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Introducing

TOCCO Profile Hardening

AI last-. msre's a gear hardening process that pmvides
,extra hardness/strength at the' pitchline, and optimum
strength gradient at the root fi~lIet- without 'excessi,v~
heating and brittleness at the tooth tip. TOCCO Profile
Hardening (TPH). a new, highly automated and field proven
process developed by TOCCO, mer,ge~ a distincUve
technologies: Programmed Preheat (AF -low frequency),
High Intensity (IRF - highfreq!uency) and Iincremental
Hardening'. Alii can be oomprised ill a single, compact,
totally integrated manufacturing celL*
.Another TOCCO advantage.: Tile proprietary TPH process
usually uses I'ess than 200 -KW rated power supplies (A'F &
RF). So, you don't need an expenslvs substation, as
required by older design contour hardening systems.

TIP,Hprovides !gearmakers, with:
• Increased strength
• Reduced distortion
• Improved metalll.lrg,y
• H'igher quality
•. ILower installation costs
•. Reduced operating costs per pan

Contact your TOCCO reprasentatlvetor ,detailed informa-
tion on TPHI... the most advancee, selective or surface
,gear Ihardening/tempering system avanaote .....anywhere .
TOCCO, Inc., Sales, Service and Technology Center,
301100Stephenson Highway, Madison Hts, M148071.
Phone 1-800-468-49'32. In Mich!igan 313-399-8601.
FAX 313-399-8603

A Subsidiary of Park-Ohio Industries, Inc.
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K'iingeinberg introduces the fastest ... most accurate
complex worm and thread ,grinder available ... any-
where in the 'world1!The GNG 'controlled HNC-35 stores
data for up,to 960' complex shapes, reducing set~up
to 10-15 minutes ... a fraction of the time f,equired with
mechanically contro'lled ,grinders.
The HNG-35 isversatil's' too. It performs cn~ep-feed
grindingl from the scUd" elimlna~ingl the need for pre-
liminary milling o~'worms, threads and rotors. It's two
machines in 'one ... wiith the high de:gree' of accuracy
you',d ,expect from Klingelnberg. -

The CN'C contl_~onedIHNC-35
Worm and Thr -adl'Glr~nde!r

The HNC-35 is available wUhla rnecnanlcal dresser 'or
an option all CNC dr,esser; fair special fOllms and flanks.
Whether you produce smaU quantities or long predue-
tion runs, the FAST set-up ... FAST cycling ... HNC-
35 will improve your worm andl thread productM,ty.
'For additional information and a copy of our catalog,,,
contact: Klingelnberg ,Gear Technology Inc.
15200 FoUz IIlndustrial Parkway, Strongsville, o,H44136
Phone: (216) 572-2100 FAX: (216) 572~0985



:Part blank .nd
g•• r cutting too s

play ~l'Iticall roles In
gear ql.lallly ,control.

We offer optional soft-
ware packages for in-

specting geaJ' blanks for
circular geometry and gear
cutting tools such as hobs,

shaperlshaver cutters,
andl broaches.

Gear Testing lusing ,GeneraUve Metrology teeh-
niqlles is enhanced by computerized auto-

mationand analysis. True index, lead,
and Involute testing are periormed

'Process control can be'
implemented by anal-

yzing data collected
li'nl'gear testing. We

offer SPC software'
to evaluate x-bar, R,

histogram, and
tooth surface

topological
studies.

301'2.4 QC 'Gear A'nalyz.er Is
o lie! of a family of our gear

and gear ,cutting tool analyzers.
For a free full-color brochure

describing our Gear analyzers,
write or call M & M Precision
Systems, 300 Progress Rd"
West Carrollton, OH 45449,

5131859-8273, FAX 51318594452.

M&M PI4ECISION
SYSTEMS

AN ACME·CLEVELAND COMRANY
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The Winds of Change
"I have seen the future and it works."

Lincoln Steffens

[illaSI:iViUe- One of the highlights of this the old-style system, the people who are used are
year's SME Advanced Gear Processing and used much more effectively - and this usage
Manufacturing Clinic was a tour of the. new shows in their attitude and morale. The people we

__ OM Samrnaeromobile manufacturing plant met. were enthusiastic about their jobs. They
outside the city. There in the Tenne see hills is a seemed committed to
hopeful vision of the future of the American qualityproducts ami ex-
automobile industry. It may well be the future of cellent performance and
American large-scale manufacturing in general. determined to do the

lately in this oountry, a lot ofprediotions about job right. Most impor-
the future involve gloomy visions of societal tant, I got the distinct
malaise, economic decline, and general American impression that this at-
second-rare-ism. Places l:ike the Saturn plant sug- titude wasgenuine, not
gel that these prophets of gloom could be very just somelhing put on to
wmng.

The Saturn plant is a different kind of manufac-
turing facility - different in design, layout, and
attitude, My fir: I impression of the Saturn plant
compares favorably with that of other automotive
plants Ive seen. The Saturn plant is clean and ef-
ficient. The .aisles are wide. The shop floor is im-
maculate, No. loose tools, materials, or miscellany
are stacked around to impede progress or endanger
staff. The general impression is similar to enter-
ing an electronic clean room or a medical products
rnanutaemring line.

The second thing that struck me was the amount
of automation in place al the Satu:m plant.
Machinery does most of the work. Furthermore.
thi machinery is far more flexible than that found
at other automobile footories. Everycltange in part
design does not require <II change in machinery.

The huge staffs on other automotive plant lines
are also a thing of the past at Saturn. Work flows
automatically along theproduetion line, monitored
by half-a-dozen people, as opposed to the 301,40,
or more on an old-style line. Inventory is not
allowed to pile up, but is moved quickly to the Rex!

step in the manufacturing process by machine.
While !he Saturn plant uses far fewer peoplelhan

PlTl3IJS] lI~~I{\SP~\(;I~
-----------------

impress visitors.
[ suspect that a good

deal of this attitudinal
difference has to do
witht.he different
managerial techniques
that the Sarurn plant has
implemented. Instead of
a hierarchical system
with many layers of
management, the team
concept is used. Every-
one involvedin the production of a component -
designers, processing ami manufacturing engineers,
shop floor workers. quality control. and marketing
staffs - all are part of the team and part of the
decision-making process. Individual workers are
given much more control over tbeir areas of
responslbility, In shari, the lime workers are treated
as important members of the manufacturing team,
not just cogs in the system. This process makes
for workers who feel as though they are irnpor-
tant team members, involved in the total process
and committed to its success ..

Admittedly, it's still early days at the Saturn
plant. The factory is designed to manufacture 1.000



plants and crganizarional cham and ask ourselve
whether or not there may be better way to do OUr
j bs, even when the present way is comfortable
and easy out of long habit. As managers, we will
have to shed some long-cherished assumptions

cars a day. and. at the time of our tear, was in • be someth,ing even harder [0 come by - a change
its hake-down phase, with output of only about in anitude. We have to look honestly at ur own

crowded market remains. However. at tIli .june- • about power and !how to use it and . 'bout ur
mre, everyone involved with Saturn is very ell- employees and who they are and how they work.
t1tusiasticand ,qptimistic aboer the prObable results, Team concept lTImIufacturing. uchas is prse-
r 1II1inklhaiafter lihe shake--down,lhe system wiJJ ticedatthe Satum pIant, i not sam mysteriou
work every bitas well as it does now. The people Oriental philosophy dtal can be learned only at the
will make it work. hands of a gllrU imported. at extraordimu'yexpensc,

And how doe the Saturn experiment relate to nor is it some alien system that runs Ilgainst the
American manufacturing as a whole and to gear American cultural and emotional grain. The idea
llUUlufa mrers in particular? A number of points came origina1ly from an American industria1
are already obvious ..Fir t. the future of American designer. W. Edwards Deming. It is simply a way

of looking atgening the job done that admits that
ju t because we're managers, we may not know
everything; thal.lhe people on our hop floors or
in other departments may have some valuable in-
ignts LIlJO the way Ollr products are manufactured;

thai our employees are people '100, and ifwe h1ea1

Ihem like intelligent, responsible associates wilil!t
a vested interes t in getting the j b done the best
possible way, th_y might just respond accordingly.

Alljhis is nol easy, but it's also n t impo sible,
It does require an attitudinal change, a. change in
perspective. It's sometilingthal doesn't requirea
capital investmeat, and it doesn't have to be ex-
pensive to implement - at leastaot as expensive
as reros.ing to change and I.etl:ingyour COmpetilo
in !his country and elsewhere take away your

100. No one know for sure how weUthis system
will work Imder the pre sures of full production.
Furthermore, efficient manufacture of a product
is only the beginning of making Saturn a success.
The complex problem of selling the cars in a

--- - -- - - --

PlJI3IJSll1~~I{~SP.i\(il~
Riding out the uimds of

change is the manufacturing
challenge of the 1990s.

manufacturing is moving in the direction of more
and more automation, fewer 'employees, less in-
ventory build-up. Companiesthat wi :It to remain
competitive need to be looking in that direction
when making capitall improvements. Secondly. one
of the most important new manufacturing tools in
dIe Saturn plant is communication. The roo t pro-
gressive ,and exciling work in me coming years will
be done by companies using some variation of the
Saturn team .approach.

Di missing the whole Saturn concept .is easy.
Any of USCQuld build a state-of-the-art manufac-
turing plant if we had the resources of a General
Motors. Those of us in businesses where capital
improvement must be done slowly and carefully
in small increments may find a Saturn-like man-
ufacturing facility ollly within die realm of science
fiction. At the same time, dIe Saturn plant is the
direction in which we hould be looking when we
do ourcapital investing. We can't tear down our
factories and stan over, but every ohange we make
hould be integrating the newest manufacturing

processe iDlO our systems.
The otherllalf of the Samrn approach - the

management. team concepl. - doesn't lake a big
capital. outlay to implement. What it does take may

busines and your jobs.
The winds of change are blowing harder and

harder through die American econ my. Riding
them is THE manufacturing challenge of the
1990s .. In spite of all the doom and gloom in the
forecasts. and in spite of all the legitimate causes
for concern about our economic future, 'the game
i far from lost There are steps we can take and
things we can do to keep our fboling, bathos in-
dividual businesses and as a country. TIl Sarum
plant is 111 lliningexarnple of creative inoovation.
Careful study of it would be a wortllwlti1e e er-
cise for anyone interested in the future or American

ifZ~
Michael. Gold rein,
Publisher/Editor-ln-Cllief



AGIA Responds to
Gear Standards Article

The authors of last issue's article
comparing AGMA. ISO. and DS
methods for Pitting Resistance Ratings
arecommended. Trying to compare
various methods of rating gears is like
ttittinga moving target in a.thick forest.
The use of different symbols. presea-
tations, terminology. and definitions in
these standards makes it very difficult.
But the greatest problem lies with. the
authors' use of older versions of these
documents. ISO drafts attd AGMA
standards have evolved at the same time
their work was accomplished and
edited.

This overview is written to. convey
the current status of these standards, I
will clarify where AGMA standards and
ISO drafts differ from what was
presented in the article by Dr. Walton
and his colleagues.

In November. 1988, Gear
Technology allowed AGMA to review
the authors' draft of this article. I thank
the publishers for that opportunity and
the authors tor incorporating a. few of
my suggestions, However. ensuing
events have changed the complexion of
ISO drafts.

Two parts of the ISO draft for spur
and helical rating (lSOIOlS 6336,
developed in the 1970s) were balloted
in the early ~980s and disapproved -
not. "approved" as stated. Before 1985
me drafts were reworked into five parts
for re-balloting. These drafts were ap-
parently used by the authors. To. resolve
conflicts. the ISO working group
responsible for the standards develop-
ment made a number of changes to
ISO/DIS 6336, most significantly in

September, 1989, when:
• The applicauoa of the standard was
limited in helix angle, pressure angle,
and addendum modification (a/ik/a pro-
me shift or rack shift) range. This was
because calculated ratings were incon-
sistent with experience at some values.
• The life factor curves were modified
because some materials do. not have
known endurance limits,

Due to lack of consensus, the scuff-
ing proposal (ISO/DIS 6336-4) was
changed froma standard in October.
1990, to. be rewritten as a Draft
Technical Report (DTR), The current
status of each of the parts of ISO/DIS
6336 is:
Part 1 (oommon factors, load distribu-

tion, dynamicload, etc.) w.ill be
balloted this spring (1991).

Part 2 (pitting) was ballotedat the 'end
of 1989.

Part 3 (bending) is being balloted as of
this writing. Nov. 1990 ..

Pad 4 (scuffing) has been made a
DTR.

Part 5 (allowable material stresses)
was balloted in the summer of
1990.

The four sets of ballot comments will
be formally resolved by ISO's consen-
sus process in Juneor September of
199], After ballot resolution, the ms
could. become an. international standard
in 1992 if there are no appeals.

III the meantime, ANSI! AGMA
200I-B88 (]988) was approved to re-
place A:GMA 218.0.1 (1982). ANSI
(American National Standards Institute)
and AGMA documents must be revised
or reaffimled every five years, New ver-

sions of ANSI/AGMA standards tend to

be implemented fairly rapidly in the
USA, primarily because they are wide-
ly circulated during the consensus ap-
proval process. ANSYAGMA 2001-H88
is significantly different in the applica-
tion of measurable material quality to
allowable stress levels; the introduction
of a rim thickness factor; and a clear dif-
ference between "application factor" and
the old "service factor ," Tile next revi-
sion, AGMA 2001-CXX.,. is being re-
worked in committee to incorporate the

Lett. _1D118
column should be addressed
to LeUItI'£ to the EdiIOT,
GEAR TECHNOLOG Y,
P.O. Box 1426, Elk Grove
ViUage, lL 60009. Names
will ot withheld upon
request, howtrol'T. iw
anonymous leuers will be
publuhed.



PRESERVADO'N
PLAN ON lIT

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

Write:

MIDWEST GIEAR
now offers large pitch

GEAR GR,INID'IINIG'!

'. Up to 1 DP 72" P.O, 118" Face
'. Spur, Helical, or Crowned
• Up to' AGMA Quality Class 14
• Experienced Cr.aftsmen

• Inspection by Hofler Gear 'Checl~er
with Computer Printouts available

• low tool'ing costs
• On-time delivery

~

~

~'M!IDVVE:ST G,EAIR.- - -

We ,can Salvage Gears Distorted by Heat Treatmenf

2182 Aurora Road (Rt 82)' Twinsburgl, OH 44087
!Phone: 216-425--4419- FAX: ,216-425-8600
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latest thinking and!experience.
In addition to the differences men-

tioned above, there are some specific
items in the Waltonartide which. should
be mentiened:
• The various ~SO methods for deter-

, mining "influence factors" are not
"depending on the application and ac-
curacy required." Very little guidance
on which method to apply is given', It'
simply left to choice. Uninformed users
are not made aware of how much ac-
curacy is required. There is little cor-
relation between 'tile complexity of each
calculation method and accuracy pro-
duced, Experience is lacking to' be sure
the more complex mathematical
methods are capable of predicting gear
failures more consistently than the

older, more empirical, methods.
• The word "similar" implies similar
calculation results between BS 436 and
ISO/DIS 63.36, But in some cases only
the presentation of symbols is "similar,,"
while calculated results can be quite dif·
ferent, The values forZN are a good
example.
• The authors' statement that "Like the
other standards, the new British stan-
dard uses modified Lewis and Hertz
equations ... " glosses over significant
differences. Both the ISO Draft. inter-
national Standard (DIS) and BS 436
(1986) use a 30° inscribed triangle and
tooth tip loading to determine theap-
plied point and maximum amount of
bending stress. This approach is very
different from Lewis' inscribed
parabola, particularly for gears with
Large addendum modification, In. the
Hertz eqaations, the methods for spur
gears are identical, except for the inclu-
sion of an extraneous factor in the .ISO,
DIS, and BS 436. This factor increases
the ealculated capacity of spur gears by
Zf2, or about 25 %, compared to
ANSI! AGMA ratings .
• To calcuate the ANSIIAGMA
geometry factors, one must know the



William A. Bradley,
Manager, Technical Division
AGMA

generating tool configuration, The
authors do not express this.

• Tile statement" ... although AGMA
and ISO both introduce a service fac-
tor ..... is incorrect. A:GMA 2~8 and ISO
have both introduced an "application
factor," which is different in concept
from the old AGMA"service factor."
The service factor included service life
requirements, which the application
factor excludes,
.' AGMA does not have ..... the defini-
tion of endurance limits." That concept,
as implied by ISO, was deleted with the
introduction of the life factor curves ill .-------------- ........C"""""--------------,
AGMA 2]8. AGMA standards do not
recognize an endurance limit for gears.
• Not only .88, but also ANSL' AGMA
standards "aUow(s) for the higher per-
missable stresses to be obtained from
using higher quality materials." This
was expressed in Sec. 2.5.3 ofAGMA
218. and ANSI! A:GMA 2001-888
gives specific quality requirements for
each allowable material stress.
• Standards developers should know
the distribution of test or experience
points used to' develop life factor
curves. This distribution, statistically

analyzed, is ~se:t.to detennineth~ life I

curve and reliability (chance.of failure) ,
of a given design .. This is a concept

I

which neither BS nor ISO seem to ex- I
press. A_NSIIAGMA life factors are ;
based on a 99% rate of reliability.

The authors have made a significant I

~ontribu~ion to the gener~ Ilnders~d- I

mg of different gear raneg practices, ,
which are constantly being updated with I

new developments and experience, I

If one wishes to stay up-to-date, in-
volvement in national standard commit-
tees is necessary . Participation as a
member of a.nationaltechnical advisory
group for ISO. is tb.e way to keep up
with. ilnternat:ionalstandards, Ifyou wish
to participate in any way, please con-
tact me at A:GMA headquarters.

* BRIDLES* B'CKlES* CLOTHING* BITS* BOOK·

* BElT',* BOLOS* CHAP* SPURS* SADDlES

HIGH NO'ON '
West~rn C.~lrectil,les I

(213)202-9010 by appoinnnent only
(213)202-1340 ifax)
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a
-pfacturiing
II.
about a communications

Do you have the perfect
. pitCh:? One that makes the
use' of sales promotion,

sing and public relations?

twenty years, Ad-Pro has
lIy transformed the

ical ideas of some of

companies
advertising,

remotion and public
campaigns.
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Is this a g;ood gear
ora piece of scrap?

....,. '2

t~ !OJ

es OCt,. • ~7

P'I!OQI!III'I p~

I'll: ~""T-t.I

'"n _
ID _.
QR 12ft
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Subjectivej udg,ementsabout gear
tests can cost yOUI8bundle in scrap,
assembly problems or warranty
charges.

Thisisthewayyou should be testing'
gears - by the numbers with com-
plete documentation. And now you
can - simply and easily. Just retrofit
your existing double-flank roU,ingg;ear
tester w,ith a Homme'l Z·2000 ccrnputerr
record'er. Or upgrade to an entire new
Homme'l gear testing syst'em.
CIRCllE A·16 on READER REPLY CARD

iEither way you get the quantltatlvs
analysis,andclocumentet!ion you need

to do,the job rig.ht
Write to Hommel America

(formerly Vel met, Inc.), 30 Peter Court,
New Britain, CT 06051.

Or call (203) 827 -S500.
FAX: 223·2979.

Now there's a way
to know for surel

World class measurement technolog,y
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The Marketing enagerie:
What's Brght For ~ _u7

Oil get calls and letters
every day from people
wanting you to use
their ad agency, their

direct mail program, their
p.r. or marketing finn to pro-
mote your business ..It seems
everyone wants you to spend
your money to communicate
to your prospects. and
customers. But what's the best
method for you?

How do you sort through
the clutter, the hype, and the
"better get.on the bandwagon"
pitches to reap some real
business?

Or maybe you've tried
"marketing" before with only
limited success. Maybe an
agency, a magazine, a print-
er, or someone else promised
big results, but didn.'t. deliver.
On the other hand, maybe

differenoe between a. sue-
cessful plan and a real dud.

Here, then, isa brief over-
view of the scope of market-
ing and some of the strate-
gies, creative techniques,
media, and timing concerns
every business person should
consider in order to launch
a successful marketing
campaign ..

The frrst step in any sue-
cessful marketing program is
planning, Like any other part
of your business plan,
marketing needs time and ef-
fort devoted to it. Marketing.,
as traditionally defined,
oversees and directs pricing,
distribution channels, new
market research.and product
eharacteristics, as well as
communications to. the mar-
ketplace, Yet, "marketing" is

your experience has been [ike rarely given more than a cou-
Fred Young's, president of pie of pages in an ordinary
Forest City Gear. Forest City business plan. When market-
Gear has a reputation for ag-
gressive marketing, and
Young credits it with "filling
in the gaps." his sales force
can't cover ,and "keeping
Forest City's name in front of
customers and prospects."

Everyonetalks about mar-
keting, advertising, and
public relations, but few fully
understand the choices, the
variables,and the possibilities
involved, or whatmakes the

ing is discussed, the focus is
generally limited lothe com-
munications aspect or con-
fined to research. Marketing
personnel in your company
(or an outside .agency) maybe
told they are to penetrate a
new mar~et, increase sales,
or launch a new product; yet,
they are often denied the
ability to influence the factors
that will let them present a
powerful communication.

~L\:\~\( ;E~IE~T ~L\TTEHS
------------------------

Careful planning is what
builds a solid foundation for
the marketing program,

The scope of marketing is
the first item you must ad-
dress in your marketing plan.
Ask you..rselfthese questions:

1) Do you force customers
to buy what you have to sell?
Or do youaillow marketing
the chance to ten you what
customers want to buy?

2) Do you focus your sales
efforts on a specialized in-
dustry or do you accept
nearly any job?

3) Do you mirror the ad-
vertising and marketing ap-
proach of your number-one
,competitor, or do you explore
new media and new sales
approaches?

Your answer to Question
'One indicates whether mar-
keting can be a driving force
in your organization, or if it
is a servant to your produc-
tion limitations.

With. the second question,
you come to grips with your
future. What if the auto-
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motive industry nosedives?
What if your market niche
beoomes crowded? While you
may accept nearly any job,
each customer must feel that
you specialize in his field.
How you.accomplish taat is a
major challenge. If you have

Don't be ashamed '10
nlmJplIIe sales
ap- _- 1Gb ot vourl best

c - em' . Illbal'comp __or. __ _
company IbaslIIe
DMes1 mrket share,
Ihey 1IIIIS1'be lding
.rIIirPd ~Uht,
narrowed your target in-
dustries, the challenge is to
keep up with those industries'
perceptions of their needs.

And Question Three?
Dent feel ashamed if you

said "yes" to mirroring the
advertising and sales ap-
proach of your number-one
competitor. If the competitor
has the greatest market share,
he or she must be doing
something right. As long as
your message is different, you
may not be faulted for copy-
ing the media, the frequency,
or the promotional ideas of
your competitor.

The challenge may be to.
out-maneuver the budget of
the competitor. Big budgets
are no match for results. The
right message delivered at the
right time can yield much
more than an oft-repeated
mediocre message.

The second marketing item
you must address is strategy.
The crucial matter is to dis-
cover what about your pro-
duct or service is different

14 Q,U,.!\ TIEC·"N'O!.O'GY

from any other. What is your
Unique SeLling Proposition
(USP)? Forest City Gear" for
example, boasts it has "the
newest gear-cutting equip-
ment of any manufacturer in
the world."

Once you know your USP.
you will know how to posi-
tion your product/service in
the marketplace. Caution:
Define your buyers careful!ly
and know their level of
understanding. Don't talk
down to them, but don't make
the opposite fatal. error of
assuming they know more
than they do.

The next question to ask is
what persuasive techniques
to use? Everyone may be
shouting better price or better
quality. How do you prove
that's what you actually offer?

Here is a sampling of some
ways to communicate your
strategy:

1) Customer testimonials.
2) A case history story ex-

plaining your problem solv-
ing capabilities.

3) An. educational. article
explaining your innovative
manufacturing procedures,

4) An announcment of
something NEW (for exam-
ple, business expansion, more
efficient manufacturing pro-
eedure, etc.) ..

5) Questions and answers
th~t will explain your product
.or service ..

6) Before and After photo-
graphs to demonstrate your
work.

7) Startling facts or anal 0-

gies to set you apart from
yOW' competitors.

Too often, companies
prepare sales messages and
materials based on what they

think the market needs. A
wiser approach may be to
survey your reps or dis-
tributor selling channels.

Reps or d.istributorsmay be
the key to customers for your
company. They may have a
better understanding of what
the end user needs. They
!mow what they can sell.
Perhaps a well-planned and
well-executed distributor pro-
motion could deliver better
results than ideas aimed at
end users ..

In. any case, your buyers
must also be able to under-
stand how your product is d:if-
ferent and how those dif-
ferences can benefit them.

TIlls brings us to the third
marketing item you must ad-
dress: your creative presenta-
tion. How will you com-
municate your strategy?

Ir,s crUGiJlI 10 disCOVIBI'
your!! 8_1
PropoSitiIl. B'ow is your
pftlluct or service
d-ifferenllrom eVePyone
81'ses?

For example, if you believe
a graph or photo is the best
way to prove your product!
service benefits, you must ask
how dramatic the photo needs
to look. Should your visuals
emphasize depth and dimen-
sion? Do you needlto show or
explain a size relationship? Is
it more important for the
customer to see differences in
terms of a long-term applica-
tion rather than short-term
results? Should your prospect
be able to request an engi-
neering study substantiating
your claims?

How can benefits be dram-
atized? Words are as im-
portam as pictures here.
"VLrtually no deterioration
after running 5,()()() hours" is
much stronger than saying
"Dependable."

Is your message distinctive
and memorable, or does it
fade fast because it looks like
everyone else's in the market?
Should you use the colors and
typefaces everyone else uses?

The fourth item to consider
is which media to use. What
is your objective for the
media? Will you use media to
enhance and build upon your
other communication chan-
nels, or do you need media to.
multiply your sales efforts
rapidly? Will you put all your
marketing eggs in one media
basket. or use multiple media
to complement your efforts
and deliver greater overall
results?

Consider the following ad-
vantages and disadvantages of
each medium (listed in no.
particular sequence),

DIRECT MAIL. Advan-
tages: Y:ou can mrgeta
message precisely to the per-
son or the characteristics of
the person to. whom you wish
to speak. You can select YOllJ'

audience by title, SIC code,
gross sales of business,
number of employees, geo-
graphic area or purchasing
characteristics. Asking for
some response makes this a
highly measurable device.
Disadvantages: Clutter of
mail, chance of being thrown
away by protective secretar-
ies. If the list you're using is
not current or accurate, you
may be wasting time,. effort,
and money.



PUBUCATION ADVER- often prevents companies
TlSING. Advantages: You from capitalizing on innova-
can reach a wide audience in
a specific market .e For exam-
ple, if you want to seU your
lubrication products to
engineers of aU kinds, you
nti,gllt choose a horizontal :
magazine, such as AmeriCtm

Machinist, which reaches in-
dividuals in alii types of in-

tions wIDch could arouse
customer interest and enhance
company image.)

TRADE IDLHmrrS. Ad~
vantages: Permits demon-
stration to a wide: audience.
USllally permits a dialogue
with your audience. Group
excitement and the "keep up

dUSlrialbusinesses. However. with the Joneses" pressure
not an its readers may be often encourages sales. En-

buyers of lubrication prod- eourages quick comparisons
ucts. On the other hand, if with competitors . Disadvan-
you wanted to reach onJytages.: Pre ures you to res-
buyers of lubricants, you pond when competitors may
~glu choose a more verticle offer discount show prices.
publication like Lubrication Cannot hid· malfunctions or

Engineering. which reaches
individuals whose sole inter-
est is the lubrication business.
Bingo cards or other calls to
action in your ad may gener-

equipment failures. Atten-
dance often slIbject to weather
and location attractions.

BROCHURES. Advan-
tages: Ability to fum:i hi com-

ate measurable resulrs. preheasive data about your
Disad~WJ1lJges.:Wasted cireu- product and service. Disac/-
latien to readers who lack in-
Ouence or buying authority.

vantages;' Iaexperienced
buyers may be dazzled by an

questions don't have "right"
answers; they only have an-
swers that are right for your
particwar circumstances.

Despitealll the research, all
the gut fooUngsand all the ra-
tionales, some efforts deliver
significant bottom results and
otaers seem to fizzle. Why?

When an advertisement,
direct mail letter, videotape,
or other communication tool
doesn't deliver th expected
results, people are quick: 'to
condemn the media and the
effort in total, when really a
different creative approach or
better timing could deliver
better results. fulJle ease 'of
direct mail, the validltyand
aeeuraey of the list must be
scrutinized. Testing all the
elements of your communi-
cations should be an ongoing
program.

Just. as a good business
needs a .gCKHJ 'business pLan,
good marketing requires a
comprehensive communica-
tions plan. W~th sllcha plan.
you are less apt to go in var-
ious directions with no con-
sistency or measurability. A
plan can make y.oUan active,
1I0t a reactive marketer.

A plan is especially 'Ilelpful
when the printers, advertising
agencies, magazine·, and
others call you. Your budget,
your media, and your fre-
quency of communication
will already be decided. Y:ou
will have defined your targ-t
market and decided how best
to explain your benefits.
Then, you'U be ready to res-
pond irneHigently ,to that
mullitudeof phone calls about
your marketing. •
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be diminished if the level of distributor promotion. ora
sophistication of y.ourau- direct mail campaign?' These
dienee is not reached. IIIother
words, a brochure that Looks
cheap may commwricatethat
y.our product i "cheap" as
well. 011. the other hand. an
exotic, splashy brochure
design may undercut a plan to
promote old world crafts-
manship instead of new
technology, If your sales
force can't explain. why your
communication materials
look the way they do, your
customer may also be puzzled
about what you stand for and
how you work.

The fifth marketing item.to
consider is timing.. When
should your message be re-
ceived? How .often?Will your
customers be ready to act
once they receive your
message?

Forex:ample, a role of
thumb for ads placed in trade
magazines is a minimum
three-time consecutive "buy"
to measure results. But which

Inability to controlwben. the exciting presentation. rather three times? Will an adver-
message may be seen/read. than thoroughness. 'Generally
Poor po ition in a magazine little interaction with cus-
could mean your message is tomer, Inability to customize
"buried." message.

TRA.DESPEAKING EN- VWEOTAPE. Advan-
GAGEMENTS. Advantages.:
Positions you as an expert in
YOUl field ..Delivers a captive
audience for a specified
amount of time. Permits a
dialogue with your audience
to answer !heir questions,
probe their thinking, and SUJr

port. your message . .Disad-
vantages.: Require presenta-
tion. skills. May invite hostile
questions. May reveal propri-
etary Information. I(ln-
terestingly, Fred Young
believes the proprietary issue

.tages:lells your storyl:he
way you want if. told every
time .. Demonstrates what is
difficult to transport or see. A
dramatie, portable selling tool
that may be viewed out of the
office ina relaxed, uninter-
rupted setting. Disadvan-
tages: Often limited to one-

bsement running October.
November. and December
reach readers while they are
planning budgets for the
following year? Is thlsbetter
than January, February, and

on-one or small group presen- March. when budgets may
tation, Requires VCReqllip-a1ready be approved? Or
ment, Can lead to one-way would it be better to feature
commullica.tion.ads in July, August, and Sep-

Of course. in all cases, tember to support .appear-
your product. or service may : anees at trade shows. a
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Influence of CBN
Grinding on Quality
and Endurance of

Drive Train
Components

Abstr-a.ct:
The merits of CBN physical characteristics

over conventional aluminum oxide abrasives in
grinding performance are reviewed. Improved
surface integrity and consistency in drive train
products can be achieved by the high removal rate

In th.e above method, sincelapping or honing
is not significantly corrective in nature, tooth
distortion from beat treatment manifests itself in
large runoutand transmission errors. Also, the
cutter marks in the tooth face and fillet regions,
which act as stress raisers and reduce the surface

of the CBN grinding process. The influence of fatigue and bending fatigue strength in the gear,
CBN wheel surface conditioning procedure on,
grinding performance is also discussed.

Introduction
There is a growing demand in the automotive

industry to produce passenger cars and trucks
with pleasing noise quality and increased load car-
rying capacity. Consequently, the focus of
manufacturing today is on the manufacture of
consistently blgh..quality drive train products at
low cost. This, in. tum. has eacouraged engineers
to re-evaluate the current design and production
methods in relation to' new process concepts, new
machine tools. and cutting tool materials ..

The present method of gear manufacturing
typicaUyconsists of the following steps:

Soft cutting/Rough forging
I

Finish cutting/Shaving/Rolling
I

Heat Treatment

Honing/Lapping
I

Shot Peening (optional)

are left behind.
The new approach consists of:

Rough cutting/Near Net Forging
I

Heat. Treatment
t

CBN Finish Grinding
j

Lapping/Honing

The final goal of this new approach, however,
is to eliminate lapping and make it a. three-step
process ..The fini h grinding operation following
heat treatment ensures correct tooth geometry and
minimizes the tooth-to-tooth pitch variation and
runout errors. A short cycle time lapping process.
is sometimes necessary to improve tile noise
quality of thegear set,

Based. on the above approach, several types of
CBN hard gear finishing machines have been in-
trodueed for spur, helica],and spiral bevel gear
products. Several articles(l.() have been publish-
ed describing the CON gear grinding technology
and its advantages. In this article, th merits of
CON grinding are reviewed with some examples,
The influence of wheel. specification. and wheel



Table I
SELEJCTED PHYSICAL .PROPERTIES OF eBN AND .ALUMINA ABRASIVES

BORAZON~CBN
BN

4500
3.45
1300

506 ..2
74 ..4

Aluminum Oxide
AJ203
2HXJI
3.97

3S
774.9
U4

PropertylUnits Ratio
Formula
Knoop Hardness, (kg/mm.2)
Density, 1(gmJcm3)

Thermal Condo @ (298"K),(Wlm"K)
Specific Heat@ (298"K),/Ikg"K)
Therm.niff ..@ (298°K),(m2/5) X lOS

2:1
I:]

37:1
2.3

6$:1

~DEMARK OF GENERAL ELECfRIC CO.

surface conditioning procedures 0[1 part profile
and geometry are also presented. :1

BackgroundonCBN
CBN isa man.ufactured abrasive surpassed in

hardness onliyby diamond. As an abrasive, it. is ex-
tRLmely wear resistant and able to retain its sharpness
fora long time ..The physicaj properties of the tool
are among me several factors that have a strong in-
fluence on increasing the material removal rate, tool
life, and surface integrity of tile work material, Thble
I gives selected physical properties of CBNand
aluminum oxide (Alox) abrasives, The thermal dif-
fusivity of eBN is almost two orders of magnitude
greater than dlat of Ajax. Thermal diffusivity is the
ratio of beat conducted versus the beat absorbed in
a l:Jody. A high value means that much beat is
transmitted through Ihe abrasive relative to the !

heating of the abrasive itself.
The thermal stability and chemical properties of

CBNalso influence the abrasive performance. CBN
reacts with air or oxygen to form boron oxide accor-
ding to:

I
,=".~

22.2 I 22.2 I :22.2

___ 22.2

Ad'iQI,II'C:=:. I 64li

6489 , 6489'

(a)

'r-
12U El

I 112U '2,4,4 1m I Il ZU KA I zu
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642.1 eU7 '&42.8 J
647.81 646,1 I '&478 I

CtN

646.1 &400 1148.1

648.3 l114n ~.31 I

2BN + 3/20:! ;:!: ~03 + N2
The boron oxide forms a solid protective layer

around the CBNcrystal,. preventing further oxida-
tion at < I300"C. eBN also reacts with water and
water soluble oils according to:

fig. 1- Finite element model ot'temperature distribution
in workpiece and abrasive. a) Initial condition at
time ,[.. 0 sec. b) Comparison of temperature
distribution after 80 microseconds of contact with
CBN and aluminumoxide.(7)
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ditions, and Fig. lib shows the temperature distribu-
The bone acid readily dissolves in water, which tion after 80 microseconds. The analysis shows that

promotes further degradation of CBN. Straight oil workpiece surface temperatures would be higher
coolant is therefore recommended to get the best per-
fonnance with CBN.

Jobnson(7) illustrated the importance of CBN

when ground with MOl{ than with CBN.
Ramanath and Shaw(8)have detenninedthe frac-

tion of grinding energy (R) going into the workpiece
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thermodynamic properties by use of a simple finite to be

element analysis. Ina typical grinding process. any
single abrasive grain is incontact with the work for
only 80 microseconds. The analysis examines the
temperature distribution in both an abrasive grain
and steel workpiece,. 80 microseconds atter a gr:ain

1R""-------
1 + [..ike. Cabr. ] 0.5

keCwork
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Where k is thermal conductivity., e is density and
c is specific heat. For alurnmum oxide, thecalcula-
tionshowsR = 0.76, and forCBNR = 0.37. ..This
analysis also suggests that. the CBN grinding pro-
cess will have minimal thermal disturbance and
more mechanical action in chip formation, A more
rigorous analysis on the thermal aspects of CBN
grinding can be found in the work done by Lavine,
Malkin, and Jen, (9)

CBN Wheel Specification
CBN can be classified into monocrystalline and

microcrystalline types of abrasive, The
microcryst:a1l!ine type is rougher and less friable
than the monocrystalline and requires a larger force
to fracture the crystal. Monocrystalline CBN has
good. fracture characteristics for free cutting action
in the wheel and is mainly used in gear grinding.

CBN wheels are made either by electroplating or
in an impregnated bond system. The electroplated
wheels are produced by attaching a single layer of
abrasive particles to' the steel core of the tool by
electrodeposition of nickel. As the nickel is
deposited onto the core, it entraps the abrasive par-
ticles in a strong mechanical grip, Impregnated
bond systems are those where the abrasive particles
are molded in a matrix of either phenolic resin or
metal powder or glass frits.

Electroplated wheels are predominantly used in
gear grinding applications as they can hold the pro-
file geometry in extended use and are easy to

TABLE n- Summary of Test Conditions
A. Grinding Condition
Work Material
Grind Mode
Wheel Speed, V s

Work Speed, Vow
Specific removal rate, Z'
Radial stock, d
Dwell time, ttt
Volume ground, Vw
Coolant
Wheel Specification

AlSI 52100, ~ 57..fIJ
Plunge Cylindrical Grind, Up Cut
12000fpm
150 fpm
0.4 in3/in-nrin.
0.05 in.
2 revs. of work
~Sin3/in.
Cimperial HD90, 5% Water Soluble
CBN-I, 170/200,200 Coac., R, Vito
Bond

B. Wheel ConditiOning
Diamond! Wheel
Truing Mode
Diamond Wheel Speed Vr
Speed ratio, q
Radial Infeed/pass, a.:.
Lead, Va

'Overlap Factor, IltJ

I

MBS-750, 40/50, 50 COIlC. Meta:! Bond
Rotary Cup Wheel, Uaidireetion
200 !pm
0.2,0.6,1.0
o.OOO[ in.
0,006 in/rev,
10

- CBN WHEEL

YL __
Jl,_·-,_,

. DIAMOND WHEE.L

Fi.g.2-Schematicof truing by the generation method.
Tile various truing pa.ratnelers are 1)Direction of
rotation; 2) Speed ratio, q = vrlV. fpm/rpm; 3)
Depth of cut, ad inch; 4) Lead. v. mclurevoluuon
of CBN wheel; 5) Overlap factor, ud = actual
roller width/Iead; 6) Diamond wheel spectflcauon.

fabricate. Electroplated wheels are normally
specified by CBN type and the mesh size.
However, to achieve the required profile accuracy
and surface finish, the particles have to be screen-
ed for a narrow size range and shape. (10)

Vitrified bonded (glass friO CBN wheels can also
be used,as they are easy to shape using a CNC tru-

ingdevice and can bold the profile geometry ingrin-
ding. These wheels are specified by the CBN type,
mesh size. concentration ofCBN, volume porosity,
and bond hardness. Vitrified CBN wheels have been
qualified for use in. form gear grinding of spur and
helical gears. (II) However, it is sl:illin the develop-
ment stage of Reishaaertype wheels and!Gleason
type cup shaped wheels.

Conditi.oninga eBN Wheel
Conditioning is the process of preparing a CBN

wheel mounted Oil the spindle tolhe desired concen-
tricity., profile geometry, and cutting characteristics.
Typically, this entails a truing and dressing opera-
tion. Truing provides me shape and!IDiniInims the
out-of-roundness in the wheel, while dressing
relieves the bond around tbe abrasive for a free cut-
ting action. In resin and metal bonded wheels, tru-

ing and dressing are done as two separate operations.
In the case of vitrified bonded wheels with volume
porosity over 20%, conditioning isa one-step pro-
cess similar to that for conventional Alox wheels.

II:n production grinding, the vitrified CBN wheel
is conditiolled bya powered rotary diamond wheel,
either by plunge form truing or profile generation



Fig. Sa, b. c- Variation of grinding power, surface finish, and radial wear versus
volume ground forCBN wheel conditioned atdifferent peed ratio.See
Table U for test conditions.

process, The latter method is widely used asl:be tru-

ing forces are low and good profile accuracy is ob-
tained. Fig. 2 is a schematic of the various
parameters involved in truing by the generation
method .. To ill:usttate the importance of these
parameters. plunge cylindrtca] grinding tests were
done on a heat treated AISI 52100 bearing steel.
Table II gives the grinding oonditions and condition-
ing parameters. The truing is usually conducted in
die unidirection mode, as the rndLalforces are domi-
nant to fracture the CBN crystal's and obtainsharp
cutting edges. Fig. 3a, 3b, and 3c show the grinding
power,. wheel wear, and surface finish versus
volume ground. The speed mtio of 0.6 yields the best:
overall result in terms of power, wear, and finish.
A speed ratio of W.0 is not desirable, as the radial tru-

ing forces areal a maximum and result in.a reduc-
ed diamond truing wheel life. At low speed ratio of
0.2, the normali truing force is so small that the CBN
C1Jtting edge remains dull, and there is not sufficient
'booo relief around the crystal. Consequenliy, at start

of the grind, the power is higl\enough to causether-
rna] damage inl:be workpiece and limits the material
removal rate. As a result, die wheel. is used gently
at the start, until it is free c1il1tingfor hlgher removal
rates. When the speed ratio is increased toO,6 and
above, the radial truing forces we adquate to frac-
ture or impart cracks at the working tip of the CBN
and relieve the bond around it, This results in grin-
ding with<rut bum from the start at the desired
material removal rate. The surface finiSh and wheel
lite also tend to be the best at this condition,

The influence of metal bonded diamond truing
wheel specification and lead conditions on grinding
power and surface finish are illustrated in Figs. 4a
and4b. The grinding power increases with smaller
diamond size and higher concentration, while the
surface finish is improved. The lead conditions can
be varied to dlangethe transient Shape 'of the grind-
ing power and surface finish at the start of grind. An
optimwn truing condition can.be found where fue
grinding power and surface fimsh have less transient !

effects and are reLatively stable from. the start.
Electroplated CBN wheels are somedmescondi-

tioned to get an.acceptable surface finish and profile
geometry. However, in doing this the wheel life is
compromised by the extenl of conditioning done.
For electroplated wheels, conditioning is done either
with a diamond wheel ora silicon carbide abrasive
wheel.. The direction of rotation of the diamond
wheel is counter direction (upcut) to d1e CBN wheel,
and a low speed ratio ofO.2..Q.4·is used. The overhp
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Fig. 41- Influence of diamond wh elspecificaticn and truing I ad on the variation of (a)' grinding power. (bl urface finish versus volume ground.
Te$(,condiLions:Cl!lN·I, 1201140 mesh size. 175 conc.vh, bond. work: n2steel·~, Z' & .16 ins/ill.min., V, - 12800 fpm, truingq .. 0.15
unidirectlon, coolant- 3% Adcool '3.
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ri«. 5 - Residual stress in SAE 4620sLeel before and after grinding with a resin bonded CBN wheel (51 samples).m

Fi(. 6- Residual mess in SAE 8620
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Fig. '1- a)Variation of surface residual stress versus volume ground. b) Variation in residual stress versus workpiece
depth. Test condition: CBN·I. 80/100 mesh size, 200 conc., L, vit, bond, work: 8620 steel, Rc60. V, ,=6000 fpm
Z' .. 0.45 ill~/in.min,. coolant' 5% HD90 Cimperial,

factor is kept high (5Q.60) to achieve a good surface grinding with a resin bonded CBN wheel, The com-
finish., pressive stress in the ground part i.sgreater than in

the heat treated condition. Also, the magnitud.e rutile
Surface Integrity direction perpendicular to grind is greater than along

Surface integrity of the workpiece generally refers the direction of chip removal because higher
to surface roughness, the state of stress, hardness temperatures are developed in the chip forming
variation, and the metallurgical. state following a direction relative to the lateral direction, and. the
grinding or machining operation. In grinding the resulting thermal stresses tend to decrease the stress
gear oomponents after heat treatment, it is essential developed by mechanical deformation. In the latera]
to preserve the surface integrity of me gear at high direction, there is no chip removal, but there iscon-
material removal rates over die life of the wheel. siderable mechanical working of the plowed material
Reference 12summarizes the results of several CBN on the workpiece.
grinding studies conducted 01'1 residual stress. The Plunge cyLindrica1grinding tests were also done
important observations are reviewed here. with a vitrifiedbonded CBN wheel on 8620 case-

Figs. 5 and 6 show the residual stress in SAE 4620 hardened steel. Fig. 7a is a plot of surface residual
and 8620 steels before and after plunge cylindrical stress versus volume ground, and Fig. 7b is a plot of
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variation in residua] stress with workpiece deplh.
The magnitude of compressive stress is greater than
me heat treated condition and] increases with the
volume ground. MicroluuUness measuremems
across the cross section Showed 00 reduction inhard-
ness. The above results demonstrate that,. regardless
of the bond system. used, residual compressive stress
can begenerated under p~r grinding conditions.
These results also oorrelate well with the physical
properties ofCBN abrasive described earlier,

ltecendy Yokogow.a(l!31compared the fatigue
strength (rotary bending test) of Alox and CBN
ground samples at different material removal rates,
This is illustrated in Fig. 8 ..The S-N Chart shows
that parts ground with the CBN wHeel have a stress
runplitud'e of 100ksi for failure at all removal rates.
By contrast, the parts ground with. the Alox wheel
have a lower stress amplitude for failure at all
removal rates ..This result clearly demonstrates IIlat
with CBN grinding,lri.gher load carrying capacily
can be achieved at shorter cycle times relative to
Alox abrasives.

Although the kinematics of gear grindiag are more
complex than O.D.and surface grinding methods.
a similar trend in the improvement. of results can be
observed when grinding with CBN abrasives ..
Residual stress measurements were made on
automotive transmission gears ground with an elec-
troplated! CBN wheel in the KaShifuji gear grinding
machine, Five gears were selected at random dur-
inga trial production run. Thernidflank residual
stress along the profile direction was analyzed, and
the results are shown inFigs.9a and 91>. The residual
stress distribution is developed to a depth of .008·
below the flank surface. The results also show Ell

remarkable consistency in the compressive stress
level at. the tooth flank:surface. The subsurface pro-
file variations in the stress is probably due to varia-
tions in the heat treated profiles and the stock
removed,

All ofthese findings tend to support the results of
four-square fatigue testing of CBN groundgears
reported by Kimmet and Dodd. OJ Fig. to shows the
fatigue life comparison ofa CBNground spiral bevel
gear over a collventionally hardened and lapped gear
set. The bending fatigue strength is at a maximum
willenthe flanks andlhe fillets are ground. This im.-
provemeJl1t can be attributed to compressive stress as
well as to other factors. uebas:

a) Improved blend and shape of the fillet region,
which. reduce .any sttess risers that might occur;



b) Improved accuracy of gear tooth geometry.
which reduces the dynamic loading on gear
teeth;

c) Removal: of impurities present (rom heat treat-
ment, such as .31 deearburized layer and other
undesirable carbide networks.

It can bededuced that the increase instrength may
allow for higl:ter load rating ofa gear set or downsiz-
ing to attain the same rating.

Concluding Remarks
The merits of CBN pbysica.li properties and in-

fluence of wheel oonditioning procedures 011 grin-
ding performance have been reviewed. It is shown
that improved surface integrity and consistency in
drive train prOOucts can be achieved by the high
removal rate CBNgrinding process.

However. much more work: needs to be done in
several areas to further enhance the use of CBN in
gear grind.ing.The various areas are

1) Consistent manufacture of eledloplated wheels
having aoceptable accuracy, surface finish, and
wheel life withollt conditioning the wheel;

2) Deve]opmentofvitrifiedbolldedCBN wheels I:L-. ------------_---I
and. condiitioning devices in the machine thatiig. IO-Comparisoll of bending fatigue strength of spiral. bevel gears tQnventiollM1y

processed versus. 'BN gtound.(2)
can produce the desired cutting characteristics
and profile accuracy:

3)1 Implementation of advanced coolant applica-
tion methods to avoid thermal damage in the
workpiece and increase the wheel life;

4)1 Development of machine tool and grinding
process tecl1oology to overcome gear noise and
ia uirneliminate the lapping and honing
process.

CBN grinding has the potential ofrevolution.izing
gear production methods Ln an economical way,
while resulting in improved qualityand consistent
product performence.

Acknowl~gemen15: This article was presented aJ the SKE
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Review of Gear
Standards - Part II

Summary:
[n Part I differences in pitting ratings betwen

AGMA2I8. the draft ISO standard 6336, and.8S
436: 1986 were examined. ~n this part bending
strength ratings are compared. AU the standards

_ UOlim YNwhere Upp - Yo YR Yx.
SFmin

[~

ISO provides three different methods for deter-
base the bending strength on the Lewis equation: mining the resistance ItO tooth breakage, the dif-
the ratings differ in the use and number of ferences primarily being dependent on theasswned
modification factors. A comprehensive design
survey is carried out to examine practical dilf;.
ferences between the rating methods presented in
the standards, and the results are shown ill
graphical form ..

Comparison of Bending Strength Ratings
Power ratings for bend:ing trengtbare given

by:

Xb~YFNT _

I26IXiO P2

Fnd

126 O[)I)Pn

y .. fur- 36 nAn-- Xbs"SS4 :1_ (1)
oosfIJ

hI d[

12lii)))P Yp YsYB

position 'of the load. Metb.od A determines tooth
root. stresses on the basis ofload sharing. Method
II calculates the root stress on the basis ofa single
forice at the outer point of single tooth. contaot.
Method C is an even simplerprocedure for gear
pairs where the overall eontact ratio is less than

Table 1. Comparison of Bending Stress
fufl'uence Factors •.

Gnretty ~ ~
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tdenotes common and >I< non-coramon factors



NOMENCLATURE

BS436:1940

d
F

Pitch d:iameters of pinion and wheel
Face widlh
Pinion and wbeel running peed
Diametral pitch.
Nonnall diametraI pitch
Bending stress factor
Nwnber of teelb. on wheel
Speed factor for strength
Strength factor
Helix. angle at pitch cylinder

n,N
P

Pn

s,
T
JG;,
y
(j

I AGMA 218.01

Ie; Elastic coefficient
d Operating pitch diameter of pinion
F Nea face width of the narrowest number
J Geometry factor :for bending strength
I\a Application factor fur bending strength
Kr. Life factor fbrreOOing sirength
Km Load distribution factor for bending

strength
Ka .Reliability factor for bending strength
Ks Size factor for bending strength
KT Temperature factor for bending strength
K. Dynamic factor for bending strength
~ Pinion running speed
Sid Allowable bending Sl!reSsnumber

I 13 Helix angIe at operating pLtch diameter

88436: 1986 and ISO/DIS 6336

Face width
Reference diameter of pinion
Application factor
Transverse load factor for bending stress
Face load factor for bending stress
Dynamic factor
Pinionrunning speed
Diametral pitch
Minimum demanded safety factor on
tooth root tress

u Gear ratio

b

KF(l'

KF~
Kv

YF Tooth form factor for bending stress
Y M (BS only) Material quality factor for ben-

dingtres.s
YN Ufe factor for bending stress
Y R Surface condition factor for bending

stress
Ys Stress correction factor for bending stress
Y" Size factor for bending stress
Y~ Helix angle factor for bending stress
Y8 Sensitivity factor for bendingtres
aB (BS only) Ultimate tensile stress.
'Uf1Q (BS only) Basic ,endW'3IICelimit for bend-

ing stress
I1FP Permissibla bending tress

0"0Iim (liSa only) Residuali stress
UR I(BS only) Residual stress

two. BS uses the same assumption as [SO Method
B, where me load is applied atlllle highesl point
of single pair toothoontact, while the old BS was

Load distribution factors. Load factors for 'bend-
ing stresses used in AGMA are the same asllllose
used for contact stresses. ISO andlBS set the same

based on Lewis's assumption that the critical con- values for tOe transverse load factor, but are differe.nt
dition occurred with single toollll contact with the for fo~gitl1dinal load factors, Longitudinal load fac-
load applied at the tip. tors for bending stresses in.these two standards are

The difference between AGMA 218 and ather a fi.tnction of longitudinal load factors for eoatact
stm<Ia.ros is that AGMA gives allowable errors for stresses, gear face width, and tootblleigbt,
load sharing, If the variation in normal base pitch Life factors. One of the distin~g differences
exceeds the allowable error. tip load application between life factors for bending and conlact stresses
is used asliL critical position to determine th ben- are the erui'umnce limits set by ISO. and OS. The en-
ding stress. durance limit for bending stresses in ISO and IBSis

A comparison between bending stress mtlueoce 3dO",cycles compared with 2xlO", Sxl07, and W9

factors is shown mTable W.These factors can also (depending on material) for contact stresses.
be divided into common and. non-eommcn factors. Size factors. Size factors for bending stresses are
Forimplicity., only those factors which are dif· included in AGMA, BS, and ISO to take into ac-
ferent [rom the contact stress comparison are count possible influellLoes of tooth size on. fatigue
considered. .strength tncl.uding material quality and [IS response
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to heat I:rea:IIJlenl and ocher manufacturing processes.
V:alues for tile factor in B5 and ISO range from. 0.7
to 1..0 according to tooth size and gear ,material!,
These compare with a single size factor value of uni-
ty suggested by AGMA, ISO, and ,DS for determin-
ingcontaet stresses.

Geometry faotors. As mentioned aoove. ISO
gives thsee methods of detennining the load loca-
tions. Method C adds a contact, ratio factor to the
geometry factor to approximate the case of outer
point single tooth, pair contact. Subsequently, the
calculation procedures for tooth form factor and
stress correction factor are different from those in,
MethodB.

The non-common geometty factor in the BS is
similar to ISO Method B, whlch includes three parts.
The first is a tooth form faclor ,the second is a stress

correction factor (used to take into aocounl tbe effect
,of tile base fillet, radius), and me third isa helix angl'e
faetor, based on the,fact, that an inclined line of COR-

tact is more favorable than vertical Linecontact.
The geometry factor defined in AGMA consists

of four elements: a tooth form factor w1lich depends
on the load position,a stress correction factor, a
I1elical overlap factor ,and a load sharing ratio. factor.

Temperature factor. Only A:GMA takes intoac-
COWlt the infllJence of tooth bulk temperature on the
oil film and material properties by using a
temperature factor, This factor is uswilly taken, as
tmity when the temperature of the gear blank: is
below .2~"C.

Sensitivity and surface conditiDn factors ..The sen-
sitivity factot'Sused in BS and ISO standards account
for tile sensitivity oflfte gear material to' the presence
ofllie tooth. fillet; i.e .• notch sensitivity. In ISO,these
two factors may be determined based on a test gear,
notched specimen, or an unnotihed, polished
specimen according tDthe method selected. BS data
is based onunnotcaed, polished specimens.

Residual stress effects. Residual stresses, which
may remain in. gearsatter completion of machining
and heat treating., etc., have a marked effect on
fatigue propeJties. Only BS considers residua! stress

,effects. based Dill, the Goodman criteria. The BS also
provides procedures to check the permissible stress
and power ,a;apacity at the tooth core for surface
hardened gears,

Design Comparisons
In order to recognize general trends and dif-

ferences between the standardS examined here, sam-
ple designs are presented. There area. number of

itemslhatcould be compared between Ihe standards,
such as tnmsmissiblepowers, toJqUeS. basic or ootaJj

.stre.s~. modification factors. and factors for safety .
Fora given tooth tangen.tia1 force, tm~que is indepen-
dem of speed, and so in the sample designs.
ttans~le torque was selected as the objective fer
comparisen, This is examined lOvera wide range of
piniDn running speeds. To.obmin the large number
of results, required for comparison,the designs were
evaluated by computer, using software previously
generated by d:ie authors. (I) These programs enable
suitable gear pairs ill be designed following the in-
put of a design specification ..The programs also eo-
sure that checks on good gear design. practice, such
as adequate contact ratioand acceptable face width
to diameter ratios, are maintained, The design
specification shown in Table .2 was used fOli each
standard.
Table 1. Bask 'Gear SpecifkadOD for Dmgn

C'omparisons.

Pinion teelh number
'Wheel. ·teeth. number
Diametml pitch
Gear type
Profile correction
Face width
PiniOll. running speed
Life

45
120.

3,175
Spur

None
3 ins

20..20,000 rpm
26.000 Hrs

Selecting suitable materials presented a difficulty,
as each .standard uses different material data for its
ratings. Inlbese .sample designs AlSI 4340 bas been
used throughout for both pinion and wheel. This is
equivalent. to En24 under the British materia!
classificatioll system. As no equivalent could be
found for the ISO rating. the conespo.g material
was selected on the basis of the alloying constiwenJs,

TQallow comparisons to be made, specific
operating conditions, snch as quality of drive and
gear mounting del:ails,. etc .• were purposely .ignored
because lhese conditions do .not appear in alltbe stan-
dams. As .shoWfli in Table 3',1he 'oper.iliDg coOOitioll5
for the drive and driven gears were assumed to be
WIifonn. Gears were regarded as being of similar
quality and. were ass1llJDedto be perfecl:!ly strndd1e-
mounted, Distinct operating conditions are con-
sidered in a further comparison aimed at examining
their effectson ratings ..

The transmissible tOAJUeef each gear pair was
computed on die basis ,of strength and wear over the
speed range 20 to 20,000 revs/min, More than 200



designs for eaeh standard WH'e analyzed. Inorder to From these figures the following points can be
assist in assimilating the results, the design data has made:
been plotted on single graphs as shown inFigs. 1 and • Based on bending SlIenglh,. the ISO and BS ratings
2. As the ratings alternate between pinion. and wheel are very similar over a wide speed range. The ratings
according to operating conditions and the design predicted by these standaRlsare very different. from
specification. Fig. 3 shows !he limiting or final those given by A!GMAand the old BS. The fonner
design ratings for each st:allda:rd. predicts much higher transmissible torques over the

speed range 20 to just over 2000revs/min. Above
'Ta'ble 3. Opern.ting eonditions for FirsIi. Design these speeds, the ISO and new and old BSratings are

eomparisons •.

AGMA

Quality rlUmber
fs* for strength
fs for pitting
Power souree
Load on driven machine
'Gear pair position
Shaft arrangemem
Lead modification

LOO
W.OO

Uniform
Uniform

Enclosed 'Gearing
Central

·Factor of safety

RS436:1986

Accuracy gmde
fs for bending stress
fs for ,contact stress
Viscosity grade
Pinion material quality
Wheel material 'qua1ity
Pinion hear treat

Wheel heat treat
Power source
Load on driven machine
Lead modification
Shaft arrangement
Pinion keyed. type
Assembly adJustment

5
~.40
1.00

OVGW
A
A

Through hardened steel
Through hardened steel

Umform
Uniform

¥es
Central

Solid or Shrunk on
¥es

ISO

Accuracy grade
fs for bending stress
fs for contact stress
AddendUm
(tool)/Module
Tip radius/Module
Viscosity grade
Pinion heat treat
Wheel beat treat
Powe:rsource
Lead on driven machine
Lead correction
Shaft arrangement
Allowing pitting
Checking scuffing

1.25 I

0.25
ISOVG 10

Through hardened steel
Through hardened steel

UnifomJ.
Uniform

Y:es
Central

No
No

5
1.(X}I
i.oo

roughly similar with AGMA ratings, well below Ihe
avelllge of !he oIher ta:ndants.

5 • Based on wear (swface durability) all tbe stan-
dardsprediet widely different ml:iDgs over nearly all
of tile speed range considered. Ofparticllllar interest
i the wide difference between the ISO and .OS
ratings. Al.lhough the genend shapes of the curves

T

Ez

200 20DD 2000020

Pinion Speed (revs/minI

Fig. 1- Transmissible torque ratings against input speed based on surface
durability under perfect running conditions,

RPM
Pinion Speed (revs/mlnJl

!F:ig.2 - Tran -mi:ssible torque ralingll against input speed based 011bend ing
strength under perfect running conditions,
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Fig..3 - Lirni ting ratings under perfect run ning cond itions,

2000 20000 RPM

are similar, the magnitude of the BS wear ratings is In order to examine the differences which might
some four times greater than the mso values. Up to arise between the standards when specific operating
a speed of 6,0lX) revs/min, ISO predicts the lowest conditions are included in the design. specification,
ratings. such as quality of input and output drives, gear
• Forlhe particular design. specification, limiting mounting, and lead modification, the design ratings
ratings (Fig. 3) are mainly dependent on bending were recalculated to show the changes resulting from

the situations where operating speeds reach the specification is setas close as possible to a common
resonance region. requirement so that the results maybe compared

directly. Figs. 4-6 show the revised ratings from
which the following additional generalizations may
be made:

.' As expected, although AGMA, BS, and ISO give
much lower ratings when specific operating condi-
tionsare included in the design specification" the
limiting transmissible torque at a particular running
speed (Fig. 6) shows similar trends to those under
perfect operating conditions. A comparison of Figs.
3,and 6 show that AGMA ratings are significiantly
higher than either BS or ISO,
• Gear running conditions have significant effects on
gear ratings given by all current. standards. The con-
cept of "average ratings" as given inlbe old BSare
seen to be particularly optimistic.

strength. Here ISO and the BS give similar ratings,
with AGMA and the old BS generally providing
considerably more optimistic figures,
• The sudden dips in the ISO and BS ratings reflect

T

12

e
z

RPM20 200 2000

Pinion Speed (revs/min)

fig. 41-Transmissible torque raungs against input speed based on surface
durability under revised running conditions,

the revised specification. The designs were based on
the general. specification given in Table 2, plus the
individual requirement shown according to the stan-
dard used, as given in Table 4. Again, each

Conclusions
Considering the different backgrounds and the

evolution of individual gear standards, ratings ob-
tained between national standards do bear reasonable



Table 4. Revised Operating Conditions Used for
Second Design. Comparisons.

AGMA

Quality number
fs for strength
is for pitting
Power source
Load on driven machine
Gear pair position
Shaft. arrangement
Lead modification

5
1.00

1.00

Medium shock
Heavy shock I

Open Gearing
Overhung

No
BS436:1986

Accuracy grade
fs for bending stress
is for contact stress
Viscosity grade
Pinion material! quality
Wheel materia] quality
Pinion heat treat
Wheel heat treat
Power source
Load on driven machine
Lead modiJication
Shaft arrangement
Pinion keyed type

Assembly adjustment

5
lAO
1.00

ISOVG 10
A
A

Through hardened steel
Through hardened steel

Medium shock
Heavy shock:

No
Overhung

Keyed
No

[SO

Accuracy grade
fs for bending stress
is for contact stress
Addendum
(tool)/Module
Tip radius/Module
Viscosity grade
Pinion heat treat

Wheel heat treat
Power source
Load on driven machine
Lead correction
Shaft arrangement
Allowing pitting
Checking scuffing

comparison. Even so, the differences between
AGMAand European standards (ISO and BS) may
give rise for concern. While tile ratings may be
closer than those shown for many operating condi-
tions, it may equally be argued that the differences
could be greater in other cases. However • the com-

5
1.00

LOO

No

T

12

RPM

1.25
0.25

ISOVG W
Through hardened steel
Through hardened steel

Heavy shock:
Heavy shock

No
Overhung plexities of each standard deter all but the hardiest

Yes designer from examining the possibilities of ex-

20 200 lOOO

Pinion Speed (revs/min)

Fig. 5,- Transmissible torque ratings against input speed based on bending
strength under revised running conditions.

f,

12

ez
",.

:lc:r
'-
:2

RPM20 2000

PinIOnSpeed (revs/minI

Fig. 6- Limiting ratings under revised running conditions.

perimenting with. different design codes, The com-
parisons indicate the amount of work sti.llneeded
before a. ttuly international stan£Iatd can be adopted.
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The Effect of Surface Harden:ug
on the Total Gear

Manufacturr!- ig System
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Abstract:
Carburized and hardened gears have optimum involves the diffusion of nitrogen from a gas at-

load-carrying capability. There are manyalter- mosphere in a temperature range of 925°10
native ways to producea bard case on the gear W50°F. After nitriding, the parts are hard
surface. Also, selective direct hardening has some without quenching, and they have some degree of
advantages in.its ability to be used in the produc- compressive stresses due to compound formation
tion line, and it is claimed that performance in the surface layers. Nitriding takes anywhere
results equivalent to a carburized gear can be ob- from one day to one week due to the slow diffu-
tained, This article examines the alternative ways
of earburizing, nitriding, and selective direct

sion rates.
As an alternative to carburizing and n:itriding.

hardening, considering equipment, comparative II hard case maybe produced by selective direct
costs, and other factors. The objective must be to hardening. Instead ofincreasing the carbon con-
obtain the desired ,quality at the lowest cost tent of the steel. surface by diffusing extra carbon

into the case, the steel composition is selected that
Introduction a1readyoontains from 0.4% 10'0.6% carbon, This

The major heat treatment used for high quality steel could then be thiOlllgh hardened and
gears is a case hardening process designed to form tempered in a furnace, but a hard case and tough
a hard surface layer on the gear surface .. This core can. be produced by selectively heating the
layer gives the gear a hard, wear-resistantfinish, specified surface to the depth required, leaving
but also causes a compressive stress system to be the core in. the original hardened and tempered
present at the surface, which helps to resist fatiguecondi.tion. Both methods produce a case: one by
failures. The type 0'f fatigue encountered in a gear controlling the depth. of carbon or nitrogen dif-
is usually pitting fatigue present at the tooth con- fusion, andthe other by depl.h of heating.
tact points ..

The most usual.process is carburizing, although Carburizing
nitriding is used for parts particularly susceptible Ask:a gear maker what his biggest production
to distortion ..Carbutizing involves the diffusion problem is. and he usually says. "heat. treatment."
of carbon from a gas atmosphere while the part This may be because heat treatment frequently
is heated to about 1700 OF in an atmosphere fur- causes significant schedtiling and quality problems.
nace, After carburizing, the part is quenched, Heat treatmenr, such as carburizing and harden-
usually in oil, to produce a hard martensitic layer ing, takes parts away from the production flewfor
on the surface. The diffusion times used are from long periods, heats them tehigh temperatures. ex-
4 to 20 hours. depending on the temperature of poses them to complicated gas atomospheres,and
treatment and the case depth required. The case finallyquencbes them. The risks of things going
depth is related to the pitch. of the gear and is in- wrong during this treatment are high. n is worth
creased. as the size of the gear is increased to pro- considering some ofthe factors that makesthis type
ducethe correct residual stress pattern, NiLriding of processing subject to variability in results.



stock is used to assess atmosphere,the measure-
ment gives a good indication oftheoondition when
the shim stock wasexposed to the carburizing gas,
which may not be the same when. the work itself
is exposed.

Controlofdte carbon content is often not very
precise.and when consistent results axe obtamed,
it is due to the experience of the heat treatment
supervisor raiher than scientific control.

The designer's usual choice for treating the
highest pertormaace gears is to specify a carbur-
ized alloy steel as the material of manufaemre.
Carbulizing diffuses carbon into the steel to a
specified depth, the source of the carbon being
usually a hydrocarbon-contaieing atmosphere.
Afierquenclring, the higher carbon surface layer
hardens, leaving the core at a lower hardness and
ina tougher condition. The process should leave
the part with high residual compressive stresses in

Ground
1---- Level the sunace,thus increasing the resistance to fatigue

failure, Since the process produces a hard surface
layer, it is often referred to as case carbuxizing.

TIlle source of carbon can be solid, liqllid,or
gaseous, but for the last ~Oyears the preferred
method has been to carburize ina gaseous at-
mosphere. This bas been because of the lower
costs and the possibility of controlling thecarbur-
izing conditions .. The rate at which carbon is

The furnace itself may be schematically absorbed and diffuses into steel. is temperature-
represented by Fig, l , which showsa typical dependent:1he higher the ,carb~g temperature,
batch-typefurnace supplied with a gas atmosphere the morequicldy a case depth can be attained, The
from an atmosphere generator ..fig, 2 shows a pit- time required to develop case depths of up to O.100
type furnace which is so-called because it is often in. is shown in Fig ..3.
installed in. a pit to make loadWg the furnace more It is possible to reduce carburizing time by in-
oOllvenient.The furnace bas a. circulation system creasing carburizing temperature, Fig. 4 shows the
wlUch eireulates the atmosphere and helps even out
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variations in gas eomposition and in temperature.
Government Mll.. specifications require 'that fur-
naces be checked for temperamre variation over
the load space, but make no requirement for supply
of carburizing gas ...If areas in the workspace are
deficient iintemperature Dr gas drculation,l!tIen
case carbon. and depth. of case will suffer.

Carburizing gases are a complex mixture of
gasses. like N2• H2-'CO, C0.2• H20, C~,and 0.2,
and theircarburizingpotentials are (CO)2/C0.2
and C",,(H2o.)~ It isoommon to measure one
component. such as C0.2• C~ • .H2O., or 0.2, and
assumethat carbon potential is directly related
without considering the other component of the
ratio, which may be varying due to gas source, air
leak, carbon buildup. and other factors. If shim
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austenite, necessitating a subzero treatment [0

transform it to martensite .
To obtain tfte desired carbon content in the sur-

face of the case. an atmosphere control sy tern
Should be installed and weU-maintained. Some heat
treaters control carbon potentia] at.tile desired level
through the carburizing cycle; however. olihers
favor a "boost-diffuse" technique, where carbon
is introduced to the surface at a much higher level
than required in the final case for much of the cy-
de, and it is reduced ro the requiredlevel for dlis
last part of the cycle. This isa faster way of in-
troducing the case.

Whichever method is used, atmosphere control
percent savings in carburizing time by increasing is necessary, It. is difficult to measure carbon
rhe temperature beyond ]750°F. potentialdirectly. but \lSually some other factor is
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Control of the Process
measurable that is related and can be used for ,0011-

trol purposes. Thecarburizlng reactions occurring
Gas carburizing atmospheres can be controlled can be summarized as:

to be in equilibrium with a wide range of carbon
contents, AJ> the surface carbon in a case is
gradually increased the hardness of the quenched
steel will also, rise until il reaches a. maximum
value, Tile decrease in hardness from this point is
due to retained austenite present in the case ..
Fig. 5 shows the effect of carburizing a 3310 steel
to 0.6% and 1.0%caibon. The carbon increases
the hardenabil.ity of the steel, but increased carbon
depresses the temperatures at which martensite •
starts to form and at which martensite formation
isoomplete tethe 50% and 90% levels. At a case
carbon level of 0.'6%, martensite fonnation is
complete at above room. temperature, but at 1.0% For a particular carrier gas, Ithe concentration
carbon there would be substantial retained of carbon monoxide a:nd !hydrogen is roughly COD-

(in steel)

(in steel)
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stant. fora wide range of carbon potential,. therefore between these factors is shown in Fig. 6.
increasing the amount of methane 0:1' other hy- nshould be carefully noted, however" that most
drocarbon. Rieducing dle carbon di.oxide content users of carbon control believe that they are
will increase the carillirizing pot-'ntial.1be carbon measuring factors relating tQ carbon potential
dioxide will react with hydrogen as follows: directly:. whereas, .acruaLlythey are measuring one

factor in aratio and assuming the other factor
,(usually CO) isconsta:nt.IfCO, hydrogen, or other
components vary .•dle reaction will J,ift:, making

Thus, the carbon dioxide content and water con- the carbon potential relationship i:naccumte. For ex-
tent or dewpoint are interdependem. A hi,gh dew- ample, some heat treatraent installations generate
point. will promote the formation of carbon diox- emdothennic gas f~omlJatw"algas. This is supplied
ide and, tberefore. reduce dle carburizing by the local gas company toa calorific value,. Dot to
petential. a chemical composition. bt time of supply dif·

Methane and other hydrocarbons will react with ficulties (mid-winter), the gas company may boost
water as follows: the supply from different fields or even use waste

refinery products, causing instabiHty in thegas
composition and deviations in case carbon content,
even though. dleco.ntr-ol instrwnents are till! show-

Therefore, hydrocarbons may be added to reduce iog that everything is under control.
the dewpoint and increase die carbudzing
potential.

Oxygen potentia] is related to the caroonpoten-
MethodS of Carburizing

tialas follows:
The majority of gears are carburized in a gas at-

mosphere llsually using natural gas, propane, or
nitrogen as the atmosphere SOIlI'Ce. However, over
the last 2:5years two other methods have developed,
one involving vacuum technology, and the other
using plasma.

Gas Carburizing. Gas car-nurizing using annes-
pherie pressure treatments in gas-fired or el.ectri-
cally heated furnaces is still the most popular
method. Furnace equipment. varies widely in eon-

'Iberefore, earburizing potential

From this it can be seen that the carburizing struction, but essentially is eonstructed to be gas-
potential can be determined by measurement of tight and pr-ovides means for uniform heating and
O~, dewpoint,. or oxygen level. The relationship circulation of the gas atmosphere. For the highest
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quality work, pit furnaces (Fig, 2) are preferred.
since temperatUtre uniformity is optimum because
ofllie circular shape, and the fan (generally atthe
bottom) gives uniform gas and temperature
distribution. It is more difficult.to automate loading
procedure, and direct. quenching is not usually
possible, since the load is difficuLt to handle,thus
taking a long time to transfer to a quench tank. dur-
ing which period fhe parts are not ina pr-otectiveat-
mosphere, Many precision gears are treated in pit
furnaces, slow-cooled. reheated, and hardened.

Horizontal box furnaces with integral quench
(Fig- 1) are used particularly for lower class gears.
They are very convenient for load handling, but
may suffer from lack of temperature uniformity,
particul!arly near the front loading door. Because
of the shape, gas circulation is not uniform, par-
ticularly at the extreme comer of the furnace
chamber. The circulation system not only supplies
ilie furnace atmosphere, but also is part of the
heating system. Deficient circulation leads to lack
of atmosphere and lower temperature, both factors
adversely affecting case depth.

Continuous fumacesare used for large quantities
of gears , often for the automotive industry . Pusher
furnaces are developments of the horizontal batch
furnaces, and since the parts are moved dtrough
different zones during the cycle, more uniform
results are possible .. Pusher fu.maces may be
adapted with the last zone at. the quench tem-
perature so that gears can be plug- or press-
quenchsdfrom the furnace.

reactions are out of equilibrium, making it
necessary to use a controlled boost-diffuse cycle
based on past experience. The furnace is operated
\l.Ddervacuum conditions except under actively
carburizing conditions, when a few millimeters
pressure of carburizing gas are added. and during
the gas cool after carburizing, when the furnace
is bacldilled with nitrogen, If the furnace is equip-
ped with an oil quench, the load may be reheated
under vacuum andquenched without removing it
from the furnace.

Vacuum caiburizing is often faster because it is
carried out at higher temperatures (1800° to
1950°F), rather than the 17000 to 1800°Ftypical]y
used in gas carburizing, Some gas.carburizing fur-
naces can operate at higher temperatures, and
achieve the same carburizing rates as vacuum
processing, but a typical. gas carburizing furnace
takes longer to reach earburizing temperature
because ofthe furnace heat load. Vacuum equip-
ment can be started and shut down in.much shorter
times than gas carburizers,

The costs of vacuum treating and gas. carburiz-
log are likely to be comparable. especially for
deeper case depths because of the higher tern-
peratcre capability. The acquisition costs will also
be similar since endolihennicgeneration equipment
is not required. Vacuum treatment partsare Like-
ly to be cleaner and of more consistent quality.

Plasma Catburizing. This process uses equip-
ment similar to vacuum. carburizing, except that
the work carrier is electrically insulated from the

Vacuum Carburizing. Vacuum carburizing furnace frame.. A DC potential difference is ap-
has been used since the early 60s and has plied across the work, making the work carrier the
developed to iii full productionprooess, sometimes cathode. A plasma is formed around the work,
with. oil quench capabilities ..Closed loop carbon which is said to enhance die absorption of carbon
control is not currently possible because the gas atlbe surface of the gear being carburized, Plasma.



is maintalned at a few millimeters of pressure of process done off the main production sequence.
methane using aDe vol.lage of 500 [0. 600 volts. Quality engineers dislike it because it is responsi-
Unlike ion nnridiag, additional Iteating is ble for many quality problems due 11.0.' variation iII
necessary toaohieve cari:lurizing temperatures, and case quality and dimensienal tolerances. Shop per-
this is accomplished with graphite elements, Car- sonnel may be disenchanted when their bealltifully
bon level is controlled using a boost-diffuse cycle machined parts are ultimately returned looking
followed by acontroliled, 'coo] to about ISSOoP, burnt. twisted. and unrecognizable.
when the parts may be oil quenched. To overcome some of these disadvantages.

,As with ion nitr:iding, a high degree of selective direct hardening is ,often applied. Inllbis
cleanliness is imporomt. and the work carriers processthe hard case is prodlll.Cedby heating the
must 'be scrupulously cleaned after use to. remove surface layer only to above the aWitenitizing
quench oil and other foreign matter" Con lamina- temperature and rapidly quenehing, leavingthe
tion causesarc-over ill the plasma, layer, causing core in U1eoriginal condition. Ca:rburizing is not
tbepower supply to shut down and restart Until necessary because a medium caJ100nsteel. is used
the parts are dean. a stable pLasma will net be with the required QIl1bonalready in the steel. Since
established. a Jarge proportion of the part remains cool,thus

The equipment L more costly dian a vacuum, stabilizing the material, distortion is much less l!han
unit, andthe fun advantageshave yet to be com- utile entire part were heated. The higher carbon
pletely documented for gear treatment. content material compared with a carburized grade

may make machining more difficult ..Four methods
Selective Direct Bardning have been used lor selective heating for direct

A1thougb.'carh~g is widely used, especially hardening of cases. All rely on applying a large
for higher quality gears, it is oot apopular process
in the manulacturing sequence. Manufacturing
engineers do not like it because it. is a Jengrhy batch

amount of energy in a. hortlime.
Flame Hardening. Flame hardening is probably

the oldest selective hardening process and. as the
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name suggests, it employs. direct flame contact induced current. The rate of heating depends on
with the swfacebeingl1ardenedl. With coarse pitch IDest1!engthoftfte magnetic field. The depth of the
gears, individual! teeth may be hardened; but with field varies inverselywith the frequency of alter-
finer pitches, a gear may be spun ina ring of gas nation. The higher the frequency, tbe moreha.l1ow
burners. Flame hardening. even with oxy-gas the heatiageffect.
fuels, does not provide as rapid an energy transfer If the circular coil. is used to' heat a gear, then
as the other methods discussed, andthus has dif~the tips of the gear are closer or bettercoupled to
ficulty in producing a baed.case of less than about the coll, and, thus, they heat. more, resulting in a
0.050 to' 0.100 in. deep. However, in situations deeper case depth .. Teclmiqlles are available to
where flame hardening will meet tile required reduce this effect, such as pulse or dual. frequency
specifications and quality levels, it is the lowest hardening.
cost method. As with induction .hardening, self- After the heating is ,complete •. dte CUJTent is
quenching is usually Dot possible ,and an extemalimmed off, and the part is quenched by synchroniz.-
quench is necessazy. edjets of a quencllingfluid. usually water-based.

Inducti.on Hardening . Ioduetion hardening is Laser Heat Treatment. Laser beat treatment
achieved by using an altemating current in a work is a surface-hartleDing process in which laser
coil surrounding the part 1.0 be heated ..The entire energy is used to heat the surface to above the
circumference of small gears may be heat treated austenitizingtemperature, When the source of
atlbe same time, but coils may redesigned 00 treat energy is removed,.lhepart self~enches, .owing
one to.oth. ala time if the tooth pitch is such that 'tD thedLffusi.on of beat into the mass of the part,
individual teeth. are large. An altemating magnetic This is made possible by the extremely rapid
field is established that induces a potential in the heating rate that the laser eanachieve, A~ the rate
part, causing a current 00 flow in the closed cir- of heat input increases, the depth .ofhardeniQg is.
cuit. Heating is produced by the resistance to dte reduced, since the temperature gradient becomes

incoming,

beam ~
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speed of work travel, cmjrnln, indicated for each curve; transverse oscillation 450Hz; ax'ia'losclllation 120Hz;
patte rill 1·27)( 1-27

steeper, and the surface temperature is limited by
me need to avoid melting.

The method of applying the energy becomes a
critical part of the heattreatment process, If a
sharply focused laser beam is used, then the
hardened zone becomes quite narrow, although it
is more usual to use a defocusedl beam to increase
thearea over which the laser energy is spread.
This, however, represents the most unsophisticated
way of controlling the heat treated area and, in a
modem work station, other types. of optics would
be preferable.

Two of these methods are illustrated in .!Fig, 7.
Fig 7a shows the use or oscillating optics, in which

without magnification at a plane in space that coin-
cides with the location of the work surface. This
method is lower in cost than oscillation equipment.
but will only produce a fixed shape energypatch.

Laser Power. The influence of power on
penetration is direct. but not linear. Useful
tradeoffs can be made ifIow-speed processes can
be tolerated. For example. in Flg, 8 power levels
as low as 1 kW produced slight hardening with the
%: x .'h mm rectangular spot in these tests. At 2 kW
significant surface hardness occurred if the speed
was increased from 20 em/min to 401em/min, and
a reduction of 0.5 m (30%) could be tolerated in
depth of hardening. The suggestion here is that

a defocused beam is oscillated in two directions to speed or exposure time is a more important process
produce a rectangular patch o[,energy. Oscillation element than power , per se,
frequency is typically 100 to 500 Hz in bodidirec- In fact, increasing power at a given speed was
nons. This method also allowscontrol of the shape clearly detrimental to hardening until relatively
of the energy patch ..Fig. 7b shows the use of in- bight speeds were reached in Fig. 8.
tegration optics using a faceted mirror. The beam The power at which surface meltingoccurs is
is broken into segments and recombined with or directly related to speed in .Fig. 8. and the boun-
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dary fonned by this relationship forms the major basic differences in the equipment used. The beam.
process limits.

Speed of beam. It is possible to' interchange
speed and power to achieve a given depth of
hardening for a specific beam. impingement area
(3 lh x liz in ..rectangle in this case). Forexample,
in Fig. 8, 3 hardened depth of 1 mm can be ob-
tained. at 7 kW, and 160cm/min or at 2 kW at 40

and workpiece are manufactured in a vaouum en-
vironmeru. which is not necessary with a laser, and
this requ.irementintroduces some eomplications
into the nxtunng. Another difference is in beam
manipulation. since laser energy may be directed
and focused by minors, and an electron beam is
manipulated by magnetic coils.

cm/min. Ifthe lower speed!satisfies production re- However, electron beams have some important
qulrernents, the potential for a reduction in capital. advantages. First, tile cost of electron beam power
expendimres is clear. However, the 40 em/min is lowerdtan laser energy • since dte conversion ef-
process is sensitive to power variations in terms ficiency is higher, Secondly, higher electron beam
of both penetration and hardness. For example, a power is available, and while a 40 kW electron,
0.4 kW increase in power reduced hardness from beam gun is commonplace,a 15-20 kW laser is
725 HV to 685 HV. At the same time. penetration very large. The third advantage. which is not.
increases by 0.3 cm. Such sensitivity places. a generally exploited, is the availability of pm gram-
premium on accuracy of beam generation (and mable raster patterns. Whil.e laser beams may be
delivery), Rejection rates may be increased in the patterned by oseillating optics and integrator op-
lower speed procedures outlined in Fig. 8. tics, the pattern produced is not. capable of the

Electron Beam Heat Treating. This method tlexibility made possible by scannjng an electron
is similar in principle to laser beat treating, except
that beating is achieved by an accelerated stream
of electrons instead of a light or infrared beam.
When.the electron beam is turned off. the part self-
quenches. Many of'the same considerations apply
that are true fer laser processing, but there ere

.M.P. Temperature Before
Quench

beam ..This could be of'particuiar importance in
ttardeoing complex geometric shapes. such as gear
teeth, where different amotmts of energy arc re-
quired on different parts of the surface as the
geometry changes. Electron beam. equipment may
be more compatible with CNC controls, par-
ticularly ina flexi.ble manufacturing imation.

Residual Stress Patterns
One advantage of ease earburized parts is mat

when the treatment isproperly carried .out. it leaves
a compressive stress system at itllesurface, Com-
pressive stresses help counteract tensile stresses
produced during beDding fatigue and contact
fatigue and, thus, increase the expected. life. Pig.
9 represents conditions during the quenching of a
carburized part. nus part has been carburized and
heated to a temperature above 'the austenitizing
temperature and then quenched. The isochronal
lines show how the surface cool faster than the
center ,of die section because Ileat. is abstracted
from the surface by the quenching media, This
trend continues right through the quenching
process. Fig. 9' also shows linesrepresentingl:he
start of marteasitic transformation (Ts) and the
f!.Dishef'transformanon (TF)' Il win be seen that
these temperatures are depressed as the case car-
bon increases. The net result is thattransforma-
tion .of austenite to martensite starts at the case/core
interface with an expansion as martensite is
formed. The case i .the last material to transform,

AU51enilizing Temperature

lsochrcnal tlnes
During Quench

Distance from Surface ---I"'~.
t-i).!. t, 1,1111',,-r~lH~ 111....'rthlJIHII1I1I ....k'll pill" \llJlIIi~' '1~I(,.rh.h .lIler \.Irhllrl/lll~
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Nitridiog
Nit:riding is an alternative case hardening

process often specified for gears when distortion
would be difficult to' control if the gear were case
earburized andql.lenched. In nitriding, nitrogen is
mtr1Xluced into the :wfaoe of'd'le steel at relatively
Iow temperature ,(925° to lOSO"F) from a
nLtr'O,gen-oonlaioing atmosphere. such as ammonia.
A hard case is produced by the formation of hard
compounds in die surface. making qaenching
WllleceSSary .

Special steels are needed for nibide containillg Dimensiona]Pr~blems Caused
dements" such as aluminum or chromium,tbat by Heat Treatment
will fonn hard nitrides during Itreatment.Thereel It is believed tht heat treatment causes more
is Ilitrided in We flardened and tempered condition. quality problems than any other manufacturing
The process is controlled byadjwtiJlg me dissoeia- step. This is because heattreatm.ent causes dimen-
tion of die ammonia MOfie often the Floe process sional changes due to vO[Ullllechanges, resulting
is used, whioh is a double stage process analogous from phase transformation. Distortion is caused by
to the boost diffuse cycle in 'ca:rbwizing..In the first a combination of geometric factors and stress
.stage. the dissociation level is eontrolled at 15 to relief. These two factors acting together often
30% by using a temperalllre range of 92$° to cause unpredictable results. Variables that. COD-

975°P. producing a white nitride layer which is hibute to the dimensional changes include:

and the expansion to' martensite causes compres-
sive stresses because the core is already trans-
formed and restrains the case.

The situation is different in selective hardening
1(F~g.10), but the results are similar, Energy is
transmitted quicldy intolhe sUrl'ace.resulting in
a surface layer heated. above the austenitizing
temperature. This layer w:ill later become-the
hardened. case. When the energy is turned off,
rapid cooling progresses, and again the case isthe
last to transform, and the restraint induces residual
compressive stresses as the surface expands dur-
ing transformation fmmeustenite to martensite,

_Temperature Bef.ore
1 Self Quench

-- ---

hl!.lU h:IJlPt.'LIHII\.' dl ....Ulhlllhlli III ,I ,,It'l,1 p.lIl .lItl'r 1.1....vr 1ic , I! Irl.111l1ltll

diffused in the second stage by lnereasingthe
dissociation to 80 10 85'%. The high. dissociation
can be achieved by increasing the temperalllre
range to 10250 to 1050"Fand using an external
dissociation. Even with the two-stage process,
mtriding is slow, taking about a day (24 h) to pro-
duce a 01.0201in. case. The process produces very
hard cases with minimum distortion. Vol.ume in-
creases during nitriding cause favorable com-

150ch ronal Lines
During Quench

I ~

I

Variations in.material composition
Residual stress differences
Size of part (within tolerance range)

before heat treatment
Surfacecendirion
CUDurizing heating cycle
CaIiburiziJllgatmosphere control
Depth of case
Quenching parameters

pressive stresses to build up in. the case. Quenching die dimensions
Ion Nitriding . Ion niniding or plasmaaitriding Post heat treatment.

is similar to' plasma earburizing in that a plasma Gear manufactul'ers hope to bring the compon-
is formed around the work during areerment, ~t is ent size under control in the finish grinding or hanll
claimed that the proces gives more reproducible turning stage. This leads to a dilemma: ifexeess
results and a. shorter process time. materiaJI is left on the part prior to heat treatment ,
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there will be enough stock to enable the size to be
bruught under control: however. if too much is
taken off. the most effective parts ofllhe carburiz-
ing (or nitrided) case are removed. Fig. WIshows
excessive material being removed from a tooth
after heat treatment. In the example shown in Fig ..
12,tl:te tooth. has distorted to the right, and to cor-
rect the profile, excess stock hasto begroWld from
the right side of tile tooth. This has several serious
consequences .

First, there is lack of uniformity in case depth
leading to uneven residual stress distribution.
Second and worse is that the gear appears satisfac-
tory in a nondestructive inspection. even though
the perfonnance of the gear will be less than op~
timum, Third, a considerable thickness of material
has to be removed during grinding, increasing the
probab:ility of grinding burns. There is little doubt
that some problems that are blamed on grinding
can in reality be traced back to heat treatment.
Thus the effects of the heat treatment process have
to be considered before and after the process in
both. the soft machining and hard finishing stages.
The attraction of selective direct hardening
processes. that minimize distortion and can be done
on the manufacturing floor, reducing the work in

Size before
Heat Treatment

I·ie. I] \dhlll.tll\. ,.lm.lllIl.11 ~rtl~Jlld 111)111 ~'c,n IdUlh
------

Tooth
---- .. Distortion

Si:Z.8belor,s
Heat Treatment
Size after
Grinding

l-iJ;!. I.! \~hl"l.llhL 01 rn.rtcrr.rl ~1\'lJfld 11\1111 .t d''-!lIllul

...'L .11 I~ H'ttl

Table 1. Comparison ·ofCase ~d Ding Precesses

Cost or
Eq-wpment

Cost or
OpeJ:ating

Qnalityof
Product

.Environmental
Effects

Time Taken
loComp]ete

Process
On-Line
Process

'Case Hardening
Gas earbnrizing
Vacuum carburizing
Plasma: clUburizing
Nitriding
Ion nitriding

Selecti.veDirect Hardening
Flame hardening
Iaduction
Laser
Electron beam

.M M M H M N
M-H M M L M N

H M-H H L M N
M H H M H N
H H H L H N

L L L=M M L Y
M L M-H'" L L Y
H L M'" L L Y
H L HII< .L L Y

Legend: H= high; M = medium;.L;;;;; low; Y ;;;;;yes; N ;; no.

"'Design engineering may be reluctant to change from carburizing to direct hardening since 8. material change is necessary ,and
an extensive acceptance testing program may be required.

Note: Lot size: lIould be considered when selecting a.case hardening process, since small lots sizes often mean tile use of smaller.
less automated equipment. It may be difficlllt to justify the tooling usuaUyrequired in a direct hardeningproeess ifonly a.few pans
are contemplated.
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progress, become .apparent • and there wm be furnace load iftl:te paris are of comparable size and
serious attempts. to use these processes wherever require the same case depth.
possible. Production engineers would like to heat ·lreat

gears as part of the manufactl1ring sequence on
machines siniated in the production line. This tis
achievable by selective ,direct hardening, which
can be done by one of several methods in times
comparable with. the manufacturing process.
However,a. medium carbon. teel has to be used.

C'OndUSiODS
Cost comparisons between plants and! companies

are diffi.cuIt to make because of variables , such as
energy costs, labor costs, part geometry. lot ize,
and accountingpraesiee, but Table 1 attempts to
compare gellerally perceived costs together with
p.roduct quality and!1he environmental effect of the
process.

In diffusion type processes, gas carburizieg is
the most geoe.rally used!process using endother-
mic gas atmospheres. Vacuum and plasma car-
burizing are slowly being introduced as cleaner,
more consistent processes. Ifdistonion i difficult.
to control. men nitridIDg or me newer ion .rnilriding

which can be I11()rediffioult to maohil1eand causes
designers comcemlhat a dHect':l:lardenedgear lI\aty
not be equivalent to a carbarized gear for power
transmission purposes. The selection. ofa direct
haJdening process and equipment .may be iaflu-
enced by lot size. since it may not be feasible to
provide the necessary tooling for treating 31 few
parts.

Process selection i. often detennined by dle
is used. All of the above processesare done in a. available equipment, but it is worth knowing all
special heat treatment area off me production area. the options that are available to the gear maker.

The size ofbateh-type heat treatment equipment. particularly when difficulties are encountered or
is often detennined by the lot.size and quantity of new equipment ispurchased.
parts to be treated. Large volame producers may
use continuous carcurizing famaces, while small
job shops may use much smaller base furnaces ..
Small work:lots maybeaccumuJated to make .afull

Aljlmo~: RLprilluJ..wihpermission ofw ~riCan
,Gtar Manufaaurel'1 AssodmiQfl~ '/he cpiniOll.f. sJlJJ/!f1Il!lUS and
conclusions pr-aenled in thispaper are rhou ofrh~.AuJJwranJ
in 110 way representtheposition or opinion of tire AMERlCAN
,GEAR MANUFACIVRERS ASSOCIATION.

Toll -uppl
,851 OHIO P,IKiE• CtNC'INNATiII, 01110 45245- (513) 752·6000

CIRClE A·25 on READER REPLY CARD

Provides actual over
ball/pin measure-

ment of any
helical or

spur gear or
spline with-

out the need
of costly

setting masters.

Provides vital
S.P.C. informatien,

,CAPACITY:
9'" O.D.
8" I.D.



lORE BITES
FOR YOUR BUCK

F',elll!ows - all!wa.ys on the culting edge, of technologIY ..,
For nearly a centurv the
Fellows name has been
synonymous wllth the finest
quality gear shaping cutters
avallabte. It still is!

We produce a.wide variety
of cutters, with and without
TiN coating, aU cornputer
designed to' provide optimum
performance for your most
exactlnq requirements.
Fellows cutters 'include all
types - spur and helicall,
both in commercial and

preotslon grade ... disk. deep
countsrbcre, taper shank,
non-Involute profile, herring.
bone, and Internal, We also
offer a broad range of shaving
cutters and master gears.

And ... to make 'goodl things even
better, we have a wide variety of
ST.ANDARD STOCK CUTTERS
available ana one-day basis as
welil as a full Hne of HOBS and
IDISPOSA'BLE CUTTERS. rn
addition we offer complete
resharpening, reeoatlng, and

regr,indingl services for alii
types of cutters.

When lit comes to quality cuttingl
tools ... be sure you get what
you pay for! Call us today.

IFELLO,WS, CORPORATIONI
PRECISION DRIVE, P.o.. BOX 85t
SPRINGFIELD. vr 0515&0851 USA
fEL: 802-886-8333, FAX; 802.a86-:2700



What Is Runout. And
by Should I Wor:- Iy About It?

Irnunout is .3troublemaker! Good

I sh.~P.~p.';ctice f~r..the man~facrure
Or IDSpeDIlOJl. of gears requires the

control of runout.
Runout is a characteristic of gear

quality iliat results in an effective center
distance variation. As long as the runnut
doesn't cause loss of backlash, it won't
hurt the function of the gear, which is
to transmit smooth motion under load
from one shaft to another. However,
runeut does result. in accumulated pitch
variation, and this causes non-uniform
motion, which does affect the function
of the gears. Runout is a radial
phenomenon, wllile accumulated pitch
variation is at tangential characteristic
that causes transmission error, Gears
function taagentially, mt is also possible
to have a gear with accumulated pilch

Courtesy of HlJ11Iwl Ammca.

variation, but httle or no runout,
In fact, runoutaffects ,every other

characteristic of gear quality. such as
involute or tooth form, index or pitch
variation, lead or tooth alignment varia-
tion, and noiseand vibration. It is quite
common for one to have problems try-
ing to meet specifications for index. or
pitch variation when the cause is
actually runout, The various measures
of gear quality are not independent
parameters. They are .ai[ .intluenced by
ruaeut.

Much time can be wasted trying to fix
the wrong source of the problem in a
machine tool. For example. ita perfect
gear were to be produced ona machine.
but put into an inspection machine with
runout in the arbor or center j it would Ifllln_1
have apparent. involate and index er-

r- E.. J

SII()P FI~()()I{ I

--------

- -- E. SIitII
is tMfiri ru::ipal It! R. E.
Smith &01., Inc.•paT con·
sultants. He 1lQ.$ ,(JIJI!T 4'0
yttlr3' ~t.in INg_
industry. warhi7Y: in g~ar
mt'thods. manufaclurt. and
rtSl'IJrdllopplicalUms. HiJ
specialili8S inclUiUrrulnu,
foaur«; IlU'trowgy" noW:
control, and· tmtumi.S5icm
error ltSling. Hi! l!tw-tly
Chairman of Ik AGMA
Handbooil Mtasuring
Methods ,arw PrQCtioo Sub-
commilltt ,and I'M Cali-
bration Commilll'i'. If)lOu
have other ,qmsl'ioru fur 1\111'.
Smith. cirde RttJikr Si'rvice
No. 45.
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NEWS ABOUT ... HURTH
In an effort to consolidate ownership and diversify global,

manufacturing activities. Carl Hurth GmbH and Co. (Munich)
was recently acquired by Fritz C. A. Hurth, the founder's
grandson. The younger Mr. Hurth founded and also oper-
ates Hurth Axle S.p.A. in Italy.

The Hurth organiz.ation is manufacturing and marketing
a broad range of products and equipment for the Gear,
Automotive, Aerospace and Off-Highway industries
throughout the world. Included are gears and gearboxes;
precision finishing machinery for gears in the green or hard
stages: deburring and tooth pointing equipment; together
with tooling and accessories.

KIingelnberg Gear Tech nology, Inc., the exclusive repre-
sentation for HURTH in North America, indicated that the
consolidation of ownership of Carl Hurth GmbH within the
Hurth family will serve to strengthen both organizations. The
Hurth line of products is known worldwide for state-of-the-art
design of high quality equipment and power transmission
components. That tradition will continue under the strong
leadership of Fritz C. A. Hurth.

For more information on Hurth products and services,
contact: Ernst Loffelmann, Klingelnberg Gear Technology,
Inc. 15200 Folt7.lndustrial Parkway. StrongSVille, OH 44136.
Phone (216) 572-2100 FAX (216) 572-0985

~ KLINGELNBERG
•••Puts it _II together.

CIRCLE A-301 'on IREADER REPLV CA'RD

A GOOD, MOVE 'II '! !

Ads inGEAR TECHl'JOLOGY
bring customers & sales"

'Call (708) 437-6604
to see how we can be

a part of your game plan.

rors, as well as possible tooth alignment
variation.

It is extremely important throughout
the manufacturing and measurement.
process (0 be careful. that the center axis
ohhe pitch cylinder ofthe teeth is com-
cident with the center of rotation of the
machine or journals. Many inspection
machiaesand some finishing machines
use centers for locating the gear. Un-
fortunately, the gears are never used
from centers in the application. They
either mount from a bore or from jour-
nals and shoulders. Most people believe
that because the journals and. teeth were
finished from centers, that they all run
true. "Murphy" says that even though
the journals were ground from centers,
they will never run true again. Just
check them and see!

, S I I() P FI~0 () l{
Care should be taken. with the choice

of arbor types used. If a solid, cylin-
drical arbor goes into a bore, there has
to be clearance; therefore, the gear can
drop off center, causing runout -
maybe only a few ten thousandths of an
inch, but this is a lot when trying to
meet involute tolerances. If a slow taper
arbor is used ma cylindricalbore, the
gear will tip, causing wobble and tooth
alignment variation. The only way to
use these types of arbors with con-
fidence is to use pre-qualified axial and
radial proof spots or bands that are true
with the actual journals. These can be
indicated and trued before finishing or
measuring.

Some of the recommended arbor
types that will take up the clearance in
the bore or journals are hydraulic ex-
panding, expanding collet, precision
3-jaw mandrels, and ball sleeve in-
terference fit,

When it comes to the manufacture
and measurement of AGMA class Ql I
and higher gears, the results depend
more upon the practices and care
discussed above than on the condition.
of Ute finishing machine.

BE AWARE!!

--- ----------------~





I CO~IPUTEH. l\IDS

Easy to use PC based software
calculates accurate gear dimea-
sions. Get feed and index gear

~ P,RODUCTS, INC. trains for bobbing machines in
I 5212 ShOplond·Rosem~nt. IL 6OOl8 I minutes. Gives pitch <liam7ter.
II (312)992-4014 " 0.0., measurement over WIres,
CIRCLE A-go", READ,ER REPLY CARD I backlash, etc. AJ]for $200.

Barber Cole:man Hobbers:
HEU:CAL GEAR SEl'..Up
SOFIWARE FOR PC'S

Calculates exact index gears.
Calculates feed gears to .000001.

Runs In seconds. Send data
far sample output. PC Dos
program $350 complete.

POSITION WANTED
Broad,ly ,experienced sales and
marketing manager of gear rnanufac-
turingl equipment with, previous ex-
pe~ieflce il1l.~11ph~ses of manutae- II
turmg. Familiar with all degrees of
automation, including ceUs and FMS.
Excellent sales background. relation-
ship with customers, and !broad
Iknowledge of customer base.
PLEASE SEND IREPlY TO BOX LT,
c/o GEAR TECHNOLOGY, P.O. Box
1426" Elk Grove ViUa.ge, IlL 6()()09.

GEi\!{ TOOLS,

SPE:EDYOUR
GEAR

CALCULATI'ONS!
H'e'lical or Spur

CaiH,(803)' 654-3417 or wrUe
Piedmont Machine and Tool
Box 250
Six Mile, SC 29682

GEAR. HOeS, CUTTERS
GEAR MACHINES

Hobs and Gear Shaper Cutters in slack!
.G.EAB MACHINES

at LOWEST PRICES EVER'

2 • 5 MODULE, 3 w 16 DP
GlAR SHIIP[R ClITTERS

4·24 iDP

! ! ! SPECIAL! ! !
NEW GEAR HOBBER

20" DIAMETER x 9.5" FACE

$18,995.00

I GALL NOW FOR MORE DETAILS
I PHONE (213) 933-7191 FAX (213) 933·7487

I J!;~~~:':~!~~~::'ii:.~~c:::-rED
CliRCLE ,A·11 on READER REPLY CARD CIRCLE A-10 on R,EADER REPLY CARD

IIELP \,·j\NTEI)
'I Engineering IManliger: 50K. Power Transrnis-

slon Products Man!Jfacrurer seeks strongi super-
visor with 5·10 years background in Gea.r
Manufacturing & Design.
Chle' Process Entlneer: 46.ti5K. Supervise a
group 01'5 process engineer:s designing 'gear
boxes and custom gearing. Auto-GAD back·
ground IIplus.
Mslntllnsnce' Su-pervlsor: 4O-S0K. Must be
strong in electrical repair of custom machInery
for ,gear manufacturing'.
Proceg Engineer: 50K. Strong backqround ln
hands on processIng 01 custom geanngror
varlous applications. -
'Contacl: SIeve somers, Midwest Technical',
1420 IKensington Rd., .oakBrook. IL 60521,
(708)571-4100.

-

I fEAT TRE1\TING

Contour Induction
Hardening SpeciaUsls

Spur, hslJcalandlJevel gears

--

SER\TICE

Our gear hardening equipment
includes 4' NATCO su bmerged
process machines and 3 AJAX
CNG·controlied gear scanning
machines. We can also tool to
meet any production need. Write
for a free brochure.

Amer,i:can Metali Treatingi Company
1043 East ,62nd Street
Cleveland,OH:44103

(216)431-4492,
Fax' (216)431-1508

G.EA!R INSP,ECTION
Let us solve your lllinois Chart
IRecorder problems. Repair.or up-
date to new 1990 electronics, I'ess
cost, more reliable!
FactOlytrainedi personnel, we cer-
tify, repair, and rebuild the Illinois I

analytical and automatic gear
inspection equipment.

il We h.ave de~ign capabilities i~alii
, ge.ar inspection areas. We believe

in service for our customers at
reasonable prices, Let us make
your IIlitron testers and recorders

II perform like new,
, Call today 1-70~77~2496

Manufactured Gear & Gage, Inc.
P.O. 6ox71155
IElgin, IL 60121

CIRCU: A-1'3 on READER REPLY CARD' CIRCLE A.-14 on R:EADER IREPLY CARD
II

\I.P. 'Ope'lllon,: $90.000 Package. TotalP I\. L.
Proj..e1ID.,lgn Engl""'" $50'8. Design .Differential.
and Gears.
"'nYfIOlurl'nll IEnlllnee,;s: ,$55.000. P,eclslon
Machining.
He", Tr, •• ,' SHClaJl.!: $50.000. Process Oesign and
Supervision.
Contact; Ann HUnSUC~9t. Excel Associates. P.O. Box
520. Cordova. TN 38018' or call (901) 757·9600 0. FAX
(90t) 754-2.996

,48 ~U.A HC!HIOlOGV

Forget!
Send your name and address for the latest edition of the free
Consumer Information Catalog. Write today'
Consumer Information Center, Department DF

Pueblo, Colorado ·8,1009
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GEA1R MANUFA.CTURINGI I

IENGI'NERING :S~RV1CES,
SEND YOUR; INS1lRUMENT HOME.
Factory rebuilding ·of FEU.:OWS

gear measuliing instruments.
O.E.IM. Original

IN THE SAME ROOMITHEY WERE BUill
·Pr,eventalive maintenancel

CertifICation contracts
SERVICE

Al.l MEASURING INSTRUMENTS!
'GEAR SHAP,ERS(1910+ up)

SEMINARS
Basic gear theory/l:lear measuring

Production ,estimating/SPC

100 RiverSt.
Springlisld, VT 05,156,

(8021 885·91'76

PACKER ENGINE:ERING
108/505--5722, ,ext. 2:1'4

BOX 353, N'APERVIL\.Ic, II. 60566,

CIRCLE ..A,,33 on READER REPLY CARD CIRCLE A·34 on READER REP,LY ,CARD 'CIRClE A.c35 on IREADER: REPlV CAROl

IG'EltR TOOTH
GRIINDING SER.VICES

.. Production and Prototype Quantities
• Specialists, lin Gear Tooth Grinding
• ,Able to match delivery to your needs
• Gear Tooth Grindingl Capacity to 27.5

inch IPitch diameters
• ,All services to AGMA standards

CElAlIF:IED GEAR INSPE,CIION

PiRO~GEA'R IGOMPA'NiY,IN.C.
23 Dick Road

Depew, NY 14043
Phone (716) 684·3811

Fax (716) ,684-7717
Sales R.eps. Wanted

GEARTESTIING AND
D:ESIGNI FACIILITIIES

I

- G.EAR DESIGN (N'DI.SE' .. -.. S.TI,FlENG.T,I-II).
- ROTATING, GEAR (TDRQUE - SPEED'

CONTIFlOl) 'fEST M_ACHINES.
- SINGLE TDDTH IBENDING FATIGUE

TESTING.
- STATISTICAL PLANNING - A.NAl.¥SIS ..
_ W,ROUGHT STIEElS, SINTIERED

METALS, NON-METALLIC MAnS.
• CAD FACll.IrIIES FDR 1.0W CDST

SET-UP'.
• CUSTOM lEST MACHINE DESIGN.
• EXPERIENCED PERSONNEL.

COMP;Lr' FACTORY AUTHORIZE,D S!RVIIC- AND ~-IR'S
_'OR ALI--=

MAA&
.ZUIIRII'CHI

(@)-GiiilLl KOiJ
:Q.U!IPMNIT

_ THE ONILY FACTORY TRAINED ANID CERTlIFIED MAINTENANCE PERSONNEllNI AMERICA..

C THE ONLY FACTORY (O ..E.M.I' lIICENS'ED PARTS DISTRIBUTOR IN AMERICA.
e IRECALIBRATION ANID CERTIFICATION OF MEASURING DEVICES.

e COMPETITIVE RATES.

IFAX (70.8) ,8,10-9,8,99'

50211 Chose Avenue. Downers Grove, III 60.5115
CIRCLE .A-36i on READER IREP,LY 'CARD

Rates: Line Cl jticd. - per inch - $190
Classified Oisplay - per inch (3" min.)
~X·$I:50. 3X·$I40,6X·$130. Type. will be set
10 advertiser's, layout or Gear Technologywill
SCI.'~ at no, extra. c-barge.

Payment: Full ,payment must accompany
classified ads. Send check or VisalMast:ercardJ
American. Express number and. expiration date
10: ~QrTtchnol()gy, f.o.. 80111426, mt
Grove ViIlllge, n60009'.
A&eIKY Colllmhsion:: No agencycemmlssien
on.classifieds, -

M...a~eriaJs Dodllne: Ads must be received by
the 25th ofthe month, Iwo months prior '10
publication. AtcepbuK1e: Publisher reserve the
rigl1lllo ,lIccepl or rejeet classified !!dvc:l1i5e·
memsae his discretion.
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SAVE'TIME"
SPACE and MONEY
wi.th your paperwork! storaqe
Let us convert. your files to microfilm ..

veNA MicrofibningSeniices
35.24 W. Belmont Ave.

Chicago, IL 606]8
VCI'IA. is a oot.foq)fofit hIciIity helping the mentally disabledadull

509..1122
Mention this ad and get
500 Documents filmed

FREE with 2,000 documents,
film.ed ,at our regular low price,

Good for New Accounts .only

48 OU.II TECHNOLOGY

JUNE 11-13

SME Superabrasives 19 ECollfereooe & Exposition.
O'Hare Exposition Center/Hyatt Regency OHare,
Rosemont (Chicago) IL. See leading applications
for superabrasive, diamond. and cubic boron
nitride (CRN) products ever staged. For more in-
formation., contact: SME Event Public RelatiollS.
(313) 271.(f177.

JUNE. 24-27

AIAA. SAE. A~ME., A~EE Joint Propulsion Con-
ference. Sacramento. CA. Special Gear System
Technology Session. For more infonnation, con-
tact: Douglas A. Wagner, Allison Gas Ti:ubine, In-
dianapolis, IN. (3]7) 230-4170.

OC'f10BER 21-23, 1991

AGMA's Gear Expo '9'1. The World of Gearing.
Biennial trade show devoted exclusively to gear and
gearingproducts, Cobo Conference and Exhibition
Center, Detroit, ME.

AGMA Fall Tec~nical Meeting. Held in conjunc-
tion with Gear Expo '91. the conferesee will feature
gear experts from around the world presenting
technical. papers on a. wide range of gear-related
subjects. For more information on the show and
conference, contact: AGMA, 1500.KingSt., Suite
zor, Alexandria, VA 22314. PH (703)1 684..Q2U.

CALL FOR PAPERS - AGMA Fall Technical

Meeting ..Presenter'sscbedule ..
Jao. 4 - Abstracts due to AGMA Headquarters,
Feb.S - Authors, notified of selection.
May 3 - lst drafts due AGMA headquaners.
June 14 - Review comments remmedtoauthors.
Aug. 2 - Final papers due.
Contact 8ill Daniels at AGMA Headquarters for
more informatien.
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Mitsubishi
Shapes the World of Gears ...
What can MUsubishi do for you? Mit.subishi. can support
you in an fields of gear manufacturing technology
Mit.subishi builds gear hobbers gear shapers and geax
shavers. All CNC controlled ..Mitsubishi not only builds
gear machinery but also manufactures various kinds of
cutting tools. TiN coated gear hobs, shaping cutters and
shaving cutters. etc. With Mitsubishl, you can get a

single source hardware supply, engineering support
and responsibility. Look for
Mitsubishi, the world leader of gear
rnanulacnmng technology
For more information. can
(708) 860·4222, NOW! I

'SpK,;a.I·Pu'po5el G...r "'akJng Pfe(::I!iIQli
M.achl!"!tlTools Mactun.e'TooIS CuUlng Too,!:1

I
FNS CNCi!AU .. S C~'.ndtlC:1.l

arPn~nl

, MI'T'SUBISHII
.... HEAVY IIN'DUSTR,IES,. LTD.

5- t, Marunouchl .2-chome. Chiyooa·k-u. TokyO, Japan
Cable Address: IHISHhJU TOKYO

Mitsubishi IHeavy Indunies kmerica:, Inc.
1500 Michael Drive. Wood! Dale. IL. 60191 !Phone: (708),860-4220'

Mitsubishi Initemational Col'IKH'atiOnl
1500 Michael Drive. Wood Dale, IL 60191 Phone; (708).860-4222
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