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American Pfauter’s New CNC
Vertical Hobbing Machine...
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It’s a Pfauter...in stock and available
today with these outstanding
features...all standard!

4 GE FANUC Series 15 CNC, with
universal-menu programming to
fully automate setup B i\ ”"'U [EQ

A FANUC Digital AC servo drives PEZOO
on all 5 axes, as well as FANUC
nm1nprnu»»m—mn!mllu d hob
spindle drive system

oA Worktable with two-start double
worm and worm gear drive

4 Hob head with tangential slide,
including hydro-mechanical
clamping/unclamping of
hob head swivel

A Quick-change hob arbor
clamping, including hydro-
mechanical clamping attachment
for outboard bearing support

A Small footprint design, including
attached-tank hydraulic and
recirculating lube system

4 Built and supported by American
Pfauter, conveniently located in
Rockford, Illinois U.S.A.

1/

And much more!
Limited Partnership

For the gear hobber You ve alwa_\'s wanted, 1351 Windsor Road Phone: 815-282-3000
call (815) 282-3000 Loves Park, IL 61132-2698 U.S.A. Telefax: 815-282-3075
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Introduces...
Opti-Gash™ Hobs

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

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

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

Today’s high costs of operation
demand higher production rates

The Opti-Gash hob has been
developed to meet these demand-
ing and conflicting requirements.

Our engineers designed this hob
around a specific chip load and
created a tool having an optimum
number of gashes at a diameter
and length to suit the machine
capability and part requirement.
The result is a hob which will
produce a high degree of form
accuracy — and a machine cutting
load generating low-spindle
torques — producing as a conse-
quence the highest possible lead
and index accuracy.

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

Pfauter-Maag Cutting Tools

Limited Partnership

| (el [,

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

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

full part and machine data to your
local representative or contact

the PMCT sales engineer for
your area.

1351 Windsor Road, P.O. Box 2950, Loves Park, IL 61132-2950 USA
Telephone 815-877-8900 « FAX 815-877-0264
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This is how America gears
up for quality

Most of the universal CNC gear inspection systems sold in the
U.S. come from M&M Precision Systems. More than all our
competitors combined

Why?

Because M&M systems give you the strongest competitive
advantage

How?
Consider these three examples

Easier inspection

Once your part is on an M&M machine, the computer screen
prompts you to enter specifications, Then you tell it what fea
tures you want to analyze, and the machine insp: the part
The next time, all you do is enter the part number. It's that easy

More capability

You get true [not just theoretical] index, lead and involute testing

using interactive Generative Metrology techniques. The inspec

tion of blanks and cutting tools as well as gears. SPC and cutting

. LA tool software. And the ability to inspect gear surface finish, spiral
' bevel and hypoid gears, worms, involute scrolls, and male/female

\ helical rotor vanes

Better technical support and service

You'll get a choice of standard or custom engineered packages
with specific application software. And M&M programs are
always written in English to avoid problems with translations
or cultural differences. So you'll avoid clashes between your
American results approach and other countries’ process
dpproach

Get all the fast, free facts in the 12-page M&M QC Gear
Analyzers brochure. Circle the number below. Call 513/
859-8273. Or Fax 513/859-4452 today
And put your quality in gear
ME&M PRECISION
SYSTEMS

AN ACME-CLEVELAND COMPANY
CIRCLE A-10 on READER REPLY CARD
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* HIGH YOO

7&' western collectables ?E'

FINE COWBOY ARTIFACTS
bridles % buckles % horsehair
bits % books % belts % bolos
chaps * spurs % saddles

APPRAISALS

9929 Venice Blvd.
Los Angeles, CA Y0034

(310) 202-5010 BY APPOINTMENT

FAX G310 202-1340
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FORM-RELIEVED

MILLING
CUTTERS

For greater milling ¢

and longer too

Star form-reli

tools that will more than meet
your production requirements

We manufacture accurate unground
and precision multiple-thread and
special form-relieved milling
cutters, both uncoated and with
long wear-life coatings.

Star manufactures and supplies
hobs, form-relieved cutters,
pressure-coolant reamers,
gun drills, polycrystalline

Is,

™

234861 Industrial Park Drive » Farmington Hills, Ml 48335
313/474-8200 FAX 313/474-9518
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Are you
concerned
about noisy
gears?
Most likely
your
customers

are loo!
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u
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Or many years, gear
noise has continued to
plague the industry.
Today there is a
solution...the Kanzaki
Hard Gear Finishing
(HGF) Process. This
system will help reduce
noise by improving
geometric gear accuracy,
and most importantly —
surface finish.
Kanzaki...making the Ses s at

AGMA Show
world a quieter place. Booth #401

GMI-Kanzaki

6708 Ivandale Rd

P.0. Box 31038

Independence, OH 44131

Phone (216) 642-0230 FAX (216) 642-0231
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How do we
figure? Just
look at our
pie chart.

At H-!‘el
inding Time

t’s known that grinding is the most

expensive element in gear production.  Material

The hobbing process is much less
costly. And when a carbide skiving hob
is used, minimal or even no grinding
may be necessary.

Imagine what this elimination or
significant reduction in grinding time
will do for production schedules?
Imagine what it will do for profitability!

In addition, the skiving process can be
performed on a conventional hobbing
machine. The guality of the operation
and life of the hob is a result of machine
rigidity, stability and quality of the
carbide hob.

Your success is dependent on quality
tooling. Settle for nothing less than
GMI-FHUSA. We'll be happy to
demonstrate how carbide skiving
hobs can revolutionize your aperation...
and substantially reduce expensive
grinding time!

GMI-FHUSA gives you the edge to emerge as a major player in a world economy.

GMI-FHUSA

6708 Ivandale Rd.

P.0. Box 31038

Independence, OH 44131

Phone (216) 642-0230 FAX (216) 642-0231
CIRCLE A-6 on READER REPLY CARD
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36%
Grinding
of Profile

GMI-FHUSA

At the Cutting Edge!



The Limits of th_e
Computer Revolution

n this issue of Gear Technology, we
are focusing on using computers o
their greatest advantage in gear de-
sign and manufacturing. In a sense,
that’s old news. It's a cliché to suggest
that computers make our work life
easier and more productive. No com-
pany that wishes to remain competitive
in today’s global manufacturing envi-
ronment can afford to be without com-
puters in all their manifestations. We
need them in the office; we need them
next to our desks in place of drafting
boards; we need them on the shop floor.
The challenge is no longer to inte-
grate the computer into our work lives,
but to keep up with the technical ad-
vances in computing that seem to come
along faster than we can absorb them.
Sometimes it seems as though we have
to keep running faster and faster just to
keep even. But in the end. the effort
always seems worth it. The new tech-
nology makes possible operations that
previously were impractical, too ex-
pensive, or simply not doable. It opens
doors that once were firmly locked.
In this issue alone, we cover com-
puter software that will help make de-
sign decisions, assess the possibility
for reusing old tooling, and even train
the computer to begin to “think™ like an
engineer. That's pretty exciting stuff.
While acknowledging the scope
of this kind of progress and the justi-

fiable excitement about it, I'd like to

raise a small, cautionary
note. In our eagerness io
embrace the latest and
greatest in computer technology, let’s
remember that the best computer hard-
ware and software in the world is still
no substitute for solid engineering
training and experience. A computer
is still only as good as the people who
work with it, and it cannot pluck a
gear design from air. Someone who
knows what good gear designis has to
tell that to the computer before it can
begin its analysis.

An instructive analogy can be
drawn from the world of publishing. In
the last five years, computerized pub-
lishing has literally revolutionized the
way that printed material is produced.
Skills like typesetting and designing,
that were the product of years of train-
ing, are suddenly available in a soft-
ware package for less than $500. Pro-
grams are now available that will lay
out the pages of a magazine in hours, a
process that used to take days of te-
dious hand work by a person trained in
art and design. If one believes the ads
and the literature, for less than $10,000
you to can purchase “everything you
need” to do your own magazine, ad-
vertisements, or newsletter.

Well, yes and no. The desktop pub-
lishing lesson that many companies have
learned to their sorrow is that buying

the latest hardware and software and

PUBLISHER'S PAGE

There is still no substitute
for a solid engineering
education and experience
in the field.
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BY NAGA

The answer for your
most demanding
gear applications.

For today’s tighter specs, conventional
gear manufacturing methods just
don't cut it

Niagara Gear does.

As ground gear specialists, we use

the latest grinding wheel technologies

and all electronic Reishauer gear

grinders to meet even the most

demanding close-tolerance gear

requirements.

Our ground spur and helical gears

give you:

* Over 30% more load capacity than
commercial quality gears

* Higher gear quality—up to AGMA
Class 15 with crowning

* Quieter operation
* Uniform tooth profiles

* Less scrap, no hand sorting and
lower cost

More than 80% of our customers are
Fortune 500 companies. Let us quote
on your next gear requirement and
you'll see why.

FAX: (716) 874-9003

941 Military Road » Buffalo, NY 14217
TEL: (716) 874-3131

NIAGARA

= .’ GROUND GEAR
: SPECIALISTS
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investing in a training course about it
does not make your secretary a de-
signer or a writer. A software package
may enable someone to lay out the
pages of a newsletter on the computer,
but it doesn’t teach that someone any-
thing about design, use of typefaces,
balance, or any of the other things that
go into making an attractive, readable
printed piece. Page design software in
the hands of the unskilled just lays out
ugly pages very quickly and efficiently.
Any editor can tell you that you trust
the spellchecker on your word proces-
sor to catch all the errors at your peril,
and that the program has yet to be
written that grasps the
subtleties of English
grammar and syntax.

The lesson for gear engineers is
clear. There is still no substitute for a
solid engineering education and expe-
rience in the field. If we allow our-
selves to fall into the habit of trusting
the computer to provide all our design
solutions, we overlook all the answers
that fall outside the parameters for
which the computer has been pro-
grammed. Until the computer is built
and programmed that can take all of an
engineer's training, experience, and
intuition, and apply them to problems
in unique ways that have never been
tried before, engineers will still need
to think beyond the limits of what a
computer can analyze.

One of the great blessings of the
computer is the freedom it gives: The
freedom from tedious, repetitive work;
the freedom to multiply the number of
possible solutions to a problem: the
freedom to ask, “what would happen
if.” and eliminate bad answers with
the touch of a delete key. The other
side of the coin is the danger of giving
away our freedom by depending too
heavily on the computer. I we allow
ourselves to be awed by what the com-
puter can do so much faster and more
efficiently than we can, we forget the
many more things the computer can’t

do at all. If we allow ourselves to

become dependent on the computer for
all our answers, we give away the very
freedom the computer gives us.

A wise man once defined educa-
tion as being able to differentiate be-
tween what you do know and what you
don’t... knowing where to go to find
out what you need to know... and know-
ing how to use the information once
you get it. These are still the responsi-
bility of the engineer. These are the
things the computer cannot do for us.
This kind of knowledge is acquired
only by experience and hard work; by
cracking the books; working out the

calculations (with or without a com-

PUBLISHER'S PAGE

puter): watching the machinery work

in the field — and sometimes watch-
ing it fail and then tearing it down to
see why — by trusting your instincts
informed by your past experience; by
allowing a spark of inspiration to flare
and see what it lights up.

The sum of all these parts is what
makes a good engineer. A good com-
puter system can help hone them, make
them more efficient. What it cannot do
is substitute for them.

None of us has the option of sign-
ing on for the computer revolution.
We've been drafted. And none of us
would want to give up our computers
any more than we'd want to go back
to the days prior to the industrial
revolution. Butlet’s not be deceived:
Computers have freed us from the
tedious and repetitive tasks only to
make us available for the infinitely
harder and more challenging work of

being good, creative engineers.

Michael Goldstein,
Publisher/Editor-in-Chief
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Deburring Solutions from arnes
ENGINEERING

REVOLUTIONARY NEW TECHNOLOGY

962 ADS

AUTOMATIC DEBURRING SYSTEM

o P A 4 \

. vie B F l ion Hiah Vol A te . & I* :-"u'. I - | 'T“!' . _ .‘ ~
e Consumable Cost As Little As 2¢ Per Part '

O\-’er two years of intense development has been spent on the revolutionary 962 ADS System.
New Technology (Pat. Pend.) has been developed to allow precision high volume deburring
automatically. No operator is needed except to replenish the tool reservoir after approximately
26,000 parts have been deburred. Reloading tool system takes only a few minutes. Computer

controls feature a self diagnostic system, a part process monitoring and CIM communications.

James Engineering ¢ 4732 Pearl Street * Boulder, CO 80301 + (303) 444-6337 » Fax (303) 444-6561
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Delivering The Goods

A good freight forwarder can help you with the important
business of getting your goods from here to there,
when “there” is overseas.

ne of the key ques- :
tions to be answered :
when exporting is :

how you are going :

to get your product to your
customer. All the time, ef-

fort, and money you’ve spent :

to make a sale in the first

place can be wasted if the °
shipment is late, damaged, :
or lost, or if delivery be- :

comes an expensive bureau-

cratic nightmare for either :

you or the buyer.

Efficient and affordable
shipping is also an impor- :
tant marketing tool, all the :
more so when exporting.

Being able to guarantee de- :

livery under certain terms

and conditions can make the :

difference between a sale :

and a “no thanks.” And

money saved or spent in :

shipping is bound to impact :
EEEEEENEEEEEEEEEEEEEEEEEEEEEEN ‘ “i.'(.'."- 'd” over [hq_‘ L'UU.IN.F)'.
. 1 :

. says, “I've never heard of a

Being able to provide your customer
with efficient and affordable
shipping is an important marketing tool.
Being able to guarantee delivery under
certain terms and conditions can
make the difference between a
sale and a “no thanks.”

Nancy Bartels

your bottom line,

It is, of course, possible :
to handle all the nuances of :
overseas shipping on your
: own, but the process is time- :
consuming and, to the un-
trained, full of pitfalls; and
: correcting mistakes in de- :
livery overseas is twice as
complicated as doing it here.
Especially for the newcomer :
 toexporting, leaving the im-
portant business of getting :
. your product from here to :
there may best be left in the

hands of an expert — a :

freight forwarder.
Call Early and Often

Because terms and con- :
ditions of delivery can be
important negotiating points
in an overseas deal and be- :
. cause knowing up front how

important to pricing, get :

GEMENT MATTERS

your freight forwarder in-
volved early in your export

shouldn’t cost you a cent.
Mr. Henry Gayheart,

branch manager of Wilson

warding company with of-

- freight forwarder whois not
: eager to give information
. out for free. They wouldn’t
: even think of charging for
- giving advice to a new ex-
: porter. Call or visit their of-
: fice and ask the questions

: you need to ask.”

These questions should

* include the kind of docu-

: Managing a business
: today is hard work. Let

plans. h‘j.m.“;l h;ld idcudlu "Management Mat-
go to a freight forwarder :
: even before you've made ters” lend ahand. Tell
. your first overseas deal, just us what management
‘1o learn the ground rules. : Matters interest you.

And this initial research : Write to us at P.0. Box
: 1426, Elk Grove, IL
: 60009, or call our staff

: at (708) 437-6604.

much shipping will cost is ;| UTC Chicago, a freight for-

Henry Gayheart

is branch manager of Wil-
son UTC Chicago, IL.
Wilson UTC is a freight

Sforwarding company with

aoffices thoughout the
United States.
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mentation needed in vari- @
ous countries, special regu-
lations that might apply, :
advice about packaging and
means of transportation, :
kinds of insurance, com-
parative costs, required in-
spections, and anything :
else you might need loé
know about shipping over-
: the cargo after that, paying :
for all shipping, insurance,
customs charges, etc. The :

seas. Later, when you've

chosen a forwarder, youg
will be charged on a per :
transaction basis. Costs -
will generally run between
$75-$125 per transaction, :
the one responsible for the :

depending on location.
Defining Your Terms

Another subject you :
may wish to discuss with
your freight forwarderearly
in the export process is “in- :
coterms.” This is the spe-
cial language of overseas

shipping — one thatit's im-
portant for you to know be-

cause it will impact on how :
successful your export op-
eration will be and also be-
cause it will help you and :
your freight forwarder de-
must know what terms you

fine your (and, therefore,

his) responsibility for par- :

ticular shipments.

Incoterms define wheth-
er you or the buyer will as- :
sume shipping costs and the
conditions under which :
title to the goods will be :
transferred. They also de- :
fine whether you or the :
buyer is responsible when
Chamber of Commerce.

goods are lost or damaged.

Incoterms provide a com- :
mon language for you, your :
customer, and your freight :

forwarder, so each of you

knows precisely what has
been agreed to, thus cut- :
ting down on possible dis- :
agreements among you :

Iz GEAR TECHNOLDGY

about who is responsible
for what.

Incoterms cover all the
possible combinations of re-
sponsibility. You may sell

your goods “ex-works™ or
“ex-factory.” In that case,
the buyer takes delivery off :
the edge of your loading
dock. He is responsible for

other extreme is “delivered :
duty paid.” If you agree to :
this arrangement, you are :

goods until the point when :
they are placed on the :

buyer’s dock.

Most sales fall some- :
where between these two :
extremes. You should be fa- :
miliar with the possible :
: choices because they will :
have animpacton your pric- :
ing and other marketing :
strategies, They canbecome :
important negotiation points :

in an overseas deal.

Your freight forwarder :

have agreed to because :
: they will certainly affect :
the way he arranges for :
vour goods to be deliv- :
ered. Copies of Incoterms :
90, the most recent revi- :
sion, and The Guide to
Incoterms, a companion :

volume,

from the International :

Choosing the Right
Forwarder

Because the freight for- :
+ warder is such an important :
part of your export team, :
choose one carefully. Be- :
gin by getting some recom- :
mendations. Major steam- :

. ship companies or interna- :
tional airlines will often
: give the names and num- :
bers of several forwarders
. with whom they work regu- :
larly. Or ask others who :
ship regularly overseas
. trol it at all points? Can he

whom they use.

Then look at the diver-
sity of the company's op- :

eration. Gayheart phrases
the question this way: “Does
this company have the abil-
ity to handle the transport

: of my products from my door

to my customer’s door all
the way through and con-

control the movement of
the cargo so that it doesn't

are available :

MANAGEMENT MATTERS

EEFEREEEEEEEEEEEEEERRNREEEEEED
Common Incoterms

Free Carrier (at a named port) — In this ar-
rangement, the title to the cargo is transferred
when itis loaded on a ship at the named port.
As seller you must pay for getting the goods
there and any inland freight, containerization,
and loading charges, and you must provide
the buyer with a clean bill of lading.

FOB Airport — You must deliver the shipment
to the airline at the specified airport. At that
point title transfers to the buyer.

Free Along Ship (FAS) — You are responsible
for all costs to get the shipment alongside the
carrier vessel. The buyer is responsible for
clearing them for export and loading them.

Cost and Freight — You pay to get the ship-
mentto the named port; the customer assumes
the risk for loss when the goods are delivered
to a named carrier at the port.

Cost, Insurance, and Freight — You are re-
sponsible for all C&F costs, plus insurance.
Title belongs to the buyer once the shipment
is delivered to the named port.




sit someplace, and can he be :

responsible for it at all
times? It is rare that a ship-

ment will require that kind :

of complete control, butit’s
a good test of a freight for-
warder because it shows
how deep they are. how
much investment they have
both here and abroad. It"s an

indicator of the forwarder’s

ability and experience.
“You want a forwarder

who can say to a shipping :

company, ‘I want you to

handle these ten cartons :

the same way you handle :

the other 10,000 I send you

every year. | want special :
handling, and 1 want to :
know where this shipment :

is at all times.’

“Youalso want one with :

the ability to change gears :

quickly.

change your instructions :

from, say, shipping by ocean :

to air because a customer

needs delivery in a hurry,

you want the freight for-
warder to be able to say, :

‘No problem.” ™
Another important crite-

rioninselecting a forwarder :

is financial strength. Freight :

forwarders must be li-
censed by the Federal

Maritime Commission, but :
that license is not difficult :

to get, and it alone is no
guarantee that a company

is reliable. Says Gayheart, :
“When you ship with a :
freight forwarder, you want :

to ship with someone who :

has been around for a while
and also is going to be

around in the future.
You're building a relation-
ship that you want to last. :
As your export business in- :

If you need to :

creases, you want this for-

. warder to be there for you

: the whole time.™”

The third important

::lhing to look for in a
. freight forwarder is per-
sonnel. Check employee
turnover rate. Ideally, the
. forwarder will assign one
persnn(tm your account,

and you will work with

: him or her exclusively,
“You don’t want someone

who’s only going to be

. there long enough to learn

your special needs and then

be gone, leaving you to start

. over,” says Gayheart.

He adds, "You don't
want to work with a com-

pany that doesn’t take care

. of its people, where people

have a bad attitude toward
management. and, there-
fore, a bad attitude toward
their customers. You want

people that are respected

: and held in high regard in
¢ the industry. [Freight for-

warding] is a people to
people transaction. Freight

. forwarders don’t normally
. own trucks, aircraft, or ves-

sels. They are people who

are making telephone

: calls, going out and look-
: ing at cargo, giving ad-

vice, telling other people
what to do. The most im-

. portant thing about freight

. forwarding is really com-

munication.”
Communication Is
Everything
If, “the economy,” was

: the president’s watchword
© during the campaign, yours

should be

tion,” when dealing with

“communica-

your freight forwarder. Says

Gayheart, “The first thing a

QUALITY
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customer should have is a :
clear knowledge of what he :
wants the freight forwarder
to do and what the freight :
forwarder's responsibility :
is. There has to be a clear
understanding of what the :
trading terms are, at what :
point the importer’s respon-
: for, which is the money.

sibilities begin, etc.”

The medium for this :
communication is the trans- :
mittal letter. It should con- *

only the first of a whole :
pile of documents that lie :
at the heart of any overseas
transaction. Gayheart says,
“These documents assure :
the buyer that he gets what
he's contracted to get. They :

help assure the seller that
he gets what he contracted

that his cargo is handled
properly, so that his cus- :

MANAGEMENT MATTERS

-..IIlIIIIII.IIIIII.I......IIIE
tain your detailed and pre- ;
cise instructions to the
freight forwarder. It should
tell your forwarder where :
the shipmentis, when itisto
be moved, how, where it's
going, when it has to be :
there, who's picking it up
from your dock, whether you :
want it sent air or ocean
freight, and anything else
that’s pertinent. In short, :
this letter should explain in
detail exactly what ynué
want to happen to your ship- :
ment, The clearer and more
detailed this letter is, the
fewer hassles will occur :

along the way.
Getting Your Papers
in Order

The transmittal letter is :

14 GEAR TECHNOLODGY

“Freight forwarding is a people-to-people
transaction. Forwarders don’t own
trucks, aircraft, or ships. They are

people making phone calls, going out and

looking at cargo, giving advice... The most
important thing about freight
forwarding is really communication.”

tomer is satisfied and per- :

haps re-orders.”

He underlines their im- :
portance by adding, “The :
movement and flow of the
documents is what makes :
the cargo move from point :
to point. The cargo does :
not move unless the docu-
: whether ornot you can live :

Among the documents
that will be required to move

ments move.”

your cargo are;

The commercial invoice.
This is the basic document *
in any overseas transac-
tion, and a copy of it needs :
to go to your freight for- :
: It contains lheé
. terms of the sale, who is :
: paying for what part of
the shipping, insurance, :

warder.

: will
credit. A letter of credit is
: important because it guar- :
They also assure the seller :

duties, and fees, and the :
basic details about the :
cargo, the number of pack-
ages, the weights, dimen- :

sions, elc,

The letter of credit. :
Many overseas transactions :

antees the one thing that
you as the seller want to be
sure of — that you're going :
! tobe paid for this merchan-
dise. On the other side, the :
: buyer will want certain © gotiable instrument which
SN AN NN EE SN NN NN EEEEEEEEE guarantees as well, which
: will also appear in the let- :
. ter of credit.
Gayheart explains, “A
: buyer may say, ‘I'll guar- :
: antee payment, but I also :
. want to guarantee the
. quality of the goods, the :
¢ date of delivery, and their
: condition.” The letter nf'f
: credit may dictate the :
: mode of transportation,
the type of packaging, :

certain inspections.”

If your transaction in-
volves a letter of credit, :
be sure your forwarder
gets a copy of it well be-
fore the shipping date. :
Says Gayheart, “Your for-
warder will go through the
letter and advise you as to :

up to your side of this bar- :
gain. For example, it's
common to have language
in the letter of credit that :
says, ‘no transshipments.’
But it may very well be :
that you can't get this prod- :
uct to its destination with-
out transshipping it, so :
your forwarder can advise *
you to have this language
. game of the '90s. B

taken out.

involve a letter of :

“He or she can also ad-
vise you about packaging,
inspections, or other stipu-
lations in the letter of credit.

- The forwarder needs to

know all these things, so
arrangements can be made
to provide for them.”

The bill of lading. This
is a crucial document be-
cause it is a receipt for the
cargo as well as a contract
for transportation between
you, the shipper, and the
carrier. It may also be a ne-

transfers title to the goods.
In that case, whoever owns

© the original bill of lading

owns the goods.
Miscellaneous docu-
ments. Numerous other
documents need to accom-
pany or precede your ship-
ment to its destination.
These papersinclude vari-
ous export licenses, pack-
ing lists, dock receipts, in-
surance certificates, and

: clearances. Your freight

forwarder will help you
gather these together and
see to it that they are in
the right place at the right
time for your shipment to
proceed smoothly.
Getting your goods
from Point A to Point B on
time, in good condition,
and at an affordable price
is the name of the game
in successful exporting.
Choosing a good freight
forwarder, communicating
your needs to him clearly,
and listening to his or her
advice are key steps in a
winning strategy that will
put your company among
the winners in this global
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Practical Optimization
of Helical Gears Using
Computer Software

Rodrigo Lopez Sansalvador & Juan Carlos Jauregui C.
Centro de Investigacion y Asistencia
Técnica del Estado de Querétaro A.C.

Summary

The aim of this article is to show a practical
procedure for designing optimum helical gears.
The optimization procedure is adapted to tech-
nical limitations, and it is focused on real-
world cases. To emphasize the applicability of
the procedure presented here, the most com-
mon optimization techniques are described. Af-
terwards, a description of some of the functions
to be optimized is given, limiting parameters
and restrictions are defined, and, finally, a
graphic method is described.

Introduction

Before defining optimization techniques and
optimum gear design, it is necessary to intro-
duce certain concepts. Any mechanical system,
in this case a gear set, can be represented by a
model where all the physical properties are
approximately reproduced. And in most cases,
the system model can be expressed as a math-
ematical model.

A mathematical model is a model that rep-
resents asystem by mathematical relationships,
and it can be divided into system variables,
system parameters, system constraints, and
mathematical relations.

A mechanical system can be modelled for two
reasons. The first is to evaluate or analyze its
behavior. The second reason is to obtain a design.
A design is defined by its geometric configura-
tion, the materials used, and the task it performs.

In most cases, there is more than one solu-

tion when designing a mechanical system.

Therefore, a criterion for selecting the “best
solution™ must be established.

A design can be modified to generate differ-
ent alternatives, and the purpose of the study is
to define a criterion for evaluating alternatives
and choosing the best one. Cost has to be
related to another quantity easier to evaluate.
An evaluation model that includes an evalua-
tion criterion is a decision-making model, called
an optimization model.

The design procedure has four steps:

1. Recognition of a need,

2. Statement of the problem,

3. Creation of alternative solutions,
4. Selection of alternatives.

Searching for the optimum solution is a
technique that can become very cumbersome,
but basically it can be described as follows:

1. The selection of a set of variables to
describe the design alternatives:

2. The selection of an objective expressed
in terms of the design variables, which should
be minimized or maximized;

3. The determination of a set of constraints,
expressed in terms of the design variables,
which must be satisfied by any design.

A summary of the formal mathematical
treatment of the optimization procedure is
related next.

Mathematical Definition of Optimization
Assume that the design variables are named

Xy X,..x . and that they can be arranged into

a vector x. It is also assumed that the design

X




variables are real numbers. The objective of the
optimization has to be expressed as a function f{x)
of the design variables. The constraints are clas-
sified as equality and inequality constraints. They
also have to be functions of x. Therefore, the
constraints of the design must be expressed as:

h(x) = 0 for equality constraints

g(x) < 0 for inequality constraints

Resuming the optimization problem, it can

be stated as:
Min fix) over x
subject to
h(x)=0, and g(x) <0
where h and g are vectors representing several
constraint functions.

There are some cases where the designer
wants 1o satisfy more than one optimization
function. One alternative is to combine the indi-
vidual optimization function into a global func-
tion if possible. The otheralternative is to formu-
late the optimization problem as

min F(x) = wf,(X) + w,/,(X) + ... + w f, (X)
with

Wt w,+ L +w =1

But this alternative may lead to an erroneous
solution, since the weighting values are selected
in a subjective manner.

Depending on each particular optimization
problem, there will be a mathematical solution
for the proposed model. To prove that the
model has a mathematical solution, several
aspects can be formulated. These concepts
will be extended when explaining the graphi-
cal optimization method.

1. Solution Domain. It is the isolated region
within the space solution defined by the x
variables. The boundaries of the solution do-
main are the inequality constraints. Any point
inside the isolated region represents a solution
for the design problem, but only one must be
selected as the optimum.

2. Boundaries. They are represented by the
equality values of the inequality constraints g(x).
The absence of proper bounds may cause a
serious problem. In many cases, the solution is
found at the boundaries of the solution domain,

3. Monotony. This is a property of certain
functions that for an increment of the indepen-
dent variables, x produces an increment or dec-
rement of the function. This property can be
exploited because it can be proved that in a
monotonic function bounded by a constraint, the
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optimum is always at the boundaries.
It is very important to point out that the
design functions of gear sets behave monotoni-
cally. Examples of this behavior are shown in
Figs. 1-3 where the contact ratio is plotted against
pressure angle, pinion teeth number, and helix
angle. If the objective function is the contact
ratio, and the independent variable is the helix - :
R : . Dr.Rodrigo Lopez
angle, from Fig. 3 it can be said that the opti-
Sansalvador

mum is at the upper value of the helix angle.

Graphical Optimization Technique

for Helical Gears

In previous sections, the optimum design of
mechanical systems has been briefly defined,
but little has been said regarding optimum gear
design. Optimum gear design is a subject that
has awakened the interest of engineers around
the world, and many papers and articles have
been published regarding this subject. Opti-
mum gear design has the particularity that each
problem has different objective functions, con-
straints, and parameters; thus, it is not possible
to define a unique procedure for designing
optimum gears,
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A more general way of searching for the
optimum was studied, and a simpler optimiza-
tion technique was developed. The algorithms
specially developed for optimum design, such
as the Reduced Gradient Method, the Gradient
Projection Method, Box’s Method, Johnson's
Method,!"? etc., can be very difficult to apply
because of the complexity of the mathematical
model for gear design. The technique presented
here is based on

1. Definition of the objective function based
on real needs,

2. Definition of the gear design variables
and parameters,

3. Identification of the design constraints,

4. Construction of the solution domain with
gear design software instead of by construct-
ing the mathematical model with an optimiza-
tion program.

5. Graphical representation of the solution
design region and conduct of a search for the
optimum point. Once the graphical representa-
tion of the solution domain is obtained, the
location of the optimum is very simple.

The idea of a graphical solution is simple and
easy to handle. First of all, the solution domain
is all known, and the selection of the boundaries
(constraints) and objective functions can be
reordinated using a general purpose graphics
program. The optimization can be conducted
with one or two independent variables (optimi-
zation with more independent variables can be
obtained by grouping the variables in pairs,
leaving the rest of them as parameters).

Objective Function. In optimum gear design,
the objective function can be a single function or
several functions, depending on each applica-
tion and each particular case. For instance, the
objective function that seems to be most logical
is cost. But cost is affected by different param-
eters, and the engineering definition of cost can
be expressed in different ways. For example, an
objective function will be to reduce the manu-
facturing cost. This can be achieved by design-
ing a gear set modifying only the helix angle:
therefore, the manufacturing cost will depend
only on the settings of the cutting machine. Or
the solution will depend not only on the helix
angle, but on the teeth number, speed ratio,
materials, heat treatment, etc., and the optimiza-
tion will be more complex.

The definition of the objective function is

the starting point of the optimization, and it has
to be identified as precisely as possible, in order
to reduce time-consuming calculations and
problem statements, In the automobile indus-
try, for example, objective functions might be
described as noise and perhaps cost. Therefore,
the mathematical model for the optimization
problem will be more complex.

The relation between the objective function
and the mathematical model is determined based
on the designer's judgment and experience.
Some of these relationships are:

Cost > Teeth Number, Face Width, Cutting
Machine Settings, Surface Finishing, etc.

Noise > Contact Ratio, Teeth Number, etc.

Independent Variables and Parameters. The
list of variables for designing a gear set is very
large. In the examples presented in this article,
the independent variables are pinion teeth num-
ber, helix angle, and pressure angle. The depen-
dent variables are pinion and gear pitting and
bending stresses, contactratio, length of action,
tangential velocity, critical scoring number,
and/or speed ratio and center distance. The
parameters are material properties, transmitted
power, design factors (stress multipliers)
AGMA quality level, and/or speed ratio and
center distance.

Constraints. Constraints are variables that
define the boundaries of the solution domain,
and almost any solution of an optimum gear
design lies in a boundary. Typical constraints
are the minimum life due to bending or pitting
stresses, the maximum allowable scoring num-
ber, the minimum contact ratio, the AGMA
quality level, etc.

Solution Domain. Once the independent
and dependent variables and the parameters are
determined, and the constraints are defined, the
solution domain can be constructed by storing
all the calculations performed with a design
software into a database. The data can be ar-
ranged for producing plots of the solution do-
main. Fig. 4 shows an example of a solution
domain. Then a 3D plot of the behavior of the
objective function can be obtained, as shown in
Fig. 5. In this example, the objective function is
the maximization of the pinion bending life,
and the optimum is located at the intersection of
the maximum pressure angle and the minimum
contact ratio limit. Fig. 6 shows another ex-
ample where the independent variables are the



pinion teeth number and the pressure angle,
and the objective function is the contact ratio.

Searching the Optimum. After the solution
domain is defined and the database is filled in,
the identification of the optimum is a quite
simple task. First, define the objective func-
tion within the dependent variables. Second,
select up to two independent variables for
generating the plots. Plot the optimization
function with respect to the independent vari-
ables. The optimum can be located directly
from the plot. If the database is large, the data
can be analyzed by blocks of information; in
other words, by isolating small regions of the
solution domain.

If the gear design problem was defined
with more than two independent variables,
the former procedure can be used by isolating
two of the independent variables, keeping the
rest of them as parameters, and locating the
optimum for the reduced solution domain.
Then with the two independent variables that
define the optimum as parameters, repeat the
search using another two variables, and so on
This procedure may seem quite complicated,
but with a general purpose database program,
it is simplified.

Example 1. The definition of the problem is
as follows:

Objective function — Maximize the con-
tact ratio for a minimum cost.

In this case, cost is related to those parameters
that can be modified without affecting the pro-
duction cost. The helix angle, for instance, has to
be set up on the cutting machine, therefore, a
modification on its value affects the characteris-
tics of the design without modifying the cost of
the gear. Therefore, only two independent vari-
ables are selected: helix and pressure angles.

According to the designer’s criterion and
application of the design, the parameters must be
established. For this example, the parameters are

Speed ratio 2
Normal Diametral Pitch 10
Pinion Teeth Number 40
Face Width 2.6
Addendum Proportions Normal
AGMA Quality Level 10

Material Properties = BHN = 180
Sat = 25,000 psi
Sac = 85,000 psi
E=30X 10°

Solution Domain

Objective
Function

Pressure Angle

Fig. 4

Variation of Pinion Bending Life

Life in
Cycles
Helix Angle
S 9
17 150 3 6
Fig. 5
Variation of Contact Ratio
- T -
Contact Ratio
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05 H|!
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Fig. 6
6
F5  Contact
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3
2
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. 0
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Fig. 7
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Pressure Angle

Fig. 8

Variation of Gear Bending Life
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Eliminating the parameters from the design
functions, the dependent variables are obtained:
Center distance, gear teeth number, pitting
stress, bending stress, scoring number, pitting
life, bending life.

The constraints are defined by the designer,
and the limiting values are imposed from each
particular application. In this case, the inequal-
ity constraints are

Critical Scoring Number < 20,000
Contact Ratio 1.2

Bending Life > 1 X 107

Pitting Life > 1 X 107

Helix Angle 45°

14.5° < Pressure Angle < 28°

The equality constraints are all the appli-
cation factors for calculating pitting and bend-
ing stresses. [t is important to point out that
the stress is not limited to the allowable
material stresses. Instead, the life is limited
to a minimum value.

All the possible solutions were calculated
with gear design software, and they were stored
into a general purpose graphics program. The
program generates plots of the calculated vari-
ables. The results were plotted as shown in
Figs. 7, 8, and 9. Fig. 7 shows the variation of
the contact ratio as a function of the indepen-
dent variables. This can be seen the solution
domain and the location of the optimum. From
this figure, it can be stated that the optimum is
found at the point where the helix angle equals
45° and the pressure angle equals 15°.

Figs. 8 and 9 show the behavior of gear
bending life and pinion pitting life. At this
point, the designer must take into consideration
the particular application of the gear set. If the
failure criterion is pitting, then the optimum
will be the point with maximum contact ratio, If
the failure criterion is bending, then the opti-
mum will be at the point the helix angle equals
30°, and the pressure angle equals 28°. If the
design must satisfy both criteria, the designer
should select the most restrictive solution.

Example 2. The definition of the problem is
as follows:

Objective function — Maximize the contact
ratio and bending life. In this case, instead of the
pressure angle, the influence of the pinion teeth
number is studied.

Independent Variables — helix angle and
teeth number. The design definition is about the



same as in Example 1.
The parameters are:

Speed ratio 2
Normal Diametral Pitch 10
Pressure Angle 20°
Face Width 2.6

Addendum Proportions Normal
AGMA Quality Level 10

Material Properties BHN = 180
Sat = 25,000 psi
Sac = 85,000 psi
E =30x 10°

Eliminating the parameters from the design func-
tions, the dependent variables are obtained:
Depen N
Center Distance
Gear Teeth Number
Pitting Stress
Bending Stress
Scoring Number
Pitting Life
Bending Life

The constraints are defined by the designer,
and the limiting values are imposed from each
particularapplication. In this case, the inequality
constraints are:

Critical Scoring Number < 20,000
Contact Ratio > 1.2
Bending Life > 1 x 107
Pitting Life 1 x 107
Helix Angle < 30°
Pinion Teeth Number > 6

The equality constraints are the same as in
Example 1.

The solution domain was calculated with a
gear design software program, and all the
data were stored into a general purpose graph-
ics program, The results were plotted as shown
in Figs. 10-12. Fig. 10 shows the variation of
the contact ratio as a function of the indepen-
dent variables. The solution domain is seen,
and the optimum is located along the line for
the value of helix angle equal to 30° The
objective function was the contact ratio and
the bending life, Therefore, the behavior of
bending life is plotted in Fig. 11, and the
optimum value is located at the point the helix
angle equals 30° and 34 teeth. To verify that
this solution is in agreement with the pitting
life, Fig. 12 shows the behavior of pitting life.
From this figure, it is verified that the opti-

Variation of Pinion Pitting Life

Fig. 12 2% 0

T 1,000.000,000

Life in Cycles

100,000,000

10,000,000

Helix Angle

mum lies at an allowable solution.
Conclusions

A simple procedure for optimum gear design
was presented. The procedure is adjustable for
the optimization of any combination of objec-
tive functions, and it allows the designer to
impose actual restrictions. Besides, it is not
necessary to have a deep understanding of
complicted optimization techniques. Also, this
procedure does not require special optimization
programs. Any gear design optimization prob-
fem can be solved by generating with a gear
design software plots of the solution domain.
The location of the optimum is simple, and it can
be determined visually from the plot or review-
ing the data,

Graphical optimization gives an overview of
the entire problem and allows the designer to
identify the optimum solution without compli-

cated interpretation of the results. ll
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Computerized

Recycling of Used
Gear Shaver Cutters

Harlan Van Gerpen and C. Kent Reece
Van Gerpen - Reece Engineering,
Cedar Falls, IA

Most gear cutting shops have shelves full of
expensive tooling used in the past for cutting
gears which are no longer in production. It is
anticipated that these cutters will be used again
in the future. While this may take place if the
cutters are “standard,” and the gears to be cut are
“standard,” most of the design work done today
involves high pressure angle gears for strength,
or designs for high contact ratio to reduce noise.
The re-use of a cutter under these conditions
requires a tedious mathematical analysis, which
is no problem if a computer with the right soft-
ware is available. This article describes a com-
puterized graphical display which provides a
quick analysis of the potential for the re-use of
shaving cutters stored in a computer file.

Shaving cutters are very expensive and their
re-use offers considerable savings. Other ben-
efits are the reduced inventory of cutters and
minimum delay in gear processing if some way
can be found to evaluate these cutters’ potential
for re-use. Computer software is available to
facilitate the search of existing cutters to learn if
any are useable as is, or if they can be modified
to be used. Every cutter is a candidate for being

Shaver Outside
Radius Limits

Gear Fillet
Blend
Limits

Fig. 1

selected. An obsolete cutter may be useable or
possibly modified to become useable. An exist-
ing active cutter may be modified, and after
meeting an immediate need, be returned to its
assigned activity by being resharpened to its
original curve, This will sacrifice some of the
life of the cutter, but may be justified to mini-
mize the delay of producing parts or the cost of
purchasing a new shaver.

For a shaving cutter to be useable, it must
have the right base pitch, hand, and the proper
helix angle to provide good shaving action. It is
not obvious if the tooth length will permit shav-
ing to the proper point in the fillet of the gear. If
the tooth is too long, it will interfere in the root
of the gear. If it is too short, it may not shave in
the area where the mating gear tooth tip will
make contact.

There are two approaches to assessing a
shaving cutter’s potential use in gear finishing.
The first approach is to explore the fillet of the
gear when a protuberance hob is used as a pre-
shave cutter. The purpose of this study is to select
a shaving cutter which will blend smoothly in the
fillet of the gear. The second approach is to study
the path of a candidate shaving cutter when a
nonprotuberance cutter has been used as a pre-
shave cutter. In this case the purpose is to select
a shaving cutter which will penetrate to shave the
flank of the tooth deeply enough to provide a
shaved surface for the contact of the mating gear
and may or may not reach the fillet. This second
approach requires the “pairing” of gears, and
caution must be used in designing a gear to match
one which has been shaved in this manner.

The initial step in the first approach is to




study the action of the pre-shave cutter to deter-
mine two unique radii of the gear. The first
radius is the point of maximum relief in the
fillet formed by the protuberance of the pre-
shave cutter. The second is the radius where the
cutter protuberance has left the involute profile
with adequate finishing stock for “cleanup.”
This does not need to be the full amount of
finishing stock on the gear flank. If less than
full stock is specified, it allows a greater out-
side diameter on the mating gear and a possible
higher contact ratio. Ideally the outside diam-
eter of the shaving cutter will finish the tooth to
between these two unique radii with a nearly
perfect blend in the fillet (Fig. 1).

To find the desired shaver cutter outside
diameter it is necessary to compute the tight
mesh center distance of the shaver and gear
using an iterative procedure. Then calculate the
working line of action, the radius that the tip of
the cutter will have to be to reach the maximum
relief in the fillet, and the radius to the point of
required shaving stock for cleanup. The candi-
date shaving cutter must have an outside radius
between these two values to be useful. The
closer it is to the maximum relief value, the
better. If the outside radius of the shaver is too
large. it may be reduced to make it useable.

Shaving cutters may be sharpened a number
of times. In so doing, the tooth thickness is
reduced, which results in the shaver penetrat-
ing deeper into the gear. Therefore, the outside
diameter must be reduced as well. The amount
of outside reduction depends upon the involute
angle when tight meshed with the gear being
shaved. The suppliers of shaving cutters pro-
vide blueprint dimensions of the shaver outside
diameter and tooth thickness when “new" and
at “life.” These dimensions are unique for a
certain gear and are used for establishing a
“sharpening curve” for the shaving cutter. These
data can be plotted to show a curve of tooth
thickness versus outside diameter throughout
the life of the cutter.

While tooth thickness and outside diameter
are the basic criteria, it is a common practice to
use the terms “HOP™ and “HOD.,” These terms
stand for “height of pins™ and “height of (out-
side) diameter,” with measurements made from
the circumference of the precision bore of the
shaving cutter (Fig. 2). The HOP dimension is
the distance from the closest circumference of
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Fig. 2
Gear/Shaver Analysis
HOD at "New™ Gear 1234
Required Shaver Hob 678
3.3775 Shaver 8765
3.3760 {
3.3579 HOD at “Life”
Shaver Required
3.3194
33180
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Fig. 3 3.4440 HOP 3.3910

the bore to the top of the pin placed between the
teeth of the shaver, a process similar to measur-
ing tooth thickness of gear teeth with “dimen-
sion over pins.” The HOD dimension is the
distance from the closest circumference of the
bore to the top of the shaver tooth.

A computer graphic display (Fig. 3) uses the
HOP and HOD dimensions. The two vertical
lines represent the tooth thickness (HOP) of the
shaving cutter when new and at life. The circles
on each of these lines represent the outside
diameter (HOD) of a shaving cutter with tooth
thickness (HOP) given at the bottom of the
vertical lines. The line connecting the circles
may be called the sharpening line. A shaver on
the shelf may have a HOP and a HOD anywhere
along this line, depending upon how many times
it has been sharpened.

The two other sloping parallel lines on the
computer screen are unique to the gear to be
shaved. Taking the shaver's new tooth thickness
(HOP) dimension, two shaver radii are calcu-
lated as described before, to meet the maximum
relief and the desired shaving stock radii of the
gear., The same is done for the “life” tooth
thickness. These dimensions are placed on the
two vertical lines and with the interconnecting
lines form a parallelogram. If the shaver sharp-
ening curve falls within this parallelogram, the
shaver may be used to shave the gear.
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If the shaver curve is outside the parallelo-
gram, and the shaver has no prospect for other
future use, it may be possible to modify it to get
itinto the parallelogram. If the sharpening curve
is above the parallelogram, then by grinding the
outside diameter, the sharpening curve will be
moved downward and become useable. If the
sharpening curve given is below the parallelo-
gram, it may have only the tooth profile sharp-
ened, and this will move the sharpening curve to
the right and possibly enter the acceptable area.

The graphic display is a quick reference to
the compatibility of a shaver/gear combination.
The actual selection will require judgment of the
urgency of getting the job done, number of gears
to be shaved, and whether to modify obsolete
cutters on the shelf. If the shaver is to be used for
an application with long slender teeth, when it
was originally designed for low contact ratio
gears, there may be a problem with shaving the
ends of the teeth. Shaver suppliers do not specify
the depth of the tooth or root end of the shaving
profile where it meets the drilled hole.

A shaver search computer program should
have an option input so that if a particular shaver
looks promising, an up-to-date measurement of
the HOP and HOD can be input, and as a result
the present capability known.

For the second approach, selecting a shaving
cutter associated with a non-protuberance pre-
shave cutter, the minimum radius on the
workpiece gear where the mating gear tooth tip
will touch is used instead of the previous two
fillet radii discussed. This will occur at mini-
mum gear center distance and maximum mating
gear outside diameter. These values will estab-
lish a line with end points for new and life
conditions. Since the shaving cutter now must
have an outside diameter large enough to reach
below the mating gear contact point, the same
diagram requires that the sharpening curve of the

shaver be above the line. A small margin of
safety should be available to prevent any inter-
ference with the shaving stock remaining fol-
lowing the “rolling out” of the shaving cutter.
This is especially true if the mating gear has
more teeth than the shaving cutter. A calculation
of the shaver tip/gear root clearance should be
included in the display.

Two examples are shown on a computer
screen. The firstexample is a “perfect” selection
when using a protuberance cutter (Fig. 3). The
shaving cutter sharpening curve, as indicated by
the circles on each end, lies slightly below the top
line of the parallelogram. This line represents the
outside diameter of a shaving cutter which will
reach the maximum relief of the gear fillet.

The second example (Fig. 4) shows a shav-
ing cutter with the outside diameter (HOD) too
large when new, but during its life it is reduced
by the sharpening process, so that it enters the
parallelogram of a