood, IL

on gears produced. Even the finest class AA
precision ground hob will produce poor gears if
improperly sharpened.

The purpose of this article is to discuss the
various effects of hob sharpening on hob per-
formance and proper sharpening methods.

Hobbing is a generating process in which
involute gear teeth are formed by a sequence of
cuts made by successive hob teeth in a continu-
ously rotating gear blank. In order for the gear
tooth form to be accurate it is essential that:

I. The cutting edges of the hob teeth have
the correct form or pressure angle.

2. The cutting edges of the hob teeth lie
along a helix of the correct lead.

Hob manufacturers hold these important el-
ements to very close tolerances, and it is pos-
sible to sharpen a hob repeatedly to the very end
of its useful life without impairing the accuracy
of the gear produced. (See Fig. |.) But sharpening
must be done properly - otherwise both pressure
angle and lead will be adversely affected.

Hobs are sharpened by grinding the face of
all flutes until no trace of a worn surface is
visible on the tops or sides of the hob teeth.
Grinding should extend deep enough to blend
in with the bottom of the flute. The flute ele-

ments affected by sharpening are:

. Adjacent spacing

2. Non-adjacent spacing

3. Rake (A radial flute has zero rake.)

4. Lead (A straight flute is parallel to axis
and has an infinite lead.)
All of these elements must be held within the

tolerances listed in Table |1 if the original accu-



Fable 1 - Sharpening Tolerances for Single and Multiple Thread Hobs

racy of the hob tooth form and lead is to be
maintained. These tolerances, standardized by
the Metal Cutting Tool Institute, are main-
tained by all hob manufacturers. When a hob is
sharpened within these tolerances, the gear tooth
accuracy will not be impaired.

Flute Spacing Error

Fig. 2 shows the effect of sharpening with
unequal angular spacing of the cutting faces.
Every lead variation caused by such faulty
sharpening shows up in approximately a one-
to-one ratio as an error in the gear tooth pro-
file. The lead variation is roughly 1/16 of the
flute spacing error. A spacing error of .016
would produce about .001 error in the lead and
in the gear tooth profile.

The most common reasons for excessive
flute spacing errors in sharpened hobs are:

1. Excessive runout of the hob during the
sharpening process. This may be caused by
loose-fitting or eccentric arbors, non-parallel
collars, excessive tightening of the nut, or runout
of the machine work spindle.

2. Use of worn index plates or pawls in

The figures in the table represent total indicator variation in ten thousandths of an inch.
1 2 3 4 5 6 9 13 20 30 51
Diametral Pitch thru  thru thru thru  thru  thru  thru thru thru thru and
1.99 299 399 499 599 899 1299 1999 2999 5099 finer
AA Precision Ground* — 20 15 10 8 8 6 6 6 6
Adjacent A Precision Ground 40 30 25 20 15 10 10 10 10 10 10
Flute B Commercial Ground 50 45 40 30 20 15 15 10 10 10 —_
Spacing C Centified Unground 50 45 40 30 20 15 15 10 10 10 10
D Commercial Unground 60 60 50 50 30 25 25 20 17 17 e
AA Precision Ground* — — 40 35 25 15 15 15 15 15 15
Non-Adjacent A Precision Ground 80 60 50 40 30 30 30 25 25 20 20
Flute B Commercial Ground 100 90 80 60 50 50 50 40 35 30 —
Spacing C Certified Unground 100 90 80 60 50 50 50 40 35 30 30
D Commercial Unground 120 120 100 100 80 80 70 60 50 40 -
AA Precision Ground* — - 10 8 6 5 5 3 3 3 3
Rake to A Precision Ground 30 15 10 8 6 5 5 3 3 3 3
Cutting B Commercial Ground 50 25 15 10 8 7 7 5 5 J —
Depth C Centified Unground 50 25 15 10 8 7 i 5 5 3 5
D Commercial Unground 100 19 50 40 30 20 20 15 15 10 T
CUTTING FACE WIDTH
Upto 1" 1.001w2 200ltw4 400107 7.001 & up
Flute lead AA Precision Ground* 8 10 15 20 20
g oN A Precision Ground 10 15 25 30 50
C f“"rr B Commercial Ground 10 15 25 30 50
“‘:;f",ﬁ h"“ C Certified Unground 10 15 25 30 50
- D Commercial Unground 15 23 38 45 75 I
* Single thread only |

Fig. 2 -

spacing of cutting faces,

the sharpening machine.

3. Not “sparking out” the grinding wheel.

Under no circumstances should the tool
sharpener remove more material from any one
flute just because it shows greater wear. This
would create a large flute spacing error and
inaccurate gear tooth profile. All cutting faces
must be ground back the same amount that is
needed to sharpen those showing the greatest
amount of wear.

001 CORRECT TOOTH POSITION

INCORRECT TOOTH POSITION
{ DUE TO SPACING ERROR)

: .001 TOOTH FORM ERROR APPROX.

GEAR TOOTH

?\
/ CORRECT GEAR

TOOTH FORM

Serious hob lead errors result from sharpening with unequal
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RADIAL FLUTE
BEFORE SHARPENING

POSITIVE RAKE FLUTE

AFTER SHARPENING CORRECT PROFILE

==
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%/NCDRRECTPHUHLE

I
ORRECT GEAR //>:.001 APPROX.

|

RESULTING GEAR
TOOTH FORM
(PLUS TIP)

Fig. 3 - Sharpening radial flutes with a positive rake leads to
production of gear teeth with thick tips.

RADIAL FLUTE
BEFORE SHARPENING
i

CORRECT PROFILE

FLuTE witH 018
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‘el
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CORRECT GEAR
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RESULTING GEAR
TOOTH FORM

001 APPROX.

Fig. 4 - Sharpening radial flutes with negative rake leads to produc-
tion of gear teeth with thick roots.
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Fig. 5 - Lead errors in sharpening tend to produce distorted “leaning”

teeth on the finished gear.
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Flute Rake Error

Fig. 3 shows the effect of sharpening the
flute with a positive rake when it should be
radial. Because of the side clearance. this
sharpening error makes the base of the hob
tooth narrower, and as a result. the gear tooth
becomes thicker at the tip. Here again, an
error of .016 from radial will cause approxi-
mately .001 of error in the gear tooth profile.

Occasionally hobs are designed with a posi-
tive rake. In such cases the hob tooth form (or
pressure angle) is designed to correspond to
the positive rake flute. Such hobs must be
sharpened with the same positive rake. On
such hobs the rake angle and rake off-set are
marked on the end of the hob,

Error in the rake of the flute is caused by
improper setup of the grinding wheel in rela-
tion to the hob axis.

Fig. 4 shows the effect of sharpening the
flute with a negative rake. Because of the side
clearance, this sharpening error makes the tip
of the hob tooth thin. and as a result, the gear
tooth is thicker at the root. Again, an error of
016 from radial will cause about a .001 error in
the gear tooth profile.

This sharpening error is also usually caused
by incorrect setting of the grinding wheel in
relation to the hob axis.

Flute Parallelism or Lead Error

Fig. 5 shows the effect of sharpening helical
flutes with incorrect lead or straight flutes non-
parallel with the hob axis. The result is an error
in the lead and form of the hob teeth. In fact the
lead on one side of the teeth becomes longer
than the theoretical lead. and the lead on the
other side becomes shorter. This produces a
“leaning” gear tooth: one side plus, the other
minus on involute.

However, a flute lead or parallelism error would
have to be much larger than a flute spacing or
rake error in order to affect the gear tooth profile
to the same degree. This is true because only
about two convolutions of hob teeth finish the
gear tooth profile. A .016 flute lead error would
result in about .001 lead error over all convolu-
tions of hob teeth. Assuming the hob had eight
convolutions, the gear tooth would be affected by two
overeightorone-fourthof the total lead error of .001.
The resulting tooth profile error would then be
about .00025.

It is interesting to note that a flute lead error,



because of the cam relief on the hob teeth,
creates a tapered hob. The flute lead error is
approximately 2 1/2 times the amount of taper
in the hob diameter. Since the taper can be
easily measured, this affords a quick easy way
of measuring the flute lead error.

A sharpening error in flute lead may be caused
by an incorrect sine bar setting, excessive
backlash, worn machine parts, misaligned cen-
ters, or failing to “spark out.”

How Hobs Are Sharpened

Machines designed and built solely for hob
sharpening are on the market. These machines have
automatic indexing provisions and can sharpen
hobs with helical as well as straight flutes.

Hobs can also be sharpened in a cutter sharp-
ening machine. However, in this case, the backs
of hob teeth in straight-fluted hobs must be
ground to provide accurate indexing surfaces
for a steel supporting finger, such as is com-
monly used in cutter sharpening. (See Fig. 6.)

Hobs and helical flutes that are to be sharp-
ened in a cutter sharpener require a guide bar.
This bar must have the same number of equally
spaced grooves of the same lead as the flutes of
the hob. This guide bar and the hob are mounted
on the same arbor and placed between centers
on the cutter sharpener table. A guide finger
mounted on the machine and engaging a groove
on the guide bar rotates the hob the correct
amount in relation to the table travel past the
grinding wheel. (See Fig. 7.)

A saucer-shaped grinding wheel is used for
hob sharpening. For straight-fluted hobs, either
the flat or cone side of the wheel may be used.
However, the cone side is preferable because of
more uniform pressures between the wheel and
the hob. With a flat wheel the area of contact
between the wheel and hob is small at each end,
butlarge in the center. (See Fig. 8.) [f a heavy cut
is being taken, more stock is removed at the ends
and less in the center. To correct this more
passes must be made through each flute.

The flat side of the wheel cannot be used for
helical flutes because of interference at the root
and top of the flute, resulting in a convex, non-
radial cutting face. (See Fig. 9.)

The cone side of the wheel works well for all
helical flute hobs, excepting those with large
thread angles, such as are found in multiple
thread worm gear hobs. In such cases interfer-

ence becomes noticeable, and the wheel must be

THESE SURFACES GROUND
EQUALLY SPACED

Fig. 6 - Backs of the teeth in straight-fluted hobs must be ground to
provide an accurate indexing surface when sharpening is done on a
cutter sharpener.

SHARPENING GUIDE
CONTACT PORTION OF
\ GRINDING WHEEL

Fig. 7 - For sharpening hobs with helical flutes on a cutter sharpener,
a guide bar with grooves of the same helical lead is required.

PRESSURE OF
GRINDING WHEEL

’,}ﬂh'
SN U/ Jep—

0
LARGE CONTACT AREA

| MORE STOCK REMOVED AT
END THAN IN THE MIDDLE

Fig. 8 - Flute grinding with the flat side of the grinding wheel as shown

is not recommended. For uniform cutting pressures and uniform stock
removal, the cone side of a saucer-shaped wheel should be used.

INTERFERENCE OF GRINDING

WHEEL AT ROOT OF FLUTE

RESULTING CUTTING FACE 'N%@FgﬁE’L"STEEAT

9

SECTION OF
WHEEL
THRUA - A

INTERFERENCE _

Fig. 9 - In sharpening hobs with helical flutes, the cone side of the

wheel must be used to avoid interference.
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Fig. 10 - A hob sharpening measuring machine.

dressed to a curve that eliminates interference.
Effect of Sharpening Technique
on Hob Life

In sharpening, care should be taken to avoid
excessive heat. It is casily possible to create
enough heat to soften the cutting edges and
greatly increase the rate of hob wear. Another
danger of excessive heat is the propagation of
tiny cracks at the base of the hob teeth, which
often results in tooth breakage. The “high” flute
should be located and “kissed" before feeding in,
or runout and unequal spacing conditions,
when combined with the feed, may result in too
heavy a grinding cut and excessive heat on
one or more flutes.

It has been proved over and over again that
more gears can be cut per sharpening when the
grinding finish on the cutting faces of the hob
teeth is good. It definitely pays to sharpen hobs
with a good finish. The wheel should be dressed
before the finish cut and should be allowed to
“spark out”, not only for accuracy’s sake,
but also for improved finish.

Need for Sharpening Inspection

It is obvious from the preceding that sharpening
errors can result in gear tooth inaccuracies which
prevent satisfactory gear performance. Itisessential
that hobs be sharpened accurately.

Sharpening errors, however, will occur. Mis-
takes will be made in the setup, machines will wear
or become misaligned, worn arbors will be used,

FLUTES SHARPENED
WITH POSITIVE RAKE

FLUTES SHARPENED
WITH INCORRECT SPACING

FLUTES SHARPENED
WITH NEGATIVE RAKE
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nuts will be tightened excessively, grinding wheels
will not be allowed to “spark out”, dirt and chips
will get between collars, etc. And sharpening er-
rors, even though large enough to cause intolerable
gear errors, usually cannot be seen or measured
with the naked eye.

Since it is only common sense that hobs with
excessive sharpening errors be prevented from
reaching the hobbing machine and cutting gears
that have to be scrapped, the need for hob sharp-
ening inspection is evident. Special measuring
machines have been designed for this purpose,
which measure directly, by means of a dial indi-
cator, errors in flute spacing, rake, and parallelism
of straight flutes. (See Fig. 10.) Flute lead errors
are obtained indirectly through measurement of
the taper in the hob diameter which results from
an error in flute lead. The flute lead error is
approximately 10 times the taper on diameter or
approximately 5 times the difference in indicator
readings, taken over the high points of the end
teeth in the flute. These indicator readings can be
obtained in the hob sharpening inspection ma-
chine.

All preceding remarks have been directed
mainly to gear hobs, but they apply with equal
force to all hobs, including sprocket hobs, spline
hobs, and worm gear hobs. Fig. 11 shows the
effectof sharpening errors on parallel key splines.
Such inaccuracies may prevent proper fit.

In worm gear hobs, the high pressure angles
and greater side clearance angles often used ag-
gravate the bad effects of sharpening errors on the
worm gear tooth form. Large lead angles are com-
mon in these hobs, and special wheel dressing is
needed to avoid interference when sharpening.

Summary

1. Hobs sharpened outside of standard toler-
ances shown in Table 1 cut inaccurate gear teeth.
This leads to unsatisfactory gear performance and
often to early gear failure.

2. Sharpening with the cone side of the wheel
is preferred for straight flute hobs and is essential
on helical-flute hobs.

3. Excessive heat in sharpening and poor
grinding finish shortens hob life.

4. Hob sharpening accuracy is easily checked
with a hob sharpening measuring machine. B
Presented at the AGMA |9th Annual Gear Manufac-
turing Symposium, April 7-9, 1991, Chicago, IL. Re-
printed with permission. The opinions, statements,

and conclusion presented in no way represent the
position or opinion of the AGMA.
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UNIT + EQUIPMENT —  SYSTEM

ADDITIONAL OPTIONS ! ¢ FEATURES
* Dust Collectors -y * Options Install and Remove
* CNC Controls in Seconds
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* Autoload/unload * Multiple Operations in
One Cycle

* ID/OD Deburring
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a GEAR DESIGN-CALCULATION
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ol How does it work?

Is the first gear design software that
really designs and not only calculates.

FIRST

You define for each parameter, such as ratio, center distance, pressure

angle, etc., a convenient set of values that you are really able to use.
diseng

Is really easy to use in your PC, _ . ; SECOND

I sse it Dermit hi Ui higl You define your performance needs regarding Pitting Life, Bending

ecause I S ac Yy ¥ o G : P - 3 .

.U.dl B _"‘ "t. '_"L nghn Life, Scoring Probability, Reliability Level and Operating Conditions.

performance results since it is also a

research tool for analyzing the THIRD
influence of each single parameter You wait a few seconds until diseng finds out the best solution to
- 'll'i'llilillhil‘l the results your specific problem within your particular possibilities,

diseng
Also has a preliminary dimensioning

"Demo Disk Available”

Calzada del Retablo 150, Queretaro Qro., 76150 Mexico
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program presented as a spread sheet.




Star Cutter
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What do all
these compames have
in common?

They are all using the FORMASTER to increase
productivity, improve accuracy, and reduce production
costs. The FORMASTER can be quickly installed on

nearly any grinder and can easily be incorporated into the
machine's automatic cycle.
With Normac's optional tooth profile software,

INCORPORATED
P.O.Box 69 Arden, NC 28704
Phone: (704) 684-1002 Fax: (704) 684-1384
] P.0. Box 207 Northville, MI 48167
Call today to arrange a demonstration Phone: (313) 349-2644 Fax: (313) 1440
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A Clockwork Gear

o$

Question: Could you explain what °
is meant by “horological gearing”?1 :
never heard of this before, although
I understand it has something to do
with watches. Could you also explain
the meaning of a “going gear train™?

Horology is the science of measur-
ing time or the art of constructing in-
struments that indicate time. In ear- :
lier days this was as simple as track- :
ing the sun using a sundial; today -
we use the vibration of a quartz crys-
tal. For ultra-precise timing, the :
atomic clock uses a resonant fre-
quency of Cesium 133 and is accu-
rate to one second in 250,000 years.
Not quite what you need around the

house for telling time!

Although sundials can get quite :
sophisticated, they utilize no gears; -
neither do most modern digital tim- -
ers and watches. But for the several :
centuries in between, clocks, watches, °
timers, fuses, and other such devices :
were prolific users of gears. An entire
field of design and manufacture of :
these mechanical gear elements de- :
veloped, and all the gears used in :
clocks, watches, and other timing de- -
vices, whether for driving the point-
ers, setting the hands, winding up:'
springs, or driving the escapement :
mechanism and pendulum, were called

“horological gearing”.

Many books were written that cov-
ered the special concerns involved in :
this application of gearing, and the :
serious student could even enroll in :
correspondence courses in “horologi- :

cal science.”

The problems of design faced by :
watch builders, especially consider- @
ing the very small size of some me- :

William L. Janninck

chanical watches, were totally dif- :
ferent from those experienced by -
power train designers in transporta- -
tion, construction, machine tools, *
and general machinery applications.

Some of the problems facing the :
horological gear designer come from
the necessity of using multiple-stage,
high-ratio, step-up gear sets. They are :
the opposite of the more usual applica-
tion problems of step-down or speed :
reducing drives faced by most design- -

low friction and high efficiency.
In a mechanical watch or clock, the

. wl-umtddrurlnund]isslm;])‘-[rclc;:scdas 1426, Elk Grove Village, IL
. minute pulses throu e step-up ° i
: drive u':in and into gun cscupu[nc:: 60009, or call our editorial staff
mechanism. with the gear train start- at (708) 437-6604.
ing and stopping completely with each :
cycle of the escapement wheel. The :
friction through the gear train must be

minimal for the successful management :

and release of the available energy.

One of the first areas of concern in !
step-up drives is gear tooth friction. :
To reduce surface contact friction, sur-
face finishes must be extremely good, °
and frequently the pinion teeth are pol-
ished. The reduced friction experienced
in the arc of recession, or exit path out :

of mesh, rather than the arc of ap-

. proach, orentry path into mesh, is used. :
To accomplish this, a cycloidal tooth :
form is used, and to further reduce the :

- William L. Janninck
form on the pinion addendum is modi-

approach action, the cycloidal tooth

+ pitch line of the gear set.

SHOP FLOOR

ers. In addition is the absolute need for : Address your gearing ql.lestion

. to our panel of experts. Write

- to them care of Shop Floor,
driving energy is stored in a spring- :

Gear Technology, P.0. Box

used. The teeth can be as fine as 250
diametral pitch with depths as little as

012", To avoid friction losses from

. side thrust, the teeth are always spur.

Many tooth forms and proportions
have been established suitable for

- horological purposes. Some of these

used in step-up drives are the Ogival
Form, British Standard 978, Black For-
est Clock Standard, the Swiss Cycloi-
dal, the Prescot, and the Circular Arc.

. Another one frequently encountered

does gear and ool design

fied. cuncenlruting the action near the and consulting, He has been
+ involved with gears and gear

- manufacturing for 45 years,

For compactness, pininns of as few : #0 of them with Hllinois Tools
. .+ = ITW Inc. He is the author of
as 6,7, or 8 teeth and step-up ratios of

* numerous articles on gear-
as much as 12:1 in a single mesh are !

related topics.
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Test your gears
by the numbers.

g bea

Put an end to the potential perils of subjective gear
testing inherent in traditional analog-type instruments.

Retrofit your existing double-flank rolling gear tester with
a Hommel Z-2000 computer/recorder. Or upgrade to an
entirely new gear testing system with the Hommel 8305.

Either way, you get the quantitative analysis
and complete documentation you need to do the
job right.

Write to Hommel America, 30 Peter Court,
New Britain, CT 06051. Or call (203) 827-8500.

FAX: (203) 223-2979. PRI

World Class Measurement Technology
A THYSSEN Company
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is the Wickenburg form.

Fig.| shows a typical cycloidal form
pinion and gear in mesh. The flanks on
both members are radial lines below
the pitch line. A special type of pinion
having six teeth or more and used in
step-up drives is called a lantern pin-
ion and is shown in Fig. 2. A tooth
layout is shown in Fig. 3. The teeth are
formed of polished pins or wires set in
a pair of end plates. These pinions are
not recommended for reduction drives
in horological applications.

The number of the tip modifications
used on clock gears may cause one to
question the functionality of these
gears, since the tooth form departs
from true conjugacy. Cycloidal gear
ing is that one exception to the rule
requiring a contact ratio of at least 1.0
for a pair of gears to be used success-
fully. Contact ratios of less than 1.0 on
involute gearing are a signal of prob-
lems and, with an involute profile, indi-
cate a possible damaging edge contact
and lack of proper uniform transmis-

Fig. 2 - Lantern pinion.

Fig. 3 - Lantern pinion gear set.
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sion of rotation. This is not the case
with cycloidal profiles, and edge con-
tact is rare,

A step-up drive in a clock is one
application where efficiency of en-
ergy transmission, rather than uni-
form transmission of rotation, is the
primary objective. If these gears were
inspected by the single flank method,
the results would show a tooth-to-
tooth rotational error, but this is not a
concern for clock and watch gearing.

Not all the gears used in horolog-
ical gearing have the cycloidal tooth
form. Many applications can and do
use involute gearing, such as those for

winding drives, time setting, minute-

SHOP FLOOR

hour hand synchronizing, or other mo-

tion transfer. In electric clocks using a
synchronous electric motor power
i source, the gearing is all in reduction
stages, and most use involute gearing.
| Electric meters used in measuring en-
ergy may use some special high-re-
duction worm drives and then end up
with involute gearing for the dial re-
cording drives. Liquid and gas meters
also tend to use involute gearing.

It might be helpful to diagram the
gear trains used in a typical, hand-
wound chiming mantel clock, where
several clock gearing applications can
be shown and explained. Fig. 4 shows
the main clock drive used for precise
time keeping and display. Starting with
the spring drum gear there are five
step-up cycloidal tooth form stages
located on six axes. The last stage

(Continued on page 48)

PRESERVATION
PLAN ON IT

Planning on restoring a house, saving a landmark, reviving your
neighborhood?

Gain a wealth of experience and help preserve our historic and
architectural heritage. Join the National Trust for
Historic Preservation

Make preservation a blueprint for the future,

Write:

National Trust for Historic Preservation
Department PA

1785 Massachhusetts Ave., N.W,
Washington, D.C. 20036

MINUTE HAND

| ESCAPEMENT

Fig. 4 - Main clock train.

MIDWEST GEAR

now offers large pitch

GEAR GRINDING

* Upto1DP 72" PD. 18” Face * Inspection by Hofler Gear Checker
» Spur, Helical, or Crowned with Computer Printouts available
* Up to AGMA Quality Class 14  * Low tooling costs
* Experienced Craftsmen * On-time delivery

We can Salvage Gears Distorted by Heat Treatment

A\ micwilir ons

2182 Aurora Road (Rt. 82) » Twinsburg, OH 44087
Phone: 216-425-4419  FAX: 216-425-8600
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ADVENTORIAL

Double Flank Grinding

can increase your

Productivity up to 50 %

THE RECENTLY INTRODUCED DOUBLE FLANK GRINDING METHOD FROM
BHS-HOFLER CAN HELP YOU INCREASE YOUR PRODUCTIVITY UP TO 50 %

Successful companies like LUFKIN IN-
DUSTRIES, INC. have been relying on the
second to none accuracy and reliability of
BHS-HOFLER gear grinding machines for
many years. BHS-HOFLER is now excited
about introducing their double flank grind-
ing method which makes their machines
unbeatably fast while maintaining the high
level of accuracy BHS-HOFLER is famous
for. In some cases double flank grinding is
even double as fast as single flank gear
grinding!

The double flank grinding method grinds
both flanks of a tooth gap simultaneously
in one generation direction. A standard
grinding wheel is used which is dressed to
specs directly on the grinding machine
with a CNC-grinding wheel dresser.
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The following examples illustrate the ac-
tual time saved using double flank grinding
as compared to single flank grinding. One
pinion and one helical gear were selected
for these examples to be ground on a BHS-
HOFLER H 1000 E.

Example 1: Pinion:

Number of teeth: 27

DP: 5.6
Pressure angle: 20 degr.
Helix angle: 13,5 degr.
Gear width: 4"
Outside diameter: 53"
Stock per flank: 008"
Hardness: HRC 62

AGMA Quality 14:

3 passes, 26 enveloping cuts per involute,
intermediate dressing of the grinding wheel
after 9-14-0 teeth.

Total time single flank grinding mode:
43.5 min.

Total time double flank grinding mode:
27.4 min.

AGMA Quality 13:

2 passes, 21 enveloping cuts per involute,
intermediate dressing of the grinding wheel
after 7-0 teeth.

Total time single flank grinding mode:
25,8 min.

Total time double flank grinding mode:
17,1 min.
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Example 2: Gear:

Number of teeth: 92

DP: 3.18
Pressure angle: 20 degr.
Helix angle: 7 degr. R
Gear width: 41"
Outside diameter: 298"
Stock per flank: 0.017
Hardness: HRC 62

AGMA Quality 14:

3 passes, 32 enveloping cuts per involute,
intermediate dressing of the grinding wheel
after 8-16-0 teeth.

Total time single flank grinding mode:
132,1 min.

Total time double flank grinding mode:
92,9 min.

AGMA Quality 13:

2 passes, 28 enveloping cuts per involute,
intermediate dressing of the grinding wheel
after 8-0 teeth.

Total time single flank grinding mode:
86,9 min.

Total time double flank grinding mode:
59,7 min.

Workpiece mounting was accomplished in
both cases with an efficient and accurate
gear mounting system. The pinion was
mounted between centers and the gear was
setup on a newly developed pallet loading
system.

The exclusive BHS-HOFLER pallet load-
ing system is the first high accuracy pallet
system tailored to the requirements of the
gear grinding industry. It reduces setup-
and downtimes to an absolute minimum.
Gears are clamped with pallet on the setup
station outside of the gear grinding ma-
chine while it is in operation. During the
time that one workpiece is being ground,
the operator can true-up the next gear and
prepare it for loading. When the previous
workpiece is finished it is lifted with its pal-
let off the machine table and placed tempo-
rarily on a parking station. The trued-up
gear can now be lifted with its pallet from
the setup station and loaded onto the grin-
der. Once in place, the workpiece and pallet
are clamped into position on the work-
table to an accuracy of + | micrometer
(+£40 millionths of an inch). Grinding can
start immediately and the next workpiece
can be trued-up on the setup station. This
system can also be used in multi-machine
operation whereby the trued-up pallets
and gears can be stored at remote buffer
stations.

These are just a few examples of the innova-
tions you can expect from BHS-HOFLER.
If you would like to know more about these
orother BHS-HOFLER developments and
products, please contact one of the follow-
ing addresses at your earliest convenience.
BHS-HOFLER is looking forward to hear-
ing from you.

[BHIS ' HOFLER

BHS-HOFLER Corp.  BHS-HOFLER

P.O. Box 127 Maschinenbau GmbH

Sky Manor Road P.O. Box 0452

NJ 08867 D-7505 Ettlingen 7, Germany

Tel.: (908) 996-6922
Fax: (908) 996-6977
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Tel.: + 49-7243-9910
Fax: + 49-7243-99165
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CLASSIFIED

SERVICE

GEAR NOISE ELIMINATED

The century-old problem of gear noise
has finally been solved! An ingenious
new concept and the powerful new tool
of computer simulation allow us to rede-
sign gearing so there is no significant
transmission error or dynamic incre-
ment at any load or any speed,
Applies to all gear types. Gives involute
spur gears that are quieter, smaller, and
less costly than conventional helical
gears. If you want the best, write or call
for details and/or quotation

Axicon Gear Company
P.0. Box 9122
Berkeley, CA 94709
(510) 843-8300

1ra
Geari{ofResearch
Institute
An Institute of ASME and AGMA

* Cooperative Pre-Competitive Research
Current Programs: Aerospace, Vehicle and
Industrial, Worm

* Multi-Client Topical Research

* Individual Client Research
Rating Reviews, Testing (Gears, Contact
Fatigue, Bending Fatigue, Wear), Problem
Solving, Etc

* Membership
Bloc Fund Programs, Corporate, Individuals

A Non-Profit Activity in Support of U.S,
Gear Producers. Write or Call for
Information. Memberships Available.
1944 University Lane Lisle, 1L 603532

TO8/241-0660 FAX T08/241-0662

GEAR TOOTH
GRINDING SERVICES

® Production and Prototype Quantities

® Specialists in Gear Tooth Grinding

*® Able to match delivery to your needs

® Gear Tooth Grinding Capacity to 27.5
inch pitch diameters

® All services to AGMA standards

CERTIFIED GEAR INSPECTION

PRO-GEAR COMPANY, INC.
23 Dick Road
Depew, NY 14043
Phone (716) 684-3811
Fax (716) 684-7717
Sales Reps. Wanted

CIRCLE A-21 on READER REPLY CARD

FELLOWS GEAR MEASURING
INVOLUTE - LEAD - INDEX - COMPOSITE

AIRCRAFT QUALITY REBUILDING

We will bring even the oldest instrument into the
90's with improvements that ADD WORTH and
* INCREASE RELIABILITY
* IMPROVE GEAR ANALYSIS
* EASE OPERATION

Our MASTER assemblymen blend the traditions
of scraping and fitting with new age mechanics
and electronics, literally PUSHING the limits
of ACCURACY

COMPLETE FIELD SERVICE
* Instrument Evaluation, Repair, and Transport
* Certification to MIL-STD, Traceable to N.I.S.T

Profile Engineerng Inc
100 River Street
&) springfield, VT 05156
G B802-885-9176
¥ Fax 802-885-3745
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Ground Gear

Specialists

* Reishauer RZ300E gear
grinders

* Manufacturing spur, helical,
and pump gears

* To AGMA Class 15 with
crowning

* Nital etch inspection

* Charting available

B CEAR CORPCRATION

AL
5o

941 Military Rd., Buffalo, NY 14217
Phone: (716) B74-3131 Fax: (716) 874-9003
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* Range up to 16 mod - 850 mm dia

* Machine wilth special large spindle bore 8"
* Small batch quantity

* Early delivery

* Angular spiral bevels

* Formate cutting of large diameter gears for

* Redesign of spiral systems available
* Maintenance requirement can be made from

" Can make drawing from sample

SPIRAL
BEVEL
GEARS

prototype

your samples

CALIFORNIA BEVEL GEARS INC.
1660 Mabury Road
San Jose, CA 95133
408-258-7212
fax 408-258-7335
Sales reps wanted
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Rates: Line Classified - perinch - $200. Classified Display - per inch (3" min.) 1X-5160, 3X-5150, 6X-5140. Type will be set to advertiser’s layout

or Gear Technology will set type at no extra charge

Payment: Full payment must accompany classified ads. Send check or Visa/Mastercard/American Express number and expiration date to: Gear
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must be received by the 25th of the month, two months prior to publication. Acceptance: Publisher reserves the right to accept or reject classified
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Contour Induction
Hardening Specialists

Spur, helical and bevel gears

Qur gear hardening equipment
includes 4 NATCO submerged
process machines and 3 AJAX
CNC-controlled gear scanning
machines. We can also tool to
meet any production need.
Write for a free brochure.

American Metal Treating Company
1043 East 62nd Street
Cleveland, OH 44103

(216) 431-4492
Fax: (216) 431-1508
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HELP WANTED

DESIGN ENC

INEER: $50.000. Helical and Spur
PROCESS ENGINEER: $55.000

SR. PRODUCT ASSURANCE/AQUALITY
ENGINEER: $52.000. Aircraft Gears
MANUFACTURING MANAGER: £75,000. Ajrcraft
Gears or Precision Machining

Ann Hunsucker, Excel Associates

PO, Box 520, Cordova, TN 3801 8-0520

(901) 757-9600 FAX (90]) 754-2896

As American as

It's true, our Consumer Information
Catalog is filled with booklets that
can answer the questions American
consumers ask most.

To satisfy every appetite, the Con-
sumer Information Center puts to-
gether this helpful Catalog quar-
terly containing more than 200 fed-
eral publications you can order. It's
free, and so are almost half of the
booklets it lists on subjects like nu-
trition, money management, health,
and federal benefits.

So get a slice of American opportu-
nity. Write today for your Free
Catalog:

Consumer Information Center
Department AP
Pueblo, Colorado 81009
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CALENDAR

FEBRUARY 12-14, 1992

3rd World Congress on Gearing and
Power Transmissions. Palais de
Congres, Paris, France. Sponsored by
major international organizations in
the power transmission field and in
the U.S. by AGMA and ASME-GRI.
Topics include gear geometry,
“nrmgcars. ll"il]'l.‘\]'l'li?\.‘iil}ﬂ L’ll.'ﬂ'lt'nl\\.
chains, lubrication, materials, noise
and vibration, testing, and applica-
tions. Contact: MCI (CMET) Tel: 33
142.94.27.67.FAX:33142.93.29.67.

FEBRUARY 24-27

National Association of Manu-
facturer’s National Manufacturing
Week. Six interrelated trade events
and NAM annual meeting focusing on
American manufactured exports. All
events at McCormick Place Complex,
Chicago, IL. Contact Laura Brown,
(202) 637-3087.

FEBRUARY 25-26

SME’s Bevel Gear Processing &
Manufacturing Clinic. Livionia (De-
troit), MI. Contact: Mike Traicoff,
SME Headquarters, (313) 271-1500.
FAX: (313) 271-2861.

CALL FOR PAPERS

For AGMA 1992 Fall Technical Meet-
ing. Papers accepted on design, analy-
sis, manufacturing, and application
of gears, gear drives, and related prod-
ucts, as well as related processes and
procedures. Authors should be pre-
pared to meet the following schedule:
Jan.2- Abstracts due at AGMA Head-
quarters. For more information, con-
tact Bill Daniels, (703) 684-0211.
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SHOP FLOOR

pinion ending on the sixth axis drives :
the time controlling mechanism, con- :
sisting of the escapement wheel and a :
rotary pendulum, while axis three is :
the take-off to directly turn the minute -
hand. This also drives another two :
stages in reduction to synchronize and :
- of step-up gearing using driven pinions :
. lows are cause for concern, especially

drive the hour hand.

Fig. 5 diagrams the second segment
of the clock, the quarter-hour chiming
section. It also has five stages of step-
up cycloidal gears running from the :
spring drum to an air paddle type speed :

governor. From axis number three,

motion is taken off and passed through :
a chain of four idler gears to drive a *
set of chime cams. These idler gears
are conventional and utilize typical
. sure fluctuations to do the winding.
One of the oldest methods uses gravity

involute gears.

]
g
AIR PADDLE
! 3
CHIME CAMS
| 2
I | H
SPRING DRUM € I e s o

Fig. 5 - Quarter-hour chime train.

T 3 SPRING DRUM

AIR 1
PADDLE

HOUR CAM

Fig. 6 - Hour-striking train.

In Fig. 6 the third section of the
clock. used for striking the hours, is
shown. It too uses a five-stage, step-up
cycloidal train, starting with the drum
and ending with another air paddle
speed governor. There is a take-off
from axis number three, and it turns the
hour striking cam.
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All in all, excluding cams, ratchets, :
and escapement parts, there are 38 !

gears in this clock.

Another name for the step-up drive -
described above is a going gear train. -
As shown in our dissection of the man-
tel clock, the going trains are five stages °

of very small numbers of teeth.

In the above case, the energy was
stored in hand-wound springs, but this
canbe accomplished by other means. A
small, geared electric motor can wind a -
- smaller, lighter spring, or an electrical
solenoid and a ratchet can do the same :
thing. Another interesting design uses *
a sealed air chamber, which expands :
and collapses with atmospheric pres-

: by means of a weight, a rope, and a :
- pulley to store the energy.
- Another interesting application is :
: seenin the traditional mechanical aner-
: oid altimeter that is required on all :
- aircraft, at least as a back-up instru-
© ment. It uses cycloidal gearing in a
step-up train. The gears are of higher
+ quality or precision and usually use :
. highly polished pinions. The small :
- movements of the aneroid chamber are :
. magnified through the gearing, driv- :
- ing the indicating pointers.

Pressure measuring gages driven by

: a Bourdon tube sense the flexure of the :
 tube to indicate the pressure. The driv-
ing force is quite high, and a pair of
step-up stages will suffice. Those gages
« I'have seen utilize involute gearing.
Mechanical dial indicators usually -
- use geared step-up drives, and these :
- too are of involute form.
Except for the very small teeth and
- small size of the gears, the usual manu-
facturing methods are used. Small hob-
bing machines using small cycloidal :
. hobs and automated form milling ma-
. chines using miniature rotary form :
- milling cutters are employed. Most of
- these machines are of Swiss, German,
- Janninck, please circle Reader Service

Inspection, particularly for the el- : No. 78.

- or English origin.

ements of profile, tooth thickness,
and adjacent tooth spacing, of these

. very fine-pitched, cycloidal, profiled

gears and pinions, can best be done
by optical means, using magnified
projected images and by comparing
the shadow against enlarged tooth
layouts. Any visible bumps or hol-

in the immediate area of the pitch
line. If the inspection layout includes
several teeth, then any adjacent spac-
ing errors can be judged. Surface fin-
ish can also be assessed by using
microscopes and comparison samples,

In the clock gear field, backlash
alsorequires special consideration. The
dust and fiber particles that can get
into gear teeth are larger in compari-
son to the small teeth in watch applica-
tions. Provisions must be made for

- space for this debris to settle without

binding. Oils and greases catch and
hold the debris and are not normally
used on the very fine pitches.

The suggestion has been made that
all of this special technology and pro-
cedure are not really necessary and any
difference between clock gearing, and
the more common involute gearing
might be small. I personally became
aware of the significant difference be-

- tween them many years ago. We had a
- damaged drive gear set in a timing

device which we replaced on an emer-
gency basis, cutting the gears our-
selves, using an available fine-pitch,
involute hob. After all, we thought, a

. gearis a gear as long as the tooth ratio

is correct. We could not make this
apparatus work no matter how much

* buffing, polishing, oiling, and prod-

ding we did. Finally, in utter frustra-
tion, as a last, desperate resort, the
original tooth forms were copied, at
some expense, and upon assembly, the
mechanism took off running. We were
pretty well convinced. W

To address questions to Mr. William L.




Introducing

TOCCO Profile Hardening

At last... there's a gear hardening process that provides TPH provides gearmakers with:

extra hardness/strength at the pitchline, and optimum + Increased strength

strength gradient at the root fillet — without excessive « Reduced distortion

heating and brittleness at the tooth tip. TOCCO Profile « Improved metallurgy |
Hardening (TPH), a new, highly automated and field proven « Higher quality |
process developed by TOCCO, merges 3 distinctive . Lower installation costs |
technologies: Programmed Preheat (AF — low frequency), « Reduced operating costs per part

High Intensity (RF — high frequency) and Incremental
Hardening. All can be comprised in a single, compact,
totally integrated manufacturing cell.*

Another TOCCO advantage: The proprietary TPH process
usually uses less than 200 KW rated power supplies (AF &
RF). So, you don't need an expensive substation, as
required by older design contour hardening systems.

Contact your TOCCO representative for detailed informa-
tion on TPH... the most advanced, selective or surface
gear hardening/tempering system available... anywhere.

TOCCO, Inc., Sales, Service and Technology Center,
30100 Stephenson Highway, Madison Hts. Ml 48071.
Phone 1-800-468-4932. In Michigan 313-399-8601.
FAX 313-399-8603

* Photographed at TOCCO-Boaz during run-off A Subsidiary of Park-Ohio Industries, Inc.
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or ultimate gear inspection productivity and quality,
the PNC gear inspection system may be your only
choice. It is flexible, easy to operate and provides the
most precise gear test data available. With our SMART
software package, no recalibration is required when
changing gear or part sizes. This converts to less
downtime than competitive testers—with less flexibility.

The PNC-30, like all members of the PNC tester family,
provides test data on several gearmaking operations
including: internal and external spur and helical gears,
worms and worm gears, hobs, shaving and shaping
cutters, along with straight and spiral bevel gears.

The PNC-30 may also be linked with your host com-
puter for up-to-the-minute manufacturing information.
It inspects gears up to 12" in diameter. SMART PNC
gear inspection systems are available for up to

80" O.D. gears.

...Puts it all together.

SMART

The most accurate,
easy-to-use, time saving
gear inspection system
available... anywhere.

For further information and a copy of our new
literature, contact: Klingelnberg Gear Technology, Inc.,
15200 Foltz Industrial Parkway, Cleveland, OH 44136.
Phone: (216) 572-2100. Fax: (216) 572-0985.
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