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Specialty Gears
hom the Mars Lander to car doors, gears cut with fDM tind their niche.
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ROUGH LANDING
Here's your assignment, should you choose to accept it. Design gears to operate in a high-torque, low-temperature, dirty environment. They will be dropped
from a vehicle traveling 13,645 mph and from 8,500 km in space. They will strike the
rocky, low-gravity surface of Mars at approximately 50 mph and will bounce as
high as a nine-story building as many as 15 times before coming to rest. The good
news is the mechanisms have to work only once; the bad news is they must work.
There will be no second chance.
Cushioning the landing and righting the lander are the
tasks of the airbag retraction actuators and the lander petal
actuators on the Mars Pathfinder Lander. Once on the
ground, the airbags (made of a Kevlar-like material, Vectran,
which may be ripped and deflated or still intact) have to be
taken out of the way so the lander's solar panels can work.
The lander itself, a tetrahedron roughly one meter in diameter, may land upside down or on its side and will have to be
righted in order to function. EDM-cut gears are vital to the
successful operation of both of these mechanisms.
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As with most experimental products,
gears produced in this manner will cost
more than the standard "off-the-shelf,"
garden-variety, but considering that, in
the case of the lander, a multi-billion dollar investment will be over 140,000 miles
away on another planet, gear failure is not
an option. It simply has to work. Cost
becomes a secondary consideration, with
reliability being the primary concern.
EDM has helped insure that.
Molded Gears
EDM has uses in more down-to-earth
applications as well. A small (approximately 1" in diameter) helical gear to be
used within the electric window mechanism of an automobile was needed. This
gear needed to be quiet-running, longwearing and have a natural lubricity
because it was to operate within the
auto's door panel and could not be easily lubricated. For this application, an
engineered nylon was chosen to provide
these characteristics.
If this had been a straight gear or
spline, the mold cavity could have been
machined using a wire EDM, but
because the gear was helical, this
became a CNC EDM application. A helical gear was machined from copper
(slightly undersized to allow for the
spark) and used as an electrode. The
electrode was held in the spindle of a
Mitsubishi CNC EDM equipped with a
C-axis from System 3R that allows
servo-controlled
helical machining.
Accuracies are virtually assured because
the C-axis has a resol ution of .001 of one
degree and complements the servo resolutions of 0.1 micron or 0.000004".
Programming
was very simple,
requiring only a few lines of code commanding the machine head to advance in
the Z-axis while simultaneously rotating
the C-axis, literally screwing the electrode into the workpiece, eroding the
material in front of it. After passing
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EDM

Fig. 3 - Stacked spur gears inan IEDM.

completely through the mold insert, the
final finish was obtained by using low
current settings and a small circular
orbit of approximately .0100 per side.
The final finish required no further processing or polishing.
Manufa.cturing Engineering
The decision to mold these gears
instead of machining them was based
011 the part material,
the quantity
required and the part tolerances. The
decision to use EDM to machine the
mold cavity was arrived at after evaluating the time and expense of conventional machining. The following are a few
considerations and observations.
Machining Plastic Gears-Machining each gear was not an acceptable
avenue because of the large quantity of
gears required and the reluctance to use
an expensive metal-cutting machine to
machine plastic parts ..
Both the quantity and material
requirements favored the construction
of a plastic-injection mold to inexpensively mold the production parts rather
than machine them. With this decided,
next came determining the best way to
machine the mold cavity.
Conventional Cavity Making-The
usual method of machining an internal
helical gear would be broaching or
internal shaping. Both of these methods
were ruled out for several reasons:
1..Because the part was to be molded,
part shrinkage must be taken into consideration when making the cavity. In this
case, shrinkage was factored at 16%, and
all cavity-making methods must allow for
this. 'This shrinkage factor precIudesthe
use of "off-the-shelf' broaches, increasing costs and extending deliveries.
Shaping this detail would require special
guides to be made, making an already
expensive proposition even more so.
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2. Helical broaching must be done all
special machines capable of twisting the
broach through the part similar to the way
rifling in firearms is produced. Shapers
must rely on expensive guides and cutters
to produce an internal gear. Both methods
were deemed too expensive.
3. Whether the detail is to be
broached or shaped, all conventional
machining of the workpiece must be
done while the material is soft. When
machining is completed, the insert must
be deburred and polished, and then it
must be heat treated, which can cause
the cavity insert to shrink, expand or
otherwise move and possibly distort the
geometry of the gear.
Results
EDM was selected to produce the
cavities for injection molding because:
1. An inexpensive copper blank can
be hobbed and used as all electrode.
Electrodes are made undersized and as
long as the tooth form. and geometry are
correct, size and finish are easily controlled by means of orbiting offsets during machining,
2. This is a routing job for a C-rutlSequipped CNC EDM, requiring only the
helical electrode and a few simple lines
of programming code.
3. Parts made on an EDM are typically burned "in-the-hard," eliminating
any post-machining heattreating operations and the resulting potential for part
movement due to thermal influence.
Short Run Production
The last application we will examine
is one that EDM can address very well;
the making of replacement or discontinued gears for repairs or older equipment.
These "onesy-twosy" or small lot, shortrun situations sometimes do not warrant
tooling up on conventional equipment.
In this example, multiple spur gears
are produced with a single cut by stacking up the prehardened, blank material
and wire-cutting them from the solid
(See Fig 3). Internal diameters and keyways are typically machined firstthen
the gear shape. Since all operations will
be done in a single setup, perfectly concentric ODs and IDs are guaranteed.
After programming and setup, an application such as this could run almost

_
totally untended with very little operator
intervention. A wire EDM machine
equipped with an automatic wire
threader could move from part to part
autonomously and easily complete the
project unattended during a overnight
"lights-out" shift
Again, EDM provides time and labor
savings on an otherwise expensive task.
Summary
Obviously, we cannot conclude from
these examples that EUM should
always be used to prototype special
gears, or that it should be used in all
mold-making applications. There is,
however, very strong evidence that
EDM is a viable method for producing
widely varying gear applications in a
timely manner while reducing costs and
eliminating secondary operations.
The scope of EUM gear use is very
wide, ranging from the Mars Lander, a
low-speed, high-torque application (0.7
rpm @ 100 ft/lbs), to the frenetic intensity of sustained, 11)00 to 10,000+ rpms of
a race car (see p. 34), to the relatively
mundane task of occasionally raising and
loweri:ng a car window. These significantly different uses demonstrate the versatility and reliability of EDM-cut gears.
While EDM will never replace the
traditional manufacturing methods of
gear making, it has proven to be a worthy augmentation and a solution-finding
process that has a valuable and rightful
place in specific areas of gear development and manufacture. 0
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