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Gear Drives IGreat and
,smalll Part I:

, iere Gearheads
Willi many companies and re-

searchers exploring the benefits of minia-

turization. gears and gearheads are being
designed and built to meet the re''l,uire-
rnents of increasingl,y tiny application.

Companies like Micro Mo Electronic I
are in th forefront of thl effort. "We !
were interested ,in creating a very small I
gearhead til t till had practical. real- !
world applicalions." said Steve O' Neil, I
(he vice pre idem of advancedresearch !
and planning. What Micro Mo developed
is a planetary gear-head that is 1.9 mm in
diameter. "This is considered an optima]

ize,' aid O'Neil. "because the urnt can
still generate useful power."

While the unit is not yet being used on
a production ba is. it i under considera-

tion fOl a number of applications thai call

for preci ion miniaturized power trans- !

mi sion. "Right now," said O'Neil. "there i
are a number of hem projects going on I
that use these gearheads. Security. indus- l
trial hygien and medical applications i
are being explored including minimally!
invasive urgical instruments and diag- I
nostic technology."

The planetary gearbead is made using
UGA technology. UGA is a German
acronym for Lithography. Material

Removal and Molding, a proce imilar

to that ued to make microchip . The d:if-
ference i that '!Jlleplastic gear material is
injected into molds in the final part of ihe
process,

The oulpllt statistics for this tiny gear-
'head are impressive, The unit can be
ordered with ratios 3.6: [ to 47: 1 depend-
ing oa [he needs of the application. At a

47: 1 gear ralio,lhegearhead's output

torque for continuous operation is 150
JUl. m and 300 IJlNrn during intermittent

operation. The unit CM take input pecds
of up to 20,000 rpm continuous and
50.000 rpm intermittent with output of
up to .100.000 rpm and can operate in
temperatures ranging from _20DC to

60DC (-4Df to I <:10°F).
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Ge,ar Drives Great
and Small P'lalrt II:

lM'onster Gears
At the other end of the size pectrum

stand tile huge, teet-cast ring gears made
by the Falk Corporation for the mining
indusuy,

---- Input gear from motor shaft
Carrier

Bearing ---+

Exploded ",iew 01'lb. 1.91 min Ipl'anelary gamed. Courtesy of Micra, Mo Electronics.
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Chile's Atacama De en is 'home to the

Escondida Copper Mine, 'the location of
!he world's largest. horsepower driven
ring gear drive. The cu tom-mad ,steeJ~
cast gear is 43.27 feel in diam ·tet and
weighs 190,000 pound . II is driven by
two pinions and a pair of '9,000 horse-

power. 1765 rpm synchronou m tors.
With a reduction ratio of 17.48:], th-

drive can produce 93 million It-Ibs, of

output torque at a speed of 10.1.rpm.
The serniauto nou grindiJlg (SAG)

mill, buill by Allis Mineral System and
powered by !hi gear drive, is a recent
addition \0 lh . s· ondida. Mine. Th - 36-

Ioct diameter mill grinds large chunks of
ore, some as large as a foot in diameter,

into smaller, gravel-sized piece'. Until
recently. operations ach as Escondida's
SAG mill had to, rely on complex and

expensive wrap-around motor configura-
tions to drive th milL Su h system
were high maintenance given l1Ieir vul-
nerability to din. and debris, However,

advances in large gear technology now

permit mines and other heavy industrial
operations to use the more reliable,
lower maintenance and Ies expensive

pinion/ring gear drive configurntiollS.
"The e advances;" aid Craig

Danecki, min products business unj(
manager for falik, "include new m::ueri-
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als and Dew ways, to cast them. We use
full ring risers and till. the molds fromlfle
bottom, The risers allow any dirt or
debris that might be in the mold to float
to' the top while tire excess steell feeds the
center of the casting as the piece cools.
We also use software toana1yze the way
steel will act within the mold. This is
similar to the finite element analysis we
apply to th.egears as well,"

Kalgoorlie, Australia is the site of
another of Falk's giant ring gears, this

time at the Fimeston Gold Mine. While
slightly smaller than the Esoond,ida ring
gear, the 40 ..;fool diameter ring gear man ..
ufactured for Fimeston show just how
quickly such iii gear can be transported
around the world.

"We usually ship by boat, but this was
a breakdown emergency job, ' explained
DaneckL''The mine was experiencing
power failures due to extreme electrical,
storms. These power outages were dam-
.aging the gear they were already Llsing
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because of the way the motors would
slun down when Ihepower failed. If I'ltek
min s.hut down because of a failed ring
gear, they were looking at 10 ses of near-
Iy $60.,000 per hour, 0 the in urance
company approved the air freight."

1bese huge ring gears are made in
quarters. cast from heavily alloyed
chromium-nickel-mclybdenum steel, nor-
malized and then tempered. The pieces are
then finish ground to AGMA 12 toler..
ances with surface finishes between 63
and 100 RMF.. The gear sections have
bolting flanges set at the ameangle as the
belieal teesh, When the gear is put togeth-
cr. these flangesare .Iocked into place wilh
steel. dowels and split locking pins, 'The

pinions are made from forged ingots in a
process that drives any defects inm th
center of the workpiece. The pi nion i then
rough CUI., cartrurized and fini bed.

While 43 ~eetmay be the largest gear
Falk has made to date, there is an even
bigger one in 'lbe wow. "We're working
on developing a 6O-fool diameter gear for
a shale-oil drilling company in Canada."
said Danecki, "A lest operation down ill
Australia has been using a IS-foot gear to
work out the process, andnow the full
scale operation is being' tudied"
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For the maker of die cast metal and
injection-molded plastic gears, there isa
process that promises to cut costs and
production time for small- to medium-
sized runs. Called spin-ca ting,. the
method is also useful for rapid prototyp-
ing as wen as the fast manufacturing of
replacement parts. "With plastic materi-
als such as polyurethanes we can achieve
very high tolerance;" said Sherif
Nasser, technical sales and training man-
ager for Tekcast Industries. Inc. "With
metals, such as zinc aUoys or alu-
minu~which is reaJl.y only su:itable
for rapid proto typing because of thetem-
peratures jlwolved-the tolerancea are
slightly lower:"

According to Nasser, the process
begins with the model: or prototype of
the part you want to make. From this iii
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mold is made using a silicone rubber
compound called Teksil jhat js highly

temperature resistant. "This s:i]icone

mold has theexact cavities needed to
duplicate the original," said Nasser, "and

it call be anywhere from '9' to 30 inches
across and up to 10 inches thick," Once
the shapes are cut and molded around the

model parts, the upper and lower halves

ofthe mold are brought together around
the model and the entire assembly is

placed in a ring-shaped vulcanizing

frame and put into an electrically heated
vulcanizing press for curing. Hydraulic

force cLamptbe mold frame shut
between tbe heated platens, forcing the

silicone into all crevices and around

every detail of the model. The resulting
mold is tough, resilient, <limen .ionally
accurate to, .008" andheat and chemical-

ly resistant After vulcanization, the

mold can be easily flexed to release the
patterns (and later, parts) from the cavi-
lies-even patterns with a wide variety
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vents call be cut into the mold with II
sharp knife or cal pel. If the initial tests

show the need for greater flow or more
air venting, 'these gate . and vent can be

easHy expanded on the spot.
After the mold is made, it isplaced

in the pin-casting machine-a patented,
frorn-loadiag unit called a Tek.casl.erThL-

and spun. Molten metal or plastic is then

poured in. Centrifugal force pulls the liq-
uid through the gates and into the mold ,

ensuring that the cavitiesare completely

filled. With this method, meta] castings
are made ala rate of 50 '1060 cycles per
hour. With plastic, the rate is typically W
to 15 cycles.

According to Nasser, "With plastic we

can make any kind of gear you can think: of,
bevels, SJlIlr, helical. With zinc alloy • we
can do anything except helicals."

So what are some other rea on to
consider spin casting? Cost and speed,
according to Nasser. "Wi.1h spin casting,
if you have the model, the mold can be
made for less than $100.00 and lakes

about three hours," said Nas er. "With

spin casting YOIl can go from prototype to
production in a couple of days. With
other methods it could be anywhere from
one to four months before you start pro-
ducing parts."
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