


It·s the RPM of1be bob 1bata..
the geu:z1liDB speedofhobhifta.
SmaB-dameb diBp(abJe ~
bobs frool Pfauter..Maag running at
400-5(X) SFM can mean bob RPMs
from 700-1100, aIKl wa:trabIe RPMs
from 5()..500. deperr:ting 00 the nmn-
her of teeIh in the wakpiece.
The American Pfauter/Pfauter-Maag
WaferN Hobbing System for high-
production gears and pinions offers
high-efficiency hobbing using:
• Small-diameter shank-type

Wafer1'oland Opti-Gash'" bobs

Hob Data
Diameter
Lenglth
Number of

Threads
Class
Material
Coating:
Cycle Data
F,eed Rate
Feed Scallop

Depth
Cutting SFM
Cutting RPM
Floor to Floor

Time (lMin.)
Pieces per

Waferi"M Hob

Wafer™
2.0"
7.5,"

3
A
CPM HEX 76
Tinite™

0.06"

0.0002"
400
765

0.25

27000

• 2_1a1dAriW -' I•..-......
O",Crnadine desip BIDJIlo-
tmaI tlocr spatZ

• Higblyreliable G.E. FANUC 15
0fC c:ontrol anddigilal <tive
prbae

The ..... 01....... iencybob-
.... indudtr.

• Highet poductivity
• Increased ~ uptime am

efficiency

• Improved part quality
• Reduced process variation
• Reduced total piece cost
• Reduced total capital cost
Write or call for our paper on
'High Efliciency Gear Hobbing'.

Limited Partnership

1351 Windsor Road. P.D. Box 2950. Loves Pari<, IL 61132-2950 USA
Telephone 815-282-3000 • FAX 815-282-3075
CIRCL.E A·l on READER REPL.Y CARD



Cutting
Introduces ...
Opti-GashTM 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, PMCf has developed the
Opti-Gash " hoh.
This hob. designed for a specific
production application, optimizes
the hob desien for maximum
benefits in p'foductivity 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 higher production mtes

of greater accuracy gears on
fewer. more expensive machines.
The Opti-Gash hob has been
developed to meet these demand-
ing and conflicting requirements.
Our engineers desianed thi .. hob
arollnd~a specific chip load and
created a tool having an optimum
number of gashes at a diameter
and length (0 suit the machine
capability and part requirement,
The result is a hob which will
produce a high dCb'TCC of Iorm
accuracy - and a machine cutting
load generating low-spindle
lOflJUCS - producing as a conse-
quence the highest possible lead
and index accuracy.
The low chip-load, high-quality
tool steel and coatings. along with

efficient cutting geometry result
in higher cutting rates and many
more pieces per sharpening than
with conventional solid or
segmental hohs,
The resulting reduction in machine
change-over time, resharpcning
and recoarina costs more than
cornpensatex for the reduced
number of available sharpenings.
Accuracy? TIle Opti-Gash is
avai table in all accuracy classes -
better than AA DIN or AGMA
standards if required. For a spe-
cific proposal on all Opt i-Gash
hob for your application, send
full part and machine data to your
local representative or contact
the PMCf sales engineer for
your area.

Pfau'e,- aag Cutting To s
Limited Partnership

1351 Windsor Road, P.O. Box 2950. Laves F':ark. IL 61132-2950 USA
Telephone 815-877-8900 • FAX 815877-0264
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ItS
We'veadded a new
dimension in service
and support to our
advanced 3-Dgear-
measuring machines.

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

As the gear experts at Zeiss, Hofler is
now more responsive than ever. Our full-servee
IDeations across the U.S. provide whatever you
need-sales, operator training, maintenance or
replacement parts.
Anextra dimension in speed and precision,

All Hofler machines feature a unique three-

I,,\- . ... . j.~~&fl 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 industl)l.

Hofler products include the ZME series for cylindrical
gears, the EMl 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.
Calltoday for literature or a demonstration.

1-800-,888-19,67Ext.51
Or see your local Zeiss represenlative.

Carl Zeiss, Inc.

IMT Division
7008 Northland Dnve
Minneapolis. MN 55428
612- 533 • 0225



Cover photo courtesy of WMW
Machinery Inc. Blauvelt, NY.
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Tired of rejects?

Tired of inadequate
inspection capabiHties?

Tired of promises
and no action?

Tired of gear suppners
that make you look bad?'

Tired of just
sm'ooth ta'l'k?

O,u,r qu,iet ge,ar's
d',o ,al,1th,e

tal,ki,ng 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 proqrarns for varying teeth and pitches and special

forms such as fi'exible coupl'ings or hi,gh helix worms and camshafts.

New Se,rv,ices
!! CNC analytical gear inspection.
!! Double flank. mil checking with SPCof individual elements: total composite error;

tooth to tooth error run out and average center distance.
!! Hob Sharpening: carbide and' spiral gash, capability.
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ClDTIBE
FEATURES:
./ Accuracy- All grinding

operations completed in a
single step

./ Rapid Setup or Changeover-
Bodies to blades, roughing to
finishing, other diameters.

./ Full Probing Capabilities-
For born part and wheel
location.

./ CBN Wheel- For better
surface integrity and finish,
longer tool life.

lihese features res'u'lt 1111'1II11prec'edented productiV.ity.

CONTACT US FOR FULL DETAILS

.£ELK RAPIDSENGINEERING

Ji7 Subsidiary of Slar Cutter Company

210 IIndustrial Park Drive. P.O, Box 728. Elk Rapids, Mil 49629
- Phone 616/264-5661'. Fax 616/264-5663

CIRCLE A-S,on RE.&J)ERREPlVCARD
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ADVERTORIAL

Bourn &Koch Machine Tool
Company, Rockford, TIlinois
Provides Unique Solutions

to Solve Gear
Manufacturing Problems

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

shipment.
After the exisringmanufacturing equip-

ment and method of processing wm; 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
I.halhad an influence on gear noise transmission.

The semi nar was presented to the opera-
tors, inspectors, engineers, and supervisors in a
classroom type of setting. Each attendee re-
ceived a text book for reference ill olving 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. lass AA
hobsere now being sharpened 10 Class AA
tolerances, and blanks being controlled by gear
quality requirements.

Problem - A portable electric 10.01

manufacturer wieh many mechanical Barber-
Colman Hobbers required more accurate change
gear set ups that worked the first lime and fit the
gear boxes without trial and error.

Helical pinions. and gears required
"hobbmg 1.0 green leads" dueto heat treat di tot-

tion after hobbing,
On differential type bobbing machines.

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

A BEST FIT SOLUTIO was to pro-
vide four computer software programs which

provided the set ups arielthe processing infonna-
non with the routings.

End Result - customer now has several
people trai ned to use the gear software for change
gear set up '.production estimating. The cus-
tomer can also calculate four gear ratios which
will achieve pecific accuracies using a tandard
complete set of change gear .

Application determinesthe BEST FH
SOLUTION. Not every application can be ad-
dressed by new single purpose or new universal
products. Even though Bourn & Koch has a full
line oleNC and manual hobbing and gear shap-
ing,machines. we evaluate she applicanonand lei
the solution determine whether new equipment or
bener utilization of existing equipment is the best
solution.

Your BEST FIT SO' UT]ON my not
alway be as ea yto define as these. but with the
helpof'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.

O,OU,Rn
'& '1,"'OIC:~I-ImaC:'I~lneTQQL 'C:O.

2500 Klshwaukee St.
Rockford, lL 611 04
8151965-4013 FAX.8151965·0019
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BOURN & KOCH MACHINlE 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.

ModeI16HCNC·56

16HCNC Series
Available in 16,36 and 56 Models
Max. Work Diarneter.. 16"
Max. Work Length 16",36",56"
Max .. Hob Diameter " 6"
Max. Hob Length 7"
Crowning, Double Cutting, Radial!
Tangential worm gear cycles.

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

Model 300HCNC

300HCNC Series
Available in 300,400, and 600 Models
Max. Work Diameter, 12". 16",25"
Max. Work Length 40", 48",144"
Max. Hob Diameter 6"
Max. Hob Length 7"
Also offers Carbide Hobbing capabilities.

macHIM.e TOOL CD'.

2500 Kishwaukee Street
Rockford. n, 61104
(815) 965·4013
Fax (815)965-0019



Before you buv» CNCGear
InSp,ection System, ask

these fo,ur Questions

1'.Can we get complete inspection of
both gears and cutting tools?
With the M & M QC 3000 System, the answer is
~. The system will test lead and involute profile
charactertsttcs 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 &.IMPrecision, we write and develop our own lnspecnon
software. Our technical team can and has implemented in-
spection specificaliions into specmc 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

3. OK, you can inspect gears
and cutti;ng 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 t·esting 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 01
lead and involute at multiple locations and provides two- and
three-dimensional graphics.

SPC Hun Chart Topological Map

4. IDoyou have the technical support team and lin-
stallation experience to back up the hardware and
software provided?
At M & M Precision, we have a technioai team with over 45
man-years of experience in developing CNCgear 'inspection
hardware and software. All software for our QC3000 System
has been developed in-house. In addition, we have working
installations at these leadi:ng companies:

• General Motors • Oincinnati Milacron
• THW. Chrysl'er
• 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 Carrollton, Ohio 45449,513/859-8273.

LI/YIliMM PRECISION
_SYSTEMS

AN ACME-CLEVELAND COMPA.NY
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ext year will be the SOOth

I anniversary of Chll'i topher
Cclumbu 'ramoll "dis-
covery" of America. Poor

Columbus has fajlen 011

hard time of late. what
with revisionist historians

smacking their lips over his
more notable failures and reminding us

thai. American natives have a vas fly
different point of view an this Great

American Success Story. Bill. before
we relegate the Great Navigator to. the

scrap heap of trashed-over heros. let'
take one last look at some of the pas i.-

rive lesson to' be learned from the
Columbus experience - onesthat could
be instructive to our current situation

in the American gear indu try.
Whatever other complex factors moti-

vated Columbus amdhi fellow explor-
ers to travel, and the various kings,

government. and bankers of Europe '10

finance their adventures, one undeni-

able goal was the opening of new mar-

kets. Our European ancestors got into
the exploration busine s to make money.

They were looking to open up trade
ralites to Asia. What they found, of
course, was omething el e entirely.
but those trade routes were what they
were looking for to begin with.

The decision to finance olumbus'

voyage was a busine deci ion too. It
was based on LheLime-hollored rule 'Lhal.

ri.sk and reward tend to be proponioaal -
the bigger the risk. the bigger the pos-
sible reward al theend,

And never doubt the nature of the
risks. It wasn't just that no one in Eu-
rope wa eertainefwhat layjnthewe t-
ern Atlantic, and lilat most contempo-
rary maps showed a big, blank. pace
there and the ominous warning, "Here
there be dragons." Nor was it justthat
even a state-of-the-art ship of the day
was one most of u 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 rrsks would sound
quite familiar to us today. The "bean
counter " in the Spanish court were
"bottom line" men too. They were
being asked to payout a 101 of money

with onlya dubious promise of ome-

thing in return. And they weren't all
that familiar with the markets they were

tryi.ng to break into. Contemporary re-
ports were vague, closer to fairy tales

than hard data ..Allthey knew for sure
was that vast wealth was to be had by
the person willing [0 overcome 'the
obstacles, but that these were formi-
dable. There were different languages

and customs that could gel the unwary
into trouble-if not eaten-and sophi ti-
catedv knowledgeable traders who
would strike a bard bargain and were
reluctant to let. newcomers share their
markets. Even ifone survived the voyage

and the dragons, the competition could
be,literaUy. killing.

The more cautious among them had

other good reasons for not straying far
from their home market. It.wascenainly
easier and safer and cheaper 10 do busi-
ness with their familiar neighbors. They
already had established customers. The
older trade routes maybe weren't the
be I, 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 hi ship
sailed over it into nothingness? What if
those "Indians" wouldn't sell them their
spices, and who knew how to peak
Chine e anyway? Sure, there might be

all the riches of a ast, wealthy contl-
nem if they ucceeded, but what if Ihey

JAN UARYIFEIlRUAAY '8112 9
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someplace else .. He never did find the luctant to take the risk of marketing

market he was really looking for. He ourselves aggres ively - either at home
and his followers made a lot of expcn-

si vc, tragic mistakes in opening the mar-

kets they did find. But they persevered.

They learned. And in the end, the sue-

10SI their investmenr?
The decision toenter new markets

hasn't changed. It's still a voyage into

unknown territory, full of risks and UIl-

foreseen problems. The dragons may

have changed the color of their cales,

but they're till waiting au! there, and

nobody', inve tment is guaranteed.

But the reward haven't changed ei-

ther. For the courageous, patient, and

peri tent, they can more than cover

the risks and expenses.

In the Spani,sJil court, the risk-takers

won out, and the rest. as they say. is

hi tory. True. the COUf e of success was

not smooth. Columbus was lost for

much of his voyage to the ew World.

After he landed. he thought he was

cess was of epic proportions.
Our situation in the American gear

industry is not unlike thai of those bean

counter in Queen Isabella's court. For

every powerful motivation we have for

seeking out new markets overseas. there

seems to be an equally good rea on for

Slicking dose to home. Money is tight,

The economy is shaky. The foreign
competition is stiff. The economies in

some of our most likely markets arc 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 offor might not payoff at ull':'

Can we afford not La?

What the visionaries .in the Spanish

court in 1492 knew was that, risky or

not, they really had no option. The

push to explore was on. I conomic and

social pressure a.II over Europe were
demanding the widening of vision 10

include the rest. of the world. If the

paniards didn't reach for the new mar-

kets, one of their neighbors - Portugal,

France, England - would.

The situation is the same today. The

pre. sures of history dernand fhat we

broaden OUf horizon again. Like it or
not, we live in a global village, and

plenty of OUI:' neighbors are already ag-

gressively exploring the opening mar-

ket. of Eastern Europe, Asia, and

South America. With our own market

at home shrinking lind our industry

growing mailer and smaller. can we

afford not to develop new markets both

at home and overseas?

Much of the American gear industry

eerns 10 me 10 be stuck in a timid,

conservative mind-set where we are re-

PUBLISHER'S PAGE
orabroad. Like some of Queen Isabella's

bean counters, we see the world as lim-

Ired to our own corner and are content to
leave il that way. Let omeone el e run

the risk of sailing off the edge.

This timidity w.ill be OUf undoing. In

the tough economic climate we face 10-

day. the gear manufacturers who are

succeeding are [he ones willing to take

the risk. and face ihe unknown . They

are willing to explore new markets here

at home or ill 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 failure .

They re gambling all their ability 1.0

find and develop these new markets.
It's a necessary gamble. We either

gel out our maps, load our ship. lind

gel moving, or be left behind by the

people who do.

~~
Michael Goldstein

Pub1isher/Editor-in-Chief



ADVER:TORIAL

Technological Advances.
aMajor Benefit Of

Gear Industry Mergers

••

To attendees of AGMA' sGear 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 evldentthan at Booth .10],where Klingelnberg
and Oeriikon demonstrated some oftheir capabilkies, The
(March, '91 )joint venture of West German-Kllngelnberg
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 gearmaker , Oerlikon brings

savvy from high
volume, automo-
tive-type produc-
tion of smaller di-
ameter Spiral Bev-
el . Klingelnberg'
universal cutting
systems cater tothe
needs of smaller
run, high quality,
larger 00 produc-

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 ystem also attracted buyers' anention (Figure
C). The OPAL delivers exceptional accuracie and ha .
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-Oerlikonjoint venture will also chan-
nel development energy on 11 common path for vibration
control, noise reduction and software development. In
today's climate of global com-
petiti veness, the importance
oftechnology has never been
such a critical issue. The com-
bined companies. working to-
gether, will set the pace for
gearequipmentinnovarioafor
years to come.

KNC-60 Gear Generator produces
Spi ral Bevel gears tip 10 600 mm.

Hou ed inlhe Klingelnberg
Gear Technology, Inc. head-
quarters at Strongsville (OM),

The OPAL 420 control system
speeds grinding and changeover
of Spur Gild Helical gears.

offering , gearmakers
will be the beneficiaries,
The results will lie with
shorter, more cost-effec-
tive run cycles; faster
changeoverumes; higher
quality levels; coordi-
nated testingequipment.

the combined re ources of
Klingelnberg and Oerlikon offer a single source for sales.
tecbrucal 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
Testing and

documemation
is q!4icker and more

accurate 011 a PNC 60.
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Ask us about the GMI differenoe and our innovative
new product .. .the Mutschler Model4S0 Chamfer
and !Deburring Machine Tool.. It features state-of-the-
art controls, up to four Rotex arms, for pre-program-
medfilnlshingl operation on up to 20'" OlD gears.
Oet complete detaiils. Call Bill McElroy at our
Clev,eland offices. !Hewill put GMI geallTlaik,ing
expertise to work for you!

Gsarrnakers today face many chalienges-qlJality,
service, r,eliability and pricing are probably the most
critical. Those who succeed lin today's competitive
marketplace often align with vendors. that deliver
extraordinary value=conslstem high quality
products, pertinent technleal support and personal
expertise. OMII is such a vendor.

=.o. Box 31108

1670811vandaleDr., Cleveland', OHI 4413,1

Phone (216) 642-0230 FAX (216), 642.-0231
CIRCLE A·112 on, READER RE'PL Y CARD



Product Liability Defense
Seven strategies tor minimizing your risk

D t's every gear manu-

facture.r's. rughtmar.e.
Your company has

__ been named as a de-
fendant in a product Iiabili.ty
suit - one involving serious
injuries and death. You're
facing endless court appear-
ance , monumental legal
fee, 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 mliott Olson, a part-
ner in the Los Angeles fum of
Haight, Brown & Bonesteel,
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, Warning. 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
YOll have indemnification, he
is responsible for tl:tedefense
in the event of a suit At the
sametime, that defense can
be somewhat simplified; and
the more complicated a suit
is, the more protracted - and

Lawlren:ce M. Kahn

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-
urance is probably not sig-

nificant, and may also enable
the manufacturer to buy com-
ponents at a lower price, since
you win not have to add the
cost of additional insurance to
yourprioe.

If such a deal. can be ar-
ranged, the wording of the
contract needs to be very spe-
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-
eluding those arising from
the sole negligence or defect
of the product manufac-
tured by the gear company. '"

But what if you do not have
or cannot get such a con-
tract? Then how do you pro-
tect yourself?

Complia.nce. Make sure
YOl.U product complies with
all government regulations
covering :it and with any ap-
plicable voluntary standards,
such as those of ANSI, SAE,
or AcGMA This provides an

---

MANAGEMENT MATTERS
external, objective indication Managing a business
of quality. A wen-run quality ~ today is hard work. let
control department is also an ~ "lManagement Matters"
im f'lo·...ant defense Olson says- : - - - -- -

-1' .""-- --' . _. --- , : l,endahand!.T1elluswhat
"Obviously, the proper qual-
ity control is essential," Fa:il-
ure to comply with your own
criteria can be fatal.

Detachment. A third de-
fense is toestablish an ap-
propriate distance between
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, "",the tractor
or whatever was designed to
pull a plow, and it's now being

management maltterslin-
: terestyou. Write,to us.,at

P.O. Box 1426. !Elk Grove,.
Il.I60009, or calli 'our staft
at ~108;'431-6604.

the contract of sale a statement
that the gear use should be
limited to the specific purpose
intended, "The gear rnanufac-
turer should at.least have some
specifications to which it i
manufacturing the gear and
make sure that the component
is designed beyond the endur-

used as a battering ram, and . ance limit of those specifiea-
the gear manufacturer knows : tions," says Olson.
that hi 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

Law!rence M. Kahn
is a Los Angeles-based
marking consultant, writer.
and media personality. He
specializes ilr business-
related subjects and was
the host of KIEV Radio's
"It's Your Business",
Among tire subjects of his
interviews has been former
president, Ronald Reagan.
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Illitron Replacement
Recorder Amplifier
This thoroughly modemized unit performs more reliably
than the OEM equipment by virtue of its updated electronics.
• Advanced: IG's
• Fused output to pen

motor
• Thermal overload

protection
• No operator re-training

required
• Also wi II retrofit to

Fellows Recorder

New, Exclusive:

NIST-Certified Lead Gage

Gear Technology is looking for some

possible cover art. If you have

anything that may look good on the

next issue of Gear Technology please

send it to us for review:

Gear Technology
]401 Lunt AVe,.

Elk Grove Village, IJ 60007

TECHNOLOGY

On the other hand, be wary in safety should come at the
of becoming too closely in- design stage, not later in the
volved in the design of the
final product. According to
Olson, the danger is thi :
"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

With this new gage you no longer have to question the
comparability and accuracy of separate masters for each
machine - one gage does it all.
• NIST-Certified f'""""------- .......II

• Accurate to ±O.00005"
• Measures flip-flop on

0.5" centers
• Ught-weight; easy

to use
• Durable construction

courtroom ..

Centrol, A fifth strategy
i 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' tdoeument the rea-
son at all or give other valid
reasons, such as cost cutting,
maintenance simplification,

-----

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
be used, how the tractor should
be used, or making recom-

mendations as to. the owners'

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

Ph: 708 377'-2496 FAX 708-377-.2546
Call today for infonnalion or to let us certifye=~:~:;i:;~~;~'

manual, etc .." periods of time. One such
Commitment. Commit- document is what Olson calls

ment to safety is the fourth the "God-help-us-if-some-
defense. No one sets out to
deliberately make 11 product
that will kill or injure some-

thing-goes-wrong" memo.
Such documents, usually cre-
ated in the heat of discus-

one, but sometimes safety sionsoveraprojectedchange,
concerns are lost sight of or
overridden by other consider-
ations. Management mu t in-
sti II 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 rna t expensive
things you can do is kill
somebody or make someone
a quadriplegic." Investment

CAN WE USE IT IF WE
DO'N"T ABUSE IT?

are also potentia] 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 shouldnever 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 th.ings
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-
lion 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 danger .and over-
warning degrade the value
of the notice.

Warnings hould cover the
unexpected. Says 01 on,
"Don 'Iwarn. against obviou
things. Don't warn drivers
not to run into people while
driving. On the ather 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 itreviewed by a
product liability lawyer,
preferably one with product
liability trial experience, all

engineer with product liabil-
ity experience, and, perhaps,
ahumanfactor engineerrnay

be a wise move. Olson says,
"Sometimes defects can be
eas i]y corrected if discovered
by such ,a review .."

Defend. Suppose you
havetaken all these precau-
tions and till find yourself
confronted with a product li-
ability suit. Olson' advice
in this case is to be prepared
to aggressively defend your-
self and preferably take COIl-

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
let them worry about it.
Many times insurance com-

panies are tempted to take
the safe way out, settle the
ca e,and then later raise your
rates or drop' yourcoverage
entirely. This could be unfair
to you in a number of ways.
Chance are, nothing is
wrong with your product. Its
design is based on sound en-
gineering practice. It meets
all the standards. codes.and
regulations. andtbere' s
nothing wrong with it, ex-
cept someone has misused
it Accepting a ettlernent in
such a case can cost you
money you shouldn't have
to pay and can hurt your
company' reputation.

The decision to launch
an 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-
ti fy your own counsel,"
says Olson.

Once you've made the de-
cision to aggressively defend
yourself in such suits, you
must al 0 be prepared to
present witnesses and com-
pany personnel 10 assist in
the preparation and defen e
of cases. But this investment
may be well worth it in term
of a final settlement.

Protecting your company
from product liability suits is
a complex. 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. I.
For allswers to questions about
this article, circle Reader Ser-
vice No. 79,

'

106,''~IrU,. Vii., KU,.ngk!!lll Hsiangl l6306,
MIaoIJ HsIel1, Taiwan, R.O.C.
Telex: S8S56Y1 KING
IFax: 886-37.229111 TeI:BB6-37-22614A
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QUALITY
GEARS
UP TO AGMA 15, Mll-I-4520BA & MIL-STO-45662

FROM A SINGLE GEAR TO LONG RUN PRODUCTION. INCLUDING
PROTOTYPE & EMERGENCY REPAIRjREBUILD SERVICE

SIZE RANGE: FROM UNDER 1'[048' DIAMETER
Rleishauer Gr,ound Gears:
M'os1 Typ'e IGealJ'SManufalclured
ICompllele to Customer Specillicatlions

• METRIC OR AMERICAN STANDARD
• SPUR. INTERNAL & EXTERNAL
• HELICAL, INTERNAL & EXTERNAL
• WORMS. WORM GEARS
• SERRATIONS .' SHAFTS
• SPLINES. INTERNAL & EXTERNAl

I

• SPROCKETS' CLUSTERS
I • SEGMENTS • SPINDLES

• RATCHETS. GEAR BOXES

Fully implemented SP,C,and data
Icommunications capabil:illes, utilizing

J~.state O..I.the arl eM, M, '5 and 1M..,' M IIreclsi:lm....", c: gear checker to, 30" Idiameter 10 1,8'" face.

. - 5ait"fane flea,.,.!)~c.
P.O. BOX 409, PLYMOUTH, M148170

(313) 459-2440
In Mich. 1-800·482·1773· FAX (313) 459-2941
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Design Guidelines for
High-Capacity Bevel

Gear Systems
Raymond Ji. Dlrago

Boeing IHelico,pter. Philade'l'phia, PA

Abstract: The design of any gearing system is 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 communi ty 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 fonn:
• Integrated gear/shaft/bearing systems
• Etfectsofrirn thickness on gear tooth stresses
• Resonant response

Nomenclature

0" Harmonic index, integer D == 0, I,2 ...

f'" Tooth mesh frequency and harmonics

k" Integer multiplier, k" I, 2, 3 ...

n = Number of gear teeth

N" Rotational speed, revolutions per second

Q= Number of mesh points on gear

W D = Weight of helicopter damping ring, pounds

W G" Weight of gear rim, pounds
n" Natural frequency, Hertz

Integrated GearlBearinglShaft Systems
Bevel gear 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 shaft and
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-
ityare critical considerations, these joints and
faying surfaces have been the subject of con sid-
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 forthe typical hel icopter appli-
cation; thus, much effort has been devoted to
coatings, platings, lubricants, and imilar 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 a.nd faying surfaces
altogether. This can be accomplished either by
welding or by designing integral gearfbearingl
shaft configurations. The former techniqae 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-



fig 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
thi technology wasthe development ofthe CH-
47D helicopter. A decision was made to elimi-
nate all bolted bevel gear joint, either through
integral de ign or welding, Integral design was
elected because of lower developmental costs

and greater inherent reliability.
The first step in the design of complex, :inte-

gral- haft spiral bevel gears i .the definition of
the path of the cutter with respect [0 the gear
blank, We have developed a.computer program
which uses manufacturing machine settings to
produce plots of the path of varia us points on the
cutting and grinding tool • as Fig. I shows.

Fig. ~ • CH47D Jorward sunlbevel ,gear wilh
grlDdi~ngwhe~1 tiip' and body point ploL
Graphic layouts and model check . are used to
ensure Lhat at proper cutter and haft design can
be obtained in orderto achieve an integral gear
design. Machine and cutter rnodiflcanoas have

- I
been developed to achieve the ere ults ..

Based upon these developmenrs, all of the
CH-47D spiral bevel gear were de igned to
eliminate all boned or splined joint . Atypical
comparison of the CH-47C and CH-47D for-
ward transmission sunlbevel. 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 thi. gear this
included the integration or an accessory spur
gear and a journal for bearings. The final design
of the CH-47D sun/bevel gear incorporared three
bearing journals and three gear (two spurand
one bevel) into a single integral haft/gear design.

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

BEVEL GEAR
INTEGRAL
WITH SHAFT

AtCESSO RY DRIVE
G EAR INTEGRAL
WITH SHAH
[THREAD, KEY. AND
LOCKNUT
ASSEMBLY
ElIMINATEDI

ACCESSORY
DRIVE GEAR
KEYED TO
SHAFT

lJ.a·INCH
PITCH
DIAMETER

SUN GEAR INTEGR_Al WITH SHAH

CH'-41C FORWAR P' SUNlBEYEl CH-gID fORWARD SUN/BEVEL

Fig...2 • Comparison (If CH47C and 0-4m gears,

ENGINE TRJl.NSMISSION

Fig ..3,· Representattve ,example of_ integral spiral bevel gear_. for the
CH·47D beUcopt,er.
eliminate canerinterference,

Furthermore. the power tran mined per pound
of gear has been increased. as shown in Table 1,
by at least IO~ and a much as 20% for the
growth power level of the CH-410 bevel gears
(lO,OOO-hp system as compared to the CH-47C
gears. ~6.000-hp .y tern). The philo ophy of in-
tegral design has been taken several steps. further
in theCH-47D transmission .permitting a more
compact (relatilve to power tran m itted) 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 tho e of the CH-47C.

The projected production acquisition cost of the
integral CH-47D gear is virtually the arne as
that for the conventional bolted shaft assembly.
while the life-cycle cost w.iU be significantly
lower because of reduced rejections at overhaul
for joint-related problems. Therejecti.on rate is
quite high for such problems; thus, eliminating
the joint will greatly lessen rejects. This conclu-

Ra,ymondJ ..D.~ago'
is A.~soci(llt' Tedmicol
fellow. Dynamic SY.flfITU

Technolog),. at Boei1Jg
Helicopters. He is .th~
author of numerous b()nks
and paper.\' an gel/rillg
subjects.
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Table 1
Relative Wei.ghls ofCH-47C Bolted Flange and

CH-47-D Integral Bevel Gears

II
CH-47C CH-47D

I
(6.000-hp system) (I O,OOO-hp system) Percent

Transmission Ibp/lhJ (hp/lb) Improvement
Forward 89 1:02 15

Afl 96 1.05 10

Mix 123 147

II

20 I

I Engine 175 209 20 I

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 conventioeal 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 ami experimental) has concen-
trated on the gear-teeth themselves withourregard
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

WHOLE DEPTH 0.25

Fig. 4 - Phuteelastic test specimen configuration.
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this phenomenon, a series of investigations was
undertaken with a simple segment model The
re uIt of this testing clearl y indicated that the root
stresses become much more significant as the gear
rimthickne s .isreduced.

In order to accurately evaluate the effect of
rim thickness, three different pitch diameters
combined with five rim thicknesses wereevalu-
ated, as summarized in Table 2, in an extensive
series of photoelastic tests.2-3 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 CD) and shaft
bore diameter (d) were the parameters varied
during the test, Radial support wasprovided 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 Broghamerused two-pitch, l 4.50

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 bya factor of 10 and provided se-
quential tooth plots Olil Mylar." The system
enabled the plot accuracy to be controlled
within a few thousandths of an inch. The e
plots were subsequently used to manufacture
the actual specimens.

A line-master copy milling machine was used
to cui 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 hac!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:] 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 haft deflection),

Three-dimensional models were required for
all the 0.45: I specimens because the rim thick-
ness was only sligbtly greater than the shaft wall
thickness. The 3-D specimens were cast from an
epoxy-based resin system employed phthalic
anhydride and amine hardener : 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
cat. 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 Fig. 5 . Dolan and 8roghamer~est setup.

locations along the tooth profile: low point of 4.IN. P.O., 20, 2:1

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: I 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
sirnultaneou Iy to conserve time becau e 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 ofthe 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.

Tallie 2
I

Photoelastic Test Specimen Configuration Gear

Shaft

II

!

Dia.D Din. d Backup Dash Model
(in.) (in.) Ratio No. Type

16
I

8.70 8:1

I

1 2D
16 14,00 2:1 2 20
16 I 15.40 0.56:1 3 3D

8 0.75

II

7.5:1 4 20
8 6JO 2:1 5 2D
8 7040 0.56:1 6 3D

4 0.75

Ii

3.8:1 7 20
4 2.10 2:1 8 20
4 3.4{) 0.56:1 9 3D

Tallie 3
Test Gear Tomb Geometry

Diameiral Pitch 5.000

25.000

0.200

0.245

0.06·2

0.310
Involute

Circular fillet wilh no
undercut

Pressure Angle

Addendum

Dedendum

Fillet Rad ius

Tooth Thickness
Tooth Form

Root Configuration

8-IN. P.D.•
.. 2D,2:1

a-IN. P.O.,
30.0.56:1

Fig. 6 • Comparison of 2·Dand 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 friage 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 re ulted in an accuracy
of ± 5% or better.

The data obtained from the experiments were

16-IN. P,O.,
20,2:1

4-IN.P.D ..
30.0.56:1
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reduced and convened into stresses. The magni-
tude of tlre : tresses of and by themselves are of
little consequence, since we are primarily seek-
ing trend. Furthermore. since the models were
plastic. the load and the re ultant tresses 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 orne knownpoints, We
have already indicated that for gears with rela-
lively large rim thicknesses. the conventional
equations predict the maximum fillet tension
stres with reasonable accuracy. In order to
verify thi observation. measured fillet tension
tres e 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 coo-

Fwg. , ,0 ScllemaUcof 3·D test setup,
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tact (HPSTC) is quite dose to the predicted by
the conventional equations. The actual devia-
tion var:ie. from about. + 8% to + ] 3%, whichis
reasonably good correlation.

The stress index calculated with theconven-
tioaal AGMA equation is based on the maxi-
mum tension stress, [I) facl, however, it is the
maximum alternating tre s which determines
the fati.gue load capacity of a gear tooth. With
this in mind. most of our en uing di cu ion will
center on alternating stress levels. Before dis-
cus ing the actual data, it would be wise to
establi IIsome conventions for naming the stres:
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 peci-
men, loaded at HPSTC) for each combination
of pitch diameter and backup ratio. The points
identified a fillet locations corre pond ap-
proximately to the conventional AGMA criri-
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 Iocation 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 stre s 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 stres is usuallythe result of
the combination of maximum tension and
maximum compre ion.

Although we measured stres e with the load
applied at: everalpoims alongthe tooth profile,
the maxiraumalternating stresse occurred when
the Ioad was applied at the highest. point of
single-tooth contact, Our discussion will thus be
limited to thi load 'case for aU 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 inforrnatien,



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
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below 2: I. The conventional AGMA equations Fig. 1.0• Effect ,ofbackup ratio on find alternat.ing stress.
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 ease
for an idler gear. As expected. the alternating
stress level is substantiallyhigher than for either
the root or fillet location when subjected to
unidirectional loading, For a given allowable
stress level, the load capacity is thu lower when
a gear is used as an idler, This fact is by no means
a tartling 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 7'0%
of its unidirectional value for bidirectional load-
ing. Actually the allowable stre does not
change; rather, the magnitude of the alternating
sire s 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 rever ed alternat-
ing stress in Fig. 13..

Based on these data, it appears that the 70%
suggested by the AGMA c tandards is a bit
optimistic for smaU 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
mea ured would then be much less significant if
a can rant relationsbipexisted between the two ..
It hould be obvious that thisis 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 COD-

(;5 1.0
><:

0161N.
o BIN. PITCH DIAMETER
~ 41N.'"'"wee

I-
(I)

Cl
Z

~z0,4
a::
LJ.J

~ 0,2

b
~ 0 !:-:-~~~+--~.I.:I-: __ ~--:!'-~-:':-I.~~...J..~

02 03 M 0.6 0,8 10 2.0 3.0 4.0-60 8.0 10.0
BACKUP RATIO

o.a -

1992,21

0.6 =

Fig. U - !Effectof backup rauoon rootaiternaCing stress.

1.0

~ 0.8

0161N.o BIN, PITCH DIAMETER
o .tIN,

6~O' 8.0 10.0

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 tneconventionally calculated index tre ses.
These data may, however, be used to develop a
rim thickness factor, KB, which call be used to
improve the accuracy ofthe 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 deign.

While thee 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

JANUARY/FEBRUARY



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 u ually extensive. e pecially 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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ALTERNATING STRESS AT 7.050 RPM ±3.800 PSI

ONE REVOLUTION OF GEAR

Fig. IS -Increase in alternating stress reseltlng from speed change to'
excite resonant response,
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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 .instress
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 00

the flange of a. spiral bevel gear. It is interesting
to note t.hat although the torque remained COIl-

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

FATIGUE. ORIGIN

Fig. 16 - Typi.ca~resonanee failuer ..



failures associated with this phenomenon, it. is
possible that it will not be recognized as the
causa] 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 resonantfrequencies will also
be altered; however. the resulting design is usu-
ally heavier and more costly dian necessary. Had
the resonant problem been recognized and dealt
with, the final configuration would have been
more cost- and weight-effective.

Mode Shapes - WIlen a body is excited at its
natura] frequency ..the body win 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
nape, ,bultalso in the del:erminati.on of excirarion

frequencies. In theory. 111 body of revolution is
capable of an infinite number of mode hapes for
each value of harmon icindex. 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 defonned
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-8. Fig. 17B shows the
cylinder again responding in aharmonic index =
2 mode, but. at a higher frequency and with ring
nodes at sections E-E and G-G.

Speed/Frequency {Campbell} Diagrams - h is
important to note that the mode shapes shown in
Fig. 17 represent the displacements at an instant
in time: at 112 cycle or 112m seconds later, the

n

displacements of the structure will be the negative
(with respect. to the undeformed shape) of the
displacements shown ..With this in mind, ircan be
seen that for a. stationary (nonrotating) ciecalar
disk or cylinder, a rotating, steady (non-oscillat-
ing) force wiU induce constructive reinforcement
of the displacement waves at a rotation speed of

N=± miD (l)
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 ~ I, 2, 3... For the case of D =
0, no nodal diameters (purely axisymmetrical
mode shape), this criterion does not apply, since
a.nonoscillating rotating force will not excite this
type of displacement mode shape. The excitation
force for geartooth meshing forces are not steady.
but oscillate with respect to a reference system
fixed to the rotating gear. The frequency of oseil-
lation of the mesh forces and their harmonics is

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

m = knN ± DN = (kn ± D)N
n

A convenient method of displaying the rela-
(3)
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Fig. 18- Typical speed/rrequency (Campbell) diagram.
tionship between gear natural frequencies and
transmission system excitations is with a fie-
quency-versus-speed d:iagram. 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. diagram .

Natural frequencies from bench test or analy-
sis are plotted a horizontal lines. The lines (l) :::

n
(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 ro lines intersect the ro "" (kn ±D n
D)N lines indicate the speeds at which the gear
resonance w:iIl be excited. Should these speeds
OCCUrwithin the operating speed range, a poten-
tial gear vibration problem will exist Resonant
conditions can also beexcited by harmonics of tile
tooth mesh frequency; therefore, n = (kn ± D)N
should be plotted for several of the lowest values
of k, In addition, otherpotential sources ofexcita-
tion must be considered. One which is of particu-
lar irnpcrtance in the design of epicyclic gear
systems is the planet passage frequency. Note
that for modes witli a harmonic index of I 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 aU cases the frequencies at which the gear
vibrates are its natural frequencies with respect
toa reference frame fixed to the rotating gear.
It should 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

,2'4 G.EAR TECHNOLOGY

can be determined either by test or analysis,
the foregoing is still applicable. In this case
the 0), horizontal lines would become 0) ""n n
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 BelUlvior - 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-ens.
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 du.ring
an actual operational transmission run. Some
progress is being made in the ana.lytical definition
of response level Although. it would seem that
analytical tech_niques are preferable in alII 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 forexperimentally defining the resonant
frequencies and mode shapes of gears ..The spe-
cific method which should be used ill any par-
ticular case is a function of component size,
mass, ami 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 (eJastomeric pads,
canis, etc.) and excited witha variable-frequency



I
I

source. A weep 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 repre ent the
excitation frequencies near which gear reso-
nant problems may occur. Note also the large
number of resonant frequencies. A bang test
consists imply 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 re onant frequencies of
the gear and shaft. Fig. 20 is a Campbell diagram
showing the free-vibration resonant frequencies
of an integral spiral bevel gear and shaft, as
determined from air siren testing vel' U shaft
speed. Also plotted on this diagram are the
frequencies at which increased response was
noted for the component installedand operating
under design loadings. These operating data
were obtained from telernetered train-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 ofa gear (or any other part) are the
method of excitation, the method of detecting
when a resonant condition has beenencoun-
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 stre s level, each parameter
may be addre ed separately since, ill 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 deserip-
tions of the variou techniques can be found in
Ref. 6. An excitation source, such as the electro-
magnetic setup shown in Fig. 2] 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 micrcphone
shown in Fig. 21. or the accelerometer shown in
Fig. 22, is 3180 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, tbus, mode
shapes. This technique does require some opera-

Fig, 22 - Air siren ,excitation source.

Fig. 23 - Modle sbape detectlon on a nat spiral
bevel gear (17,939' Hertz).

Fig. 24 - Technician probing manually for mode
shapes.

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

Analytical Methods - The high costs associated
with the reclesign 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
met.hod (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 that. only
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, fm
'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 yleldsexcellentresults. Formany
lowermode (which are the rno t important any-
way) the accuracy is far better than that at higher
modes; in mo t cases the error i 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 con idered 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 obtail!l 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 mea ured re onant frequencies are
also compared. The correlation in thi.s particular
cae 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 thereso-

nant frequencie have been determined. it must be
ascertained whether the frequencies lie in the
operating excitation range. If resonances do occur
in the operatingfrequency range, the design engi-
neer is faced with a decision: He may either
modify the design (change mass and/or tiffness
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 disadvantage . 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
theirnaturaI frequencie are far from any potential
excitation sources, especially gear mesh and its
multiples.

Although this approach is not practical in all
cases, .itcan be eminently successful, particularly
if the blank is relatively simple and the Campbell
d:iagram is uncluttered; ueh a case i shown in
Fig. 26. The gear mesh frequency at overspeed
(3,682 Hertz) is quite close to a narural 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 increa e enough to bring il into
proximity with either the idle or 100%- peed exci-
tation sources. In ca e such as tills, plots of the
mode shape we an invaluable aid in determining
where and how the gear must be modified.

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

and, thus, raise the natural frequencies, rather than
to add mass alone. such as adding lump 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 no! 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 lfthe proper amount and type of damping
are applied at the appropriate places on the gear
blank, thisapproach 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 10 its damping
characteristics. If it i 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, which is beneficial in adamping sense,
can be very detrimental over the long tenn, since it
may give ri e to fretting. Frettedjoint 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

-_ .. UNOEFORMED OUTLINE

DEFO.. R.MED O...UTt.INE,. ;W.:. -.-- "'-[MODE SHAPEJ I. !
NODAL DIAMETERS -. ,/
HARMONICINOEX=3 ......-.,/

AXIAL VIEW

CENTER LINE
SIREN TEST FREQUENCY 7,294 HZ
PREDICTED FREQUENCY 7,180 ~2

-114 . = 1.56%
Fig. 25 - Predicted. gea.r resonant freq,uendes.
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MATERIAL ADDED

~~
HARMON1C NUMBER 2
MODE 1
FREQUENCY 3,164 HZ
BASELINE WEIGHT 30.5 POUNDS

HARMONIC NUMBER
MODE
FREOUENCVA.556 HZ
MODIFIED DESIGN WEIGHT 32.S POUNDS

Fig ..26 - Com pari on of original and modified. spiral bevel gear designs;
modificationimpro\led resonant frequency chaeacterlstlcs,
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Fig ...27- Hollow gear shafts rUled with elastomer
and plugged.
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Fig ..28 - Thin elastomeric coating on gear web
with steel constraint.
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Fig. 29 - Types of damping rings.
fretting conditions and is preferable. since fretting
c-anbe 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.

Coaril1~s - Coatings can be applied to 11OnfUllC-

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-
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spray coating orelectrechemically plating relatively
heavy metals like molybdenum or copper com-
pounds on the appropriate surfaces, are more perma-
nent and less likely 10 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 whilethe noise level is
reduced in many cases, the damping provided Is
not sufficient to reduce the vibratory stresses to
acceptable leve.ls.1I

Rings - Damping rings are a much more effecti ve
method of providing damping. Solid, C-shapcd •
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 gear and 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 aseffecti ve 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); Ilms, 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 centhfugat fo:rci(Cf).
Since helical rings are not closed loops. they lend
to unwind with increasing CF and exert greater
force and thus, greater damping on the ring groove.
In a simil'ar 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 onlycontributes 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. Sa ed on thi information, the fol-
lowing empirical relation between ring weight and
gear weight has been developed;9

Wn = 0.06W
G
O.75Q (4)

Equation 4 has been shown '10 work well for
lightweight aiIcratt-type gears in the size range of
6" to 33" pitch diameter and at pitch line velocities
up to approximately 281000 fpm.

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

One of the mo t significant problems associated
with damping rings is the wear that occur, both on
the ring and its groove. Although the groove wear
alone is almost never evere enough to cause the
gear to fail, slivers which can cause indications on
chip detectors. indicating screens, and other debn
monitors can be generated. In addition the ring
wears excessively when it cro section ire-
duced, and the possibility of its faHure ari es. These
problems CaDl be reduced by hardening the groove.
and using mukrple-wrap rings. The wearappears to

be caused more by the ring beingforced to rotate in
its groove by the gear-load-induced deflections
under the mesh point than by its vibration in the
groove because of it re pon e to gear natural
frequencie . It seems likely that the wear problem
could be reduced by decreasing these deflections.

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

Cl:langi!lg Excitation Frequency - Our discussion
thus far has been limited to modification of the
response of a.gear to a given excitation source. It is
also possiblein some case to change the excita-
tion frequency. This can be done in everal way.
The easiest but usually the least practical method
would be imply to alter the ystem speed so that
it does not. coincide with .any of the natural gear
frequeucie . Relatively large changes in excita-
tion frequency can al 0. be made by changing the
diametralpitch (module) or the gear set to increase
or decrease the number of teeth .thu changing the
me: 11 frequency without changing han peed.
Any change inpitch: hould be carefully evaluated
in. order to insure that the bending-fatigue capacity
ofthe gear set is not compromised. Several de ign
techniques have been propo ed to employ gearing
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Fig. 30 • Reduction Df transmission bevel gear response thrDugh in-
creased da.mpi.ng.

with either more or fewerieeth than would ordi-
narily be used on agiven sized gear.

Other alternatives, which would require rede-
sign, are to alterthe number of planets in all

epicyclic system or Itochange the relative ratios
used in each stage of a mulnpa system,

Condus~ons
Three areas of significant concern to the deign.

ers of spiral bevel gearing have been identified and
eli cussed. 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 de ign guidelines have been pre-
sentedand references for further and more detailed
studies have been provided .•
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Optimum
Shot Peening

Specification - II
Mark Lawerenz.

lMetalllmprovement ICO•.• Inc •• IMlilwauk,ee. W'II
lmaets Ekis .•

F,ord iNew H,oUand•.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 con iderarions that should go
into developing a shot peening specification.
Part II 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 part are stressed in
one direction only and longer fatigue life is
desired than that obtained by conventional meth-
ods. The pari. is shot peened in a stressed or

Endurance limit *
150

,
;,- ..........,

UNPEENEO 8-12A 8 -12A+ 7 - 9A

loaded condition, and compressive tresse
produced by the peening can be as high a . the
compres ive yield tress of the material. it elf ..
This technique has been used heavily i.1I nu-
merous industries.

Dual lntensity Peening - Thi .rechnique also
can be u ed when substantially longer fatigue
life is required, Research done 011 carburized
teel indicates that dual peening, which i high

intensity shot peening. followed by lower inten-
silty hot peening with smaller shot, increa esthe
magnitude of surface compre sive re idual
stress ,I Additional testing on other material
have confirmed thi data.2.3 (See Figs, 1 and 2.)

• Average' Fatigue Ufe - Million Cycles

F:lg.l. Dura Peening Titanium 6AI·4V Blade.)

.• 1000 KSIIat 10,000,000 cycles,

Fig. 1 - Dura. Peening Rene 95 speeimens.i

Fatigue Ufa·

25r----------------,
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7A9A l1A lIA + 9N

Plating and Salvage Methods - If machining
di crepancies in production are sometimes al-
vagedby building up an area for remachining
by the u eof chrome or other plating techniques,
or if plating is used for a wear or protective
surface •. hot peening prior to plating can be
used. T:lIe hot peening will prevent crack propa-
gation from microcracks in the plating to the
parent metal if the part i ubjected to a cyclical



'HARD

BASE

Fig. 3 - Plating cracks will not propagate into
pre- stres -ed base.

load. Cracks w.ill not propagare into layers of
compressed stress. (See before and after shot
peening illustrations in Fig. 3 ..) In addition,
significant increases in fatigue' trength 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. Specification QQ-C-320 and MIL-C-
26074A. require shot peening on steel pans that
are chrome or electroless nickel plated,

An added side effect is the prevention of
hydrogen ernbrittlement by shot peening of this
parent metal prior to the plating operation.
Since atomic hydrogen is extremely mobile and
able (Q 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.5 (See Fig. 5.)

COn/our Correction - Just a . it is po sible to
create a de ired curvature and shape to compo-
nents by hot 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 in tead produce favorable
(compressive) residual stress. (See Fig. 6.)

Increasing Wear Due to Work Hardening - In
the discussion all material considerations. con-
siderable pace was given to whether a material
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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 materia.ls
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.
Typica1Jy this is not utilized for the compressed
stress benefits, but rather is used to compact the
surface 7 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.

0.'020 'O.OJO'0.01'0 0.040 '0.050

Fig. 7 - Hardness vs, distance from surface for shot peened hastelloy
"en samples."
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Fig. 8 • Shot peening improves endurance limits of ground parts. Re-
versed bend.ingfatigue of fiat ba.rsof Rockwell hardness C45.8
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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 ..Sincegrinding of
carburized gear can produce high ten ile tresses,
these stresses can initiate cracks in the tooth
surface. Shot peening prior to grinding win
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 - ~n particularly
Itostile 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 sati.sfactoryin-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 fotlowing parameters should
be identified:

L Areas to be shot peened
2. Areas to be masked
3. 'Optional areas
4. Areas where shot peening fades out
5. Shot size, hardness, and material
6. Locations for intensity verification and

intensity range at each location
7. Coverage requirements for aU areas to be

peened, including the method used for coverage
determi nation

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-
tion is as follows:

1. Areas To Be Shot Peened - These are noted
by DIM' A", and further critical area are iden-
tified by "XXX." Five primary areas require the
proper intensity. These are at the tooth root
f.illet, 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 i the fillet
radii ofrhe gear teeth, Most likely the main shaft
is being peened because the shaft may also
experience problems with fatigue. It is possible
that some machining may occur onthe shaft
body after shot peening, so rather than mask
this area, peening is being allowed .. The gear
pitch line area is noted becau e pittiag of the
gear tooth may occur.

2. Areas To Be Masked - These are noted by
DlM "B" and !DIM "C", Most likely the 0.0. 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 potentia] 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 thread' at the shaft. end do
not require peening and must be masked as
optional. peening could damage tile e.

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.

S, Shot size, Hardness, and Material. - M]
110 shot. inten ity 16- lOA; the MI 110 designa-
tion defines a cast steel shot.

6. Location for Intensity Veriflcation and
Intensity Range at Each Location - Only one
intensity is specified and is marked by "XXX."
If other intensities 'Orshot size are u ed, addi-
tional callouts and ymbols are required.

7. Coverage Requirements For All Areas To
Be Peened, Including tile Method Used forCov-
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 mo t likely will not,
work on parts similar to this part. h is strongly
encouraged that each gear requiring shot
peening be first evaluated based on the gen-
eral in-house specification prior to definite

DIM.'B' DIM. 'C'

I~XXXTYP.~,.

I
.25
.20

XXX !NTENSITY VER!F!CAJ!ON WCATIONS

SMT ~EfN AREA A PER M!L·S·lJI658.
USING MI nOH SHOT.INJENSlTY 6-lOA.
125110COVERAGE VE.RlflED BY PEENSCAN
MASK AREAS BAND C HOLES DARE
OPTiONAL BREAXO\ITSIDECORNERS 0 018"
SUORE PEEIIIING

Fig, 9 - Theoretical ex.amp~~~f~ gear with a suggested, pecificmion.

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 consideratioas
for shot peening, coupled with accurate manu-
facturing drawing callouts, can optimize the use
of this effecti ve tool. With the in-house specifi-
cation addres,~ing the particular needs of tbe
manufacturing company's gearing requi rerncnts,
and the correct specification on the manufactur-
ing drawing conveying this to the vendor, shot
peening can be utilized to it fulle t advantage .•
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The Right and Wrong
of Modern Hob

Sharpening
Robert ModeFow

ITW, lUinois Tools, Uncolnwood, IL

Precision gears playa vita] role in today' s
economy. Through their application. automo-
bile transmissions are more compact and
efficient, ships sail faster, and diesel Iocomo-
lives haul more freight. Today great emphasis
is being placed upon the reduction of noise
in all gear applications and. to be quiet. gears
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-lip proce-
dures, is well understood.

Not enough notice, however, has been given
to hob sharpening, a necessary operation wher-
ever gears are produced by bobbing and fully as
important as original hob accuracy in its effect

LEAD IS UNCHANGED
AFTER CORRECT SHARPENING

---.,.---_.
I

Fi~. I - Coned touth prunle and lead are maintained with careful
attention lu sharpening methods and accurucy.
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on gears produced. Even the finest class AA
precision ground hob will produce poor gears if
improperly sharpened.

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

Hobbing is a generating process .111 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:

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

2.. The cutting edges of the hob teeth He

along a helix of the correct lead.
Hob manufacturers hold these important el-

ernents to very close tolerances, and it is po -
sible to sharpen a hob repeatedly to the very end
of its useful life without impairing the accuracy
ofthe gear produced. (See Fig. L) But sharpening
must be done properly - otherwise both pre sure
angle and lead win be adver ely 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 [he hob teeth.
Grinding should extend deep enough to blend
in with the bottom of the flute. The flute ele-
ments affected by sharpening are:

I.Adjacent spacing
2.. Non-adjacent spacing
3. Rake (A radial flute has zero rake.)
4. Lead (A straight flute is paralle! to axis

and has an infinite lead.)
An of these elements must be held within the

tolerances Ii ted in Table I if the originalaccu-



I The figures in the table represent totalindicator variation in ten thousandth. of an inch. 'II

I

1 2 3 4 5 6 9 13 20 30 51
Diarnetral Pilch thru thru thru thru thru thru thru thru thru thru anel

1.99 2.99 3.99 4.99 5.99 8.99 12.99 19.99 29.99 50.99 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 ]0 IO -
Spacing C Certified Unground 50 45 40 30 20 15 15 IO IO 10 10

D Commercial nground 60 60' 50 50 30 25 25 20 17 17 -

AA Precision G:round* - - 40 35 25 15 15 15 15 15 15
on-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 nground 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 5 -
Depth C Certified Unground 50 25 15 10 8 7 7 5 5 5 5

D Commercial Unground LOO 75 50 40 30 20 20 15 15 10 -
CUTTING FACE WIDTH

Up to I" 1.001to 2 2.001 to 4 4.0<H to 7 7.001& up

AA Precision Ground" 8 to 15 20 20F1ul.e lead A Precision Ground IO 15 25 30 50
over B Commercial Ground ro 15 25 30 50

I

Cutting Face C Certified Unground 10 15 25 30 50
Width D Commercial Unground is 23 38 45 75

! * Single thread only
I --

Tallie I - Shnrpening Tolerances fur Single and \Iultiple Thread Huhs
- ------- - -

racy of the hob tooth form and lead is to be
maintained. These tolerances. standardized by
the Meta'! Cutting Tool Institute, are main-
tained by all hob manufacturers. When a hob is

sharpened within these tolerances, the gear tooth
accuracy win not be impaired.

Flute Spacing Error
Fig. 2 shows the effect of harpening 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 i. roughly II! 6 of the
flute spacing error, A pacing error of .0.16
would produce about .00 I error in the lead and
in the gear tooth profile.

The most common r,ea ons for exces ive
flure spacingerrors in sharpened hobs are:

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

2. Use of worn index plate or pawls in

CORRECTTOOTH POSITION

r-"'~RRECT TOOTH POSITION
! DUE TO SPACING ERROR)

Fig. 2 - Scriou» huh It"HI e rrors resolt l'nlln sharp enilll: \\ ith unequal
spacing III' clJUill~ ..ac ...~.

the sharpening machine.
3. Not vsparking out" the grinding wheel.
Under no circum lances should the tool

sharpener remove more material from anyone
flute just because it shows greater wear. This
would create a large flute pacing 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.

Robert Moderow
is the Irainilll( manager
allTW. Illinois Too/s.
He has over 35 years'

experience ill gearing
and is lilt! author of
Ilumerous books and

articles Olt gellring
subjects.
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POSITIVE RAKE FLUTE
AFTER SHARPENING

RADIAL FLUTE
BEFORE SHARPENING IORRECT PROFILE

, I

\ .J'

RESULTING GEAR
TOOTH FORM

(PLUS TIP)

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

I--.--
I

RESULTING GEAR
TOOTH FORM

Fig. 4 - Sharpening radial flutes with negative rake leads to produc-
tion of gear teeth with thick roots.

Fig. 5 - Lead errors in sharpening tend to produce distorted "leaning"
teeth on the finished gear.

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 .00 I 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
over eight orone-fourth of the total lead error of .00 I.
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,
but large in the center. (See Fig. 8.) If 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.

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.

SMALL
CONTACT AREA

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 GRINOING
WHEEL AT ROOT OF FLUTE

INTERFERENCE AT
TOP OF FLUTE

-i_
I

Fig. 9 . In sharpening hobs with helical flutes, the cone side of the
wheel must be used to avoid interference.



FlOTES SHARPENED
WITH POSITIVE RAKE

- - -

HI!" 10· ,\ hob sharpening rneasurfng machine.

dressed to a curve that eliminates interference.
Effect of Sharpening T.echnique

on Hob Life
In sharpening, care should be taken to avoid

excessive heat. It is easily 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,
btu also for improved finish.

Need lor Sharpening Inspection
It is obvious from the precediagjhat sharpening

errors can result in gear tooth inaccuracies which
prevent satisfactory gear pertormaace. It isessential
that bobs be harpened accurately.

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

FLUTESSHARPENED FLUTESSHARPENED
WITH NEGATIVE RAK:E WITH INCORRECTSPACING

J-·ig. I I - Parallel ke~ spline profile inaccuracies resulti ng Irnrn
improper spli IIi' huh sharpening.
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nuts will be tightened excessively, grinding wheels
will not be allowed to "spark QUt", dirt and chips
will get between collars. etc. And sharpening er-
rors, even though large enough to cause intolerable
gear errors, u ually 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 0.11 diameter or
approximately 5 times the difference in indicator
readings. taken over the high points of the end
teeth in the flute. The e indicator readings can be
obtained in the hob sharpening inspection ma-
chine.

AU 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 bobs. Fig. 11 shows the
effect of sharpening errors on parallel key splines.
Such inaccuracies may prevent proper fit.

la worm gear hob . the high pressure angles
and greater side clearance angles often u ed ag-
gravate the bad effects of sharpening errors on the
wonn 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. iHobs sharpened outside of standard toler-

ances shown in Table I cut inaccurate gear teeth.
This leads to unsarisfac tory gear performance and
often to early gear failure,

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

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

4. Hob sharpening accuracy is easily checked
with a hob sharpening measuring machine .• 1

Presentedas the A.GMA 19th Annual Gear Manufac-
turing SYl1!po illlll. April 7-9.1991. Chicago, fL ..Re-
printed with permission. The opinions, statements,
and conclusion presented ill no way represent the
position. or opinion of rile AGMA.
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What do all
se

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 Nonnac's optional tooth profile oftware,
programming and modifications are simple and fast INCORPORATED'

Call today to arrange a demonstration

P.O. Bo.x 69 Arden, NC 26704
Phone: (704) 684-1002 Fax: (704) 684·1:384

P.O. Box .207 'Northville, MI 48167
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A Clockwork Gear

IQuestion:: Could you explain what
iismeant by "borologicaEgealiing"? I
never heard of this befor,e,altbough
I understand. it has something to do
with watches. Could you also explain
the mea.ning of a.!!going gear train"?

Horology i 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 quartzcrys-
tal. For ultra-precise timing. the
atomic clock uses a resonant fre-
quency of Cesium 133 and i accu-
rate to one econd in 250',000 years.
Not quite what you need around the
house for tellmg time!

Although sundials can get quite
sephisticated, they utilize no gears;
neither do most modern. digital tim-
ers and watches. But for the several
centuries in between, docks, watches,
timers, fuses. and other such devices
were prolific users of gears. An entire
field of design and manufacture of
tile e mechanical gear element. de-
veloped, and all the gears used in
clock: , 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
"horolo gicalgearing' .

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 problem of design faced by
watch builders, especially consider-
ing the very small size of some me-

William l,JanOlinc:k

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 axe
the opposit,e of the more usual appl ica-
tion problems of step-down or speed
reducing drives faced by most de ign-
ers ..In addition is the ab clute meed for
low friction and high efficiency.

In a mechanical watch or clock, tile
driving 'energy is stored in a spring-
wound drum and is slowly released as
minute pulses through the tep-up
drive train and into an escapement
mechanism, with the gear train. tatt-
ing and stopping completely with each
cycle of the escapement wheel. The
frictien through the gear train must be
minimal for tile uccessful management
and release of the available energy,

One of the first areas of concern in
step-up drive 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 tile arc of rece sion, or exit path out
of mesh. rather than the arc of ap-
proach. or entry path into mesh, is LIsed.
To accomplish this, a cycloidal tooth
form is used, and to further reduce the
approach actiencthe cycloidal tooth
form on the pinion addendum is modi-
fied. concentrating tile action near the
pitch line of the gear set

For compactness. pinions of as few
as 6,.7, or 8 teeth and tep-up ratios of
as much as 12: 1 in a single mesh are

Address your gearing question
to, our panel of exparts. Write
to them care' of ShOiP' IF,I"o'or.
Giear T,echnology. P.O. Box
14.26, IEllk IGmve, Vmag,e, IIIL
60009 .•Dr call our editorial staff
at 1(7:08) 437-'6604.

used. The teeth can be as fine as 250
diamerral pitch wlth depths aslittle as
..0 [2". To avoid friction losses from
side thrust, the teeth are alway spur.

Many (oath forms and proportions
have been established suitable for
horological purposes. Some of these
u ed in tep-up drives are the Ogival
- orm. British Standard 978. Black For-
est Clock Standard, the Swiss Cycloi-
dal, the Prescot. and the Circular Arc.
Another one frequently encountered

William L Janninck
does gear and tool design
and consulting. He has been.
involved will, gears and gear
manufacturingfor 45 years,
40 of them with Illinois Tools
·/TlV Inc. He is till' authoro]
numerous articles .0" gear-
related topics.
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FAX: (203) 223-2979. World Class MeasurementTechnology

A THYSSEN Company

,CIRCLE .0.-36 on R'E.o.DER R,EPL Y CARD

ADVERTISER INDEX

American Metal Treating Co.
American Pfauter, I...P.
Axicon Gear Company
BHS-Hol1er Maschinebau GMBH
Bourn & Koch Machine Tool
California Bevel Gear Inc.
.Diseng
Fairlanc Gear. Inc.
Foresl' i'ly Gear
GMI
Gear Re earch Institute
High Noon
Hol1erflMT Div. of Carl Zeiss. Inc.
Hommel America
Intercontinental Industries. Inc.
James Engineering
Klingelnberg Gear Technology. Ine,
M & M Precision Systems
Manufactured Gear & Gage, Inc.
Midwest Gear
- iagara Gear

Normae
Pfauter Maag Cutting Tools. L.P.
Profile Engineering. Inc.
Pro-Gear Company. Inc.
Starcut Sales, Inc.
Tocco" Inc.
Yin King Industrial Co .. Ltd.

Reader Service Page
Number Number

28 47
I Cover 2

21 46
17 44

9.1.0 6,7
30 46
40 39
15 1.5
4 4
12 12
22 46
]9' .5
18 2
38 42
8 10

39 39
5, 7 Cover 4. II
11 8
13 14
16 43
25 46
14 40
2 1
24 46
26 46
6 .5
20 Cover 3
41 15

42 G EAR TEe H N 0 LOG V

is the Wickenburg form.
Fig, I shows a typical cycloidal form

pinion and gear .ill mesh. The flanks on
both members are radial lines below
thepitch line. A special type of pinion
having six teeth or more and u ed in
step-up drives is called a lantern pin-
ion and is shown in Fig. 2. A tooth
layout is shown ill Fig. 3. The teeth ate
formed of polished pins or wires set in
a pair of end plate . These pinions are
not recommended for reduction drives
in horologicaJ applications,

The number 'Of the tip modification
used on clock gears may cause one to
question the functionality of these
gears, since the tooth form departs
from true conjugacy. CycIoidal 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 I .0 on
involute gearing are a ignal of prob-
lems and, with an involute profile, indi-
cate a pos ible damaging edge contact
and lack of proper uniform transrnis-

Fig. I - Cycloidal gear set.

Fig. 2 - Lantern pinion.

• ••~~r.r!__
/J- U P L-

+

Fig. 3 - Lantern pinion gear set.



sian of rotation. Thi i not the case
with cycloidal profiles. and edge COlll-

tact is rare ..
A step-lip drive in a. dock is one

application where efficiency of en-
ergy tran mi ion, rather than uni-
form transmission of rotation. is the
primary objective. If these gears were
in peered by the single flank method,
the results would how a tooth-to-
tooth rotational 'error, but this is not a
concem for clock and watch gearing.

Not all the gears ued in norolog-
ical gearing have the cycloidal tooth
form. Many applications can and do
use involute gearing. such a those for
winding drives. time setting, minute-

- -

SHOPFLOOR
hom hand synchronizing, or olher mo-

lion transfer. In electric clocks using a.
synchronous electric motor power
source, the gearing j . all in reduction
stages, and most use invohite gearing.
Electric meters used in measuring en-
ergy may u e some special high-re-
duction worm drives and thenend up
with involute gearing for the dial re-
cording drives, Liquid and ga meters
also lend to use involute gearing.

It might be helpful 10 diagram the
gear trains u ed 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 u ed for preci e
time keeping and display . Starting with
the pring drum gear there are five
step-up cycloidal tooth form stages
located 011 sixaxes. The last stage
(Continued on page 48)

MINUTE HAND

Fig. 4 - Main clock train.
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ADV,ENTORIAL

Double Flank Grinding
•can mcrease your

Productivity up to 50 %
THE RECENTLY INTIRODUCED DOUBLE FLANK GR.lNDING MET'HOD FROM

BHS~HCFlIER CAN HELP YOU INOAEASE YOUR PRODUCTliVIIlTY 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
unbearably fast while maintaining the high
level of accuracy BHS-HOFLERis 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 ofa 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 eNe-grinding wheel dresser.

44 G c .AR Tee H N 0 LOG V

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:
OP:
Pressure angle:
Helix angle:
Gear width:
Outside diameter:
Stock per flank:
Hardness:

27
5.6
20 degt
13,5 degr.
4"
5.3"
.008"
HRC62

AGMA Quality 14:
3 passes, 26 enveloping cuts per involute,
intermediate dressing on he 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 ofthe grinding wheel
after 7-0 teeth.

Total time single flank grinding mode:
25,8 min.
Total time double flank grinding mode:
17,1 min.



Example 2: Gear:
Number of teeth:
DP:
Pressure angle:
Helix angle:
Gear width:
Outside diameter:
Stock perflank:
Hardness:

92
3.18
20 degr;
7 degr, R
4..1"
29.8"
0.01"
HRC62

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:
B2,J min.
Total time double flank grinding mode:
92.9 min.

AGMA Quality 1.3:
2 passes, 28 enveloping cuts per involute,
intermediate dressi ng onne grinding wheel
after 8-0 teeth.

'Ictal 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 effieiem and accurate
gear mounting system, The pinion was
mounted between 'center and the gear was
setup on a newly developed pallet loading
system.

ADVENTORIAL

The exclusive BHS-H(WLER pallet load-
ing system is the first high accuracy pallet
system tailored to the requirements of the
gear grinding industry. h reduces setup-
and downtimes to an absolute minimum.
Gears are clamped with pallet on the etup
station outside of tile gear grinding rna-
chine while it is in operation. During tile
time that one workpiece i.being ground,
the operator 'can true-up the next gear and
prepare it for loading. When the previous
workpiece is fini hed it is lifted with its pal-
let off tile machine table and placed tempo-
rarBy 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 tile setup station. This
system can also be used in multi-mac.hine
operation whereby the trued-up pallets
and gears can be stored at remote buffer
stations.

These are just a few examples oftheinnova-
tions you can expect from BHS-HO LER.
If you would like to,know more about these
or other BHS-HOFLER developments and
products, plea e contact one of the Follow-
ing addresses at your earliest convenience.
BHS-HDFLER is,looking forward to hear-
ing from you.

BHS·HOFLER' orp,
p. o. Box 127
Sky Mallor Road
NJ' 08867
Tel.: (908) 996-6922
Fax: (908) 996-6977

BHS-HOFL R
Maschinenbau GmbH
P.O. Box 0452
D· 7505 IEtUingen7, Germany
Tel.: + 49·7243-9910
Fax: + 49·7243·99165
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SERVICE

GEAR INOISE EUMINATED'

The century-old problem ot gear noise
has finally been solvedl An ingenious
new concept and the powerfull new tool
of com puler simulation allow us to rede- I

II sign 9.e.a.ri.ngso there is no si~ni.ficant I

nansmissron error or dynamic mere-
I ment at any Iload or any speed.

Applies to all geartypes. Gives involute
§QlJI gears that are quieter .srnaller, and
lass costly than conventional b.e!kal
gears. If you wantthe best, write or call
for details and/or quotation.

Axicoll Gear CompallY
P.O. Box 9122

Berkeley,GA 94709
(510) 843-8300
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FEllOWS GEAR MEASURING
INVOLIUTE - LEAD -INDEX - COMPOSITE

AIRCRAF1' 'QUALITY REBUILDING

We will bring even the oldest instrument into the
90's with improvements that ADD WORTH and

+ INCREASE RELIABILITY
., IMPROVE GEAR ANALVSIS

* EASE OPERATION

Our MASTER assemblymen blend the traditions
ofscraping and fitting with new age mechanics

and electronics, literally PUSHING the limits
of ACCURACY.

COMP,LETE IFIELD SfRVICE
., [nstrurnant Evaluation, Repair, and Transport
"Certification to Mil-STO, Traceable to N.'I.S.T.

I ProfileEngineerng Inc.
TOO River Street

Sprinqfleld, VT '05156
802-885-9116

Fax. 802-885-3145
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Gear tS11Research

Institute
An Institute of ASME and AGMA

.' Cooperative Pre-Competitive Research
Current Programs: Aerospace, Vehicle and

Industrial, Worm

GIEARTOOTH
GRINDI!NG, SERVIICES

• Multi-Client Topical Research

'. Individual Client Research
Rating Reviews, Testing (Gears, Contact

Fatigue, Bending fatigue, Wear). Problem
Solving. Etc.

• Membership
i Bloc: Fund Programs. Corporate, Individuals

A on-Profit Activity in Support of U.s.
Gear Producers, Write or Call for

Informatlon, Memberships Available.
1944 University Lane Lisle,lL 60532

708/241-0660 FAX 708/241-0662
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Ground Gear
Specialists

• Aeishauer AZ300E gear
grinders

• Manufacturing spur, helical,
and pump gears

• To AGMA Class 15 with
crowning

• Nital etch inspection
• Charting available

'. Producficn and Prototype Quantillies
I· Specialists in Gear Tooth Grinding,

• Able to match delivery to your needs
.' Gear Tooth Grilildingl Capacity to 27.5

inch pitch diameters
.' All services to AGMA standards

CERTI!FiIEDGEAR INSPECTION

PRO-GEAR: COMIPANV,IN:C ..
.23Did Hoad

Depew, NY 14043
Phone (716)684·3811

Fax (716)684-J717
Sales Reps. Wanted

\"~N'V''-JlI!AIiARA
~ .'\ - ~> ~J!

·'"!..-v-,,"0
941 Military Rd., Buffalo, NY 14217

Phone: (716) 874·3131 Fax: (716) 874·9003
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SPIRAL
BEVEL
GEARS

CIRCLE A·25 on READER REPtV CAlm

• Range up to 16 mod • 850 mm dia.
• Machine with special large spindle bore S"
• Small batch quantity
• Early delivery
,.Angular spiral bevels
• Formate cutting of large diameter gears for

prototype
, Redesign of spiral systems available
, Maintenance requirement can be made from

your samples
I • Can make drawing Irom sample

CALIFOR /lilA BEVEL GEA'RS 'I/IIC.
1660 Ma.bury Road

San Jose, CA 95133
408-258-7212

fax 408-258- 7335
Sales reps wanted

CIRCLIE A.-3~ on IR:EADERREPLY CA.IRD

Rates: Line Classified - per inch - $2(~).Classified Display - per inch (.3" min.) IIX-$160.,3'X·SI50, 6X·$140. Type will be set 10 advertiser's layout
or Gear Technology will set type at no extra charge.
Payment: Full payment must accompany classified ads. Send check or Visu/Mastercard/American Express number and expiration date to: Gear
Technology, P.O. Box. 1426,. Elk Grove Village, IL, 60009. Agency Commission: 0 agency commission on classifieds. Materials Deadline: Ad
mils! be received by the 251h of I:he month, two months prior to publication. Acceptance: Publisher reserves the right to accept or reject classified
advertisements at his discretion.
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HEAT HEATING
- --- ---

Contour Induction
Hardening! Sipe'cialists

Spur, helical and bevel gears
Our gear hardeningl equipment
includes 4 N'ATCO submerged
process machines and 3,AJAX
CNe·controlled gear scanning
machines. We can also 1001 to
meet any production need.
Write 'lor a free, brochure.

1,1.209

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

As American as

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

To satisfy every appetite, the Con-
sumer Information Center puts to-
gether this helpful Catalog quar-
rerly 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-
ttition. money management, health,
and federal benefits ..

Consumer Information Center
Department AP
Pueblo, Colorado 811009

Ameri,can Metall Trea,t,inglCompany
1043 East 62nd Street
Cleveland,DH 44103

(216) 431·4492
Fax: (216) 431-15tJ8
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HELP WANTED'
DESIGN ENGI EER: $50,000. Helical and Spur
.PR.OCESS ENGINEER: $55.000.
SII. PROIJ CT ASSURANCFJQUAUT\I
ENG:INEER: $52.000. Aircraft Gears

I
M,\.NIJFAC',f,' HI G MANAGER: $75.000. Aircrafl
Gears or Precision Machining.

! Ann Hunsucker. Exce) Associates
i 1'.0. Bu. 520. C<>r~Q"'. TN 380 I8-052{)
I ('KII I 1S1·91JOOFAX ('JOJ) 154-"896

.S. POSTAll SERVICE STA.TEME 'r OF OWNERSHIP, MANAGEMENT
A.NDcmct LATIO OF lO/lS/9!

Publicatiun: Gear Technology. The Journal of Gear Manufacl.urinll
I 0:0743·6858
Published: Birnomhly, 6 issues per year.
Annual Subscription, Price: $40.00
I\Imilinr.:ddre5!! or Publication:
1425 Lunt Ave .. Elk Grove Village. Cook. IL 60007
Nameend Mailing Addr,c5!! of PublLsber:
Randall Publishing, lnc., 1415 Lunt Ave., Elk Grove Village. Cook. IL 60007

lime and lallfng Address of Edi.tor:
Michael Goldstein, 1425 Lunt AYe .• Elk Grove Village. IL 60007
Name und MDiJi!l~Address of Managln!! Editor:
Peg Short. 1425 Lunt Ave .. Elk Grove Villuge, .IL 6(1(1(17
Name and Address of Owner:
Michael Goldstein, 1425 Lunt Ave .. Elk Grove. Village. :IL 60007
Richard Goldstein. Same
Harold Golstein, Same
Known Bondll!,lders:
None

ature &: E"lrnl o'J Circulation An:rag<: u, or Gopk... Each Actual o. or 'Copies. Sin!,>!Issue
I.ssu~ Precedlng 12 Mos. PUblished Nearest Filing Dale

rotal No. Copies 11,,209 15.748

Total Paid and/or Reque ted 5,851 6.218
Circulation

Free Distribuuon by Mail 4.490 7,872
Currier or Other Means
Samples, Complimentary, and
Other Free Copies

total Distribution 10,341 '14.090

Total

Copies Not Distributed 868 1.648

15.758

CALENDAR
FEBRUARY 12:-14, 199'2
3rd World Congress on Gearing and
Power Transmissions. Palais de
Congres, Pari .France. Sponsored by
major international organization in
the power transmission field and in
the U.S. by AGMAand ASME·GRI.
Topics include gear geometry,
wormgears, transmission elements,
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 export. AU
events at McCormick: Place Complex,
Chicago, ]L. Contact Laura Brown,
(202) 637-30.87.

FEBRUARY 25·26
SME's Bevel Gear Processing &
Manufacturing Clinic, Livionia (De-
troit), MI. Contact: Mike Traicoff,
SME Headquarters, (313) 271-1500.
FAX: (3D) 27.1-2861.

CALL FOR PAPERS
For AGMA 1992 Fall Technical Meet-
ing. Papers accepted on design, analy-
sis. manufacturing, andapplicauoa
of gears, gear drives, and related prod.
ucts, as well as related proce e and
procedures. Authors should be pre-
pared to meet the fol lowing schedule:
Jan. 2 ~Abstracts due at AOMA Head-
quarters. For more information, con-
tact Bill Daniels, (703) 684-021 L

JA~U"'RYIFEBRUARV 19924,1



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

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
involute gears.

SHOPFLOOR
6 4

Fig ..5 - Quarter-hour chime train.

6
SPRING DRUM

AIR
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.

:48: G EAR TEe H N 0 LOG Y

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 step-up gearing using driven pinions
of very small numbers of teeth.

In the above case, the energy was
stored in hand-wound springs, but this
can be 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-
sure fluctuations to do the winding.
One of the oldest methods uses gravity

ements of profile, tooth thickness,
and adjacent tooth spacing, of these
very fine-pitched, cycIoidal, 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-
lows are cause for concern,especially
in the immediate area of the pitch
line. Ifthe 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
also requires 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-

by means of a weight, a rope, and a tions, Provisions must be made for
pulley to store the energy. 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 OUf-

ing force is quite high, and a pair of selves, using an available fine-pitch,
step-up stages will suffice, Those gages involute hob ..After all, we thought, a
Ihave seen utilize involute gearing. gear is a gear as long as the tooth ratio

Mechanical dial indicators usually is correct. We could not make this
apparatus work no matter how much
buffing, polishing, oiling, and prod-

Except for the very small teeth and 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 offrunning. We were
pretty well convinced. 1.1

To address questions to Mr. William L.
Janninck; please circle Reader Service
No. 78.

Another interesting application is
seen in 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 tbe
tube to indicate the pressure. The driv-

use geared step-up drives, and these
too are of involute form.

small size of the gears, the usual manu-
facturing methods are used ..Small bob-
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,
or English origin,

Inspection, particularly for the el-



il ntroducing

TOCCO Profile Hardening

At last .• there's a gear hardening process that provides
extra hardness/strength at the pitchline, and optimum
strength g.radient at the root fililet - without excessiv~
heating a-ndllbrittl!enessat the' tooth tip. TOCCO ~roflle
Hardening (TPH)" a new, highly automated ~n.d fl~ld proven
process developed .by TOCCO, merges 3 dlstincfive ...
technologies: Programmed Preheat (AF -low frequency),
High Intensiity (!RF- high frequency) and ilncremental
Hardening. All can be comprised in a single, compact,
totally integrated manufacturing cell:
Another TOCCO advantage: The proprietary TPH process
usually uses I'ess than 200' KW rated power supplies (AF&
RF). So, you don't need an expensive s~:bstation, as
required by o'ider design contour hardemng systems.

• PhotogJaphed at TOCCO-BoiU during run-of

TPH provides g,earmake,rs with:
• Increased strength
• Reduced distortion
• Improved metallurgy
• Higher quality
• Lower installation costs
• Reduced operating costs per part

Contact your TOCCO representative for detailed informa-
tion on TPH ... the most advanced, selective or surface
.gearhardening/tempering system available ... anywhere.
TOCCO, Inc., Sales, Service and Technology Center,
30100 Stephenson Highway, Madison Hts. MI,48071.
Phone 1-800-468-4932 .. In Michigan 313-399-8601.
FAX 313-399-8603

A Subsidiary of Park-Ohio Industries, Inc.
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lo{ ullimale gear inspectionproductivity and quality,
tM PNC gear lnspectlcnsystem may be your onl'y
choice. Ilitis flexibl'e" easy to operate and pro'llid'es the
most precise gear test data available'. With our SMAHT
softw·are package, no reeanbrafion is required when
changing gear or part sizes. This converts to less
downtime'than ,competitive testers-with less fl'exibility.
The PiNG-30, like all members of the PiNG tester family,
provides test data on several gearmaik'ing cperatlcns
iincluding:. lntemal and extema~1spur and helical,g.ears.
wormsand worm g:ear:s. iho'bs, shavingl and shapingl
cutters, along with straigh,t and spiral bevel ,gears.
The PiNC-30 may alsolbe Iinl<:edwith your host 'com-
puter for up-to-tihe":minute manufacturing information.
Ilitinspects 'gear:s up to 112" In diameter. SMAHT PiNC
gear inspsctlon systems are available for up to
80" 0.0'. gears.

o~LI~GELI_~BERG
••,.Puts It all together.,

Tlhemost accur,at,e,
t I· ,.'easy. o..use:, ~Imesavlng

gealr inspection y tem
a,va:il'ab,le.,•.,.,anywhere .•

ForhJlther iinformation and a copy of our l1ew
Iliterature, contact: Kling:elniberg Gear T,echnol'ogy" Inc.,
15200 Foltz Industria!1 Parkway, Cleve'lanc:J,OH 44136.
Phone: (216) 572·2100. Fax: (2116),572-0985 ..
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