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'We,lding Different Gear Materialls
Friction welding bas been thought of

as a olutian for customers with lot of
volume to be welded and 1.01 of capital
investment, Industry opinions are chang-

ing. though, and it's becoming an eco-
nomic option for small-volume batches.

The proce s has been around for

awhile but. has neverbeen as popular as
other conventional mean, of welding.

Unlike traditional welding. friction
welding can join both similar and dis-

imilar materials with different mechaai-

call , nd physi ::IIproperti s Ihrough rota-
tional force and hydraulic pressure

without flux or filler material. Good can-
didate materials for these combination

are carbon and alloy . reels,
Among the gear industry applications

are bi-metaliic propeller haft for the
marine indll try. plined axle hafts. and
:!langed gear blanks.

In addition, friction welding lake
place in a narrow, heat-affected zone, I)

it hll minimal effect on adjacent
machine or heat treat characteristic ,
says Joel Don hue. general manager of
American Friction Welding.

The job . hop, located in Brookfleld,

Wl, has offered lhi .ervice for year ,

rno Ily on hydraulics, pump shafts, elec-
tric motor hafts. drills, and. hand tools.
a wen as automotive and con Lruction
equipment

Whatever the product is, once it
arrives at American Friction Welding,
the welding process starts with the prod-
uct' axi of ymrnetryIt' ea ie I. when

the component have a. natural axi of
ymmetry; If' a part i. not al'ready

equipped with this. then engineers devel-

op the tooling 10 create one.
After the axis of ymmetry i deter-

mined, weld parameters are developed
which include rpm. axial load, time

frame. and amount of axial shortening.
After developing these parameters, parts
are then. tested in. a . ituation thai mimic.
it actual performance. Once those
parameter are establi hed and proven,

they're loaded into the machine' COIl- I
troller. Then they begin the proces of!
loadi.ng parameters and feeding cornpo- j

nent before commencing production. I
The machine controller m nitors those ;

e.l. parameter and. t~eir limitations Ii

throughout the production run, If any-
thing falls out id the parameters,the

machine sends out an alert. I
One workpiece i held in a rotating

pindle and the other i held in a station-
ary clamp . Operators control the speed of

the motor-driven workpiece. Then. an

axial load is applied tothe components
being welded, Interfaces of the twocom-
ponents rub together, re ulting in heat

Thi i maintained until a predeter-
mined amount of time or axial horten-
ing occurs. At this point, a braking force

i applied and the axial load i increased
in 'the final forge pha e. Thl force i held
for a pre- et am uru of lime after the
rotation stops,

Many lime. a post-weld te t i done
on a ampling basis as the final step to
check for torsional, bend or hardness
properties of (he heat affected zone. In

a.ddition. ukrasonic inspection is II ed to
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the initial weld development process can
last from a few hour toa few weeks,

depending on pan. size. shape and con-

figuration.
As tar as capabilities. American

Friction Welding has eight. direct-drive

friction welding machine ranging from
four to 125 tons. which can weld solid
diameters from ]/8"-4 1/4".

"One machine has pari orientation. Its

spindle has an end coder on the spindle
that keep track of where the pindle
tart and Lop ," say Donohue "The

advantage of this feature i that the com-
ponerns can have uniquely machined
features with a relationship '10 one anoth-
er atter welding wi.thin +/_.1.5°." This

kind of control is a major benefit to th
direct-drive welding proces .

However, there's another type of fric-
tion welding called inertia welding.

Manufacturing Technology Inc. in South
Bend. IN. does both and points out dis-
tinctive a pect .of each approach.

Inertia welding uses flywheels bolted
to a pindle chuck. The : pinene aceeler-
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stored in the rotating mass dissipates as I
heat through friction at the weld inter- j
face. The welding force continues to

pushthe two' components together for a
shan period of rime after the rotation
cea es,

Though it offers the operator Jess
control,inertia welding generally has

fa ter cycle times, a narrower heat-

affected zone and fewer weld variabtes

(rpm and pressure) and doe not require
clutches and brakes, says Kevin Grewe,

sales engineer for MTI Welding.
"For gears, there's not a definite

method that's better than the other.
Sometimes there's the need 10 orientate
one gear onto another and, :in that case,
the direct drive friction welding is best,"
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he says. "We do slightly more inertia

welding, mainly because auto makers

want such high cycle times."

Friction welding, whether done by

inertia or direct drive, is not a elation
for every company or application. Many
times, the component configuration and
material type are good indicators of
whether the process is a good fit
Generally, free machining and resulfur-
ired material, which contain high lev-

els of lead and sulfur, may have adverse
effects on the joint. say Donohue,

For Kuhn Knigh; Manufacturing Inc.
of Brodhead WI, tile fricaon welding

process was a perfect fit. Hugh Hosely,

a buyer for tile company, hired

American Friction We.ldmg everal
years ago to friction weld Kuhn' plug
as embly product ,

"We've been very happy with the
service," he says, "it's inexpen ive and

produces a better product becau e two
pieces become one, Ai 0, with alradi-

tional weld.they're only held together by
a ring of weld, and this is far superior."

No P,itch ICones. N:o IFace
Cutters = Greater Gear

Freedom
David Dooner wants more freedom

for de igners and manufacturers of spi-
ral. bevel and hypoid gears, He wants to

give it to them by removing the gears'
restrictions on face width, spiral angle
and! number of teeth,

He also wants them to be free to spec-
ify those gears with. the same procedure
tbey use to specify cylindrical gears,

Variable
Diamatflf

Clltter

Illypoid
IPinion
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face cutters fromilie design and manu-
facture of spiral bevel and bypoids.

Dooner has been working on this way
since the late ]9805, when be was a grad-
uate tudent at 'the University of Florida,
'Gainesville. Studying for his doctorate,
Dooner ianed to think about unifying
tile design and manufacture of different
type of gears, 1,1 ingtheir kinematic struc-
ture to create a single framework.

He discussed his idea with his doctor-
al advisor. Ali Seireg, and it became part
of his doctoralmesls, It also provided the
foundation of his method for spbal
bevels and hypoids.

After receiving his doctorate, Dooner
continued to work on the method, collab-
orating w:ithSeireg until Seireg's death in
September. Today, Dooner is an associate
profes or in the mechanical engineering
department atthe University of Puerto
Rico-Mayagiiez.

To this point, his method remains the-
oreticfll-"It hasn'tbeen developed."

Dooner say it, hasn't been because:
"First, the mathematical relation hips are
Dot immediate." and "Second, there is a
well-established art, with an enormous
base."

He adds that most people are focused
on improving the existing method-
"There's been I,iule effon to developing
new ways."

Dooner, however, has been focused
on getting rid of pitch cones and face cut-
ters 'to create a new way.

He explains: PitcJil cones are a design
tool for spiral bevel and bypoid gears.
While helpfal, the cones restrict the face
width of those gears.

With Dooner's way, the gears would
be designed using mathematical formulas
that compare the spiral bevels and
hypoid with their theoretical ideals. That
contrasts with today's practice of com-
paring them with the ideals thai can be
obtained 'through manufacture.

Dooner says using the theoretical
ideals gets rid oflbe re tncuon on piral
bevel. and hypoids' spiral angle and
number of teeth and may get rid of their
limit pressure angle.

During manufacture, face cutters of
spiral. bevels and hypoid create teem of
increasing thickne s as they move across
a gear's face.

Dooner's cutters, though, would be
like variable diametergears with cutting
teeth. They'd cut like variable diameter
hobs, so they'd compensate for varying
tooth thickness. The compensating

Globa II Expe'rtis'e
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would remove restrictions on face width
and spiral angle. Wi.thout fuce cutters,
number of teeth wouldn't be restricted,
either.

Dooner says cutting piral bevels and
hypoids would become like bobbing
cylindrical. gears, so specifying them
could become like pec.ifying cylindrical
gears. Tooth profile, pressure angle, spi-
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ral or helix angle. face width-they

could all be used to design and manufac-
ture spiral bevels and hypoids.

According to Dooner, the cutters
could even be used to manufacturecylin-
drical gears. Different cutters would still
be needed to manufacture different
gears---coar er pitch cutters for coar er
pitch gears, finer for finer, bigger cutters
for bigger gears, smaller for smaller-

but the cutters would be the sametype
and could be u ed in the same type of
machine.

Dooner says his machine and cutters
would streamline a gear manufacturer's
machine tool facilities while making
them more flexible in the types of gears
they could create.

According to Dooner, his method
would provide several other benefits.
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First, gear manufacturers would be able
to create lead crown and profile relief in

their spiral bevel and hypoid gear sets at
the same time they're cutting them.

Second, they might not need to lap,
burnish or polish the sets. Dooner says if
lapping. burnishing or polishing wasn't
needed, gears and pinions would be inter-
changeable. If one broke, a gear manufac-
turer could replace just that member of a

hypoid or spiral bevel gear set: he would-
n't have to make an entirely new set.

Third, his method would offer new
alternatives in gears through its greater
design flexibility, For example, spur
hypoidal gears-not possible in today's
manufacture-would be possible.
Dooner describes spur hypoidals as
non-inter. ecting, non-parallel gears
whose teeth go into and come out of
mesh all at once.

Moreover, Dooner simulated their
manufacture and saw his method could
even make spur hypoidals more effi-

cient by reducing their sliding contact.
Spur hypoidal gears could be used ill

rear axles of antornobiles ..
Before benefits, there'd have to be

development and testing. Both are pos-
sible, though. Dooner's work is at at
point where a machine and set of cut-
ting tools could be developed for test-
ing. He doesn't know how much money
it would take to create them, but he
doubts it would be an unusual amount:
"How much would it take to develop an
existing machine?" 0
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