Expanding Business
Opportunities With
Five-Axis Software

Moving to five-axis machining may seem a daunting maneuver, but with
the right software and training, a moldmaker can gain an advantage on

the competition.

way of life for some operations. In

fact, for an increasing number of
plastics manufacturers and machine shops
that do moldmaking and subassembly
fabrication, five-axis machining can make
existing work run faster and more
accurately. Also, the complexity of some
molds, prototypes and parts now demands
five-axis work. Investment in the
technology and software can become a
sound business decision resulting in an
increase in orders or an expansion of
product offerings. Companies also can
enter market niches which require greater
precision and become even more competi-
tive based on faster turnaround with some
five-axis-based processes.

F ive-axis machining is becoming a

The Extra Axes

Five-axis toolpathing and machining
combines the movement of the machine
head in the usual X-Y-Z directionswith the
ability of specialized machines to alter the
angle and movement of the machining
head and/or the table. For example:

» When the head is rotated in an arc on
the X axis, itisrotatinginthe A axis—
and is dtill programmable for con-
current motion in the X-Y-Z directions.
This is often associated with gantry
mills, mills with rotary tables and
hexapod tables. The hexapod is
capable of moving the table relative to
the X-Y-Z axes.

* When the part or head rotates about
theY axis, it ismoving in the B axis,
again while still following program-
ming in the X-Y-Z directions. Ma-
chines with a wrist configuration in
the shaft will angle the spindle to
achieve B-axis orientation.

* Rotation of the C axis — turning (or

circling) the workpiece along the axis
paradlel to the spindle — is most
easily achieved with a rotary table.
Some machines — the gantry in
particular — are capable of indexing
the entire milling mechanism about
the Z axis.

e For certain complex work — under-
cutting, for example — the tool is
fixed at angles in the A and B axes
and cutting proceeds in the three-axis
format. This variation is often called
2+3 machining.

Learning Five-Axis Programming

Assuming that they already know three-
axis programming, most technicians
should be able to be production-ready in a
couple of weeks. It should only take a
couple of days to establish machine
coordinate positions for fixed A and B
rotations and setup of various tooling for
some machining centers, such as a rotary-
A, rotary-B machine, which alows the
operator to flip the A-axis rotary head
orientation 90° to create a working C-axis
configuration.

Some suppliers will offer workshops
to review multi-axis options, as well as
the setup and programing of five-axis
machines. After another week or so of
using the software and referring to the
classroom materials in-house, operators
should have the experience and con-
fidence to begin programming multi-axis
parts.

The most important step in five-axis
machining is to position the part in the
software relative to where it actualy sits
on the machine. The part is secured to the
machine; the spindle moved over a
locating hole, a corner or some other
accurate marker; and the location (X2, Y 3,
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Figure 1 The toolpath for swarfing the pinion gear wall to
the proper angle. Note the four/five-axis dialog box which
allows user definition of the toolpathing parameters.

_Figure 2 Swarf-cutting the pinion gear.

Figure 3 The combined A- and B-axis orientation while
cutting in three-axis keeps the tool shank or tool holder
from contacting the stock while finish-cutting the roots
of the pinion gear.



The most important step in five-axis machining is to position the
part in the software relative to where it actually sits on the machine.

for example) is set from the machine’s 0-0.
The programmer moves the part in the
software so that the setup point used is now
referenced to the same position (X2 Y 3) by
the program. Now the machine's 0-0 and
the software 0-0 are the same — the part O-
Oisactualy X2, Y3.

Five-Axis Programming in Practice

An example of two five-axis variations
used to produce parts occurred when
secondary school classes in Illinois were
unable to find stock ring gear-and-pinion
parts to conform to the design for their
entry in a nationwide BattleBots competi-
tion— acable TV show where participants
build robots to fight for prizes. The
description of these operations is far more
complex than performing the programming
itself, as a good five-axis software program
should simplify programming.

The steel pinion was first up on the
machine. Cutting the angle of the pinion
lands was a modified three-axis job in that
the tool was indexed in the B axis to keep
the tool normal to the angle of the pinion
gear’s finish surface in order to swarf-cut
the basic gear shape (see Figures 1 and 2).
It is best to cut as much material as
possible with three-axis movement
because it allows for larger tools and
deeper cuts. At the roots of the pinion
gears, modified three-axis was still used,
this time also indexing in the A axis, for a
2+3 combination (see Figure 3).

Indexing the head was mandated by
having to use a .032" ball nose endmill to
cut the .016" radii at each root. Given the
flute length and tool shank size, it was
necessary to specify aline vector to creste
a construction plane normal to the
direction in which the tool should run in
order to avoid contact with part surfaces.

Cutting the ring gear outside the di-
ameter relief began as a three-axis con-
stant Z roughing routine with a flat end-
mill, which left a series of stair-steps. It
was then necessary to define the upper
and lower contours (see Figure 4) for the
tool to follow and cut using a¥/4" flat mill,
which transitioned between the two con-
tours. Finish cutting of the outside diameter
relief of thering gear required true five-axis
machining (see Figure 5). Because of the
tool limitations when cutting the hardened

steel, it was best to cut the .100" down to
the finish depth of the gear walls in two
depths, making three passes each at .002"
— picking at it three times to half-depth,
then picking three more times to the end.

Programming the passes consisted of
using the user interface to select three wall
cuts and two depths of cut from available
parameters. This was programmed by
entering the values “3 at .002"” and “floor
passes’ at two. Since the program already
knows the size and placement of the walls
and floor, it automatically calculates the
desired toolpath vectors.

Five-Axis Advantages

Initial five-axis fixturing takes somewhat
longer than for simple three-axis machining.
But those who have machined complex
molds or forms in the three-axis mode by
refixturing the workpiece for clear access
and tool clearance know that considerable
time is consumed not only by the physical
operation but in offsetting the CAM
software to anew Y0, X0 — for each move.
This is especidly true when working with
mold designs requiring undercutting from a
variety of angles. Multiple refixturing is
wide open to locating errors, compounded
with each setup. Accuracy can suffer, with
attendant time and materia losses
increasing. From that viewpoint alone, one-
time five-axis fixturing saves time and cuts
the production cost for the entire project.

Accuracy and production time are en-
hanced with five-axis use in some vacuum
forming operations as well. Production
speeds up with five-axis-based parts trim-
ming, especially when designs call for the
trim cut to be perpendicular to flow lines,
curves, splines and other surfaces. Short of
hand-trimming and finishing, three-axis
would be hard put to accomplish the job
without either making multiple passes or
leaving a stepped finish — which would
till require handwork.

What Is the Right Machine for You?

Optimum machine configurations vary by
companies general job lines. Impeller/
propeller prototypes (see Figure 6) and
production work are virtualy impossible
without five-axis capability — best con-
figured with a rotary tableftilting (wrist)
head. Many complex molds (see Figures 7,

Figure 4 Cutting the ring gear outside the diameter
relief involved defining the upper and lower contours for
the tool to follow.
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Figure 5 True five-axis machining was required to finish
cutting the outside diameter relief of the ring gear.

Figure 6 A five-axis toolpath for machining the Jarvik
Left Ventricular Assist — a simpler, less costly and
easier to implant alternative to a complete artificial
heart. It is an impeller which assists blood flow — a
design requiring five-axis for cutting without refixturing.

Figure 7 The customer’s requirement that this mold for
well-known sunglasses be self-ejecting validated the
choice that RoMold — a Rochester, NY moldmaker —
made to go five-axis. The complex mechanism, moving
undercut mold elements, demanded five-axis machining.



Figure 8 With the eye-hole ejection section fully
extended, it’s easy to understand the extensive five-axis
undercutting necessary to produce these mold parts.

Figure 9 Note the complex curves and undercutting
required to machine parts for the RoMold ejection mold
for sunglasses.
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finish on the foam molds for this twin-hull competition
boat by Offshore Racing.

Multiple refixturing is wide open to locating errors, compounded with
each setup. Accuracy can suffer, with attendant time and material
losses increasing. From that viewpoint alone, one-time five-axis
fixturing saves time and cuts the production cost for the entire project.

8 and 9) are prime candidates for five-axis
machining, as are many jobs for the
aerospace and automotive industries.

Prototypes and final molds for large
vacuum formed products (see Figure 10)
cal for a gantry-mounted mill — the same
five-axis capabilities on alarger scae: large
table, extended tool travel and greater
overall clearances. The same machine can
do production duty to give a fine fina
trimming finish. The gantry’s scale dso is
well suited to cutting molds for the fiber-
glass industry — boat-building, plumbing
fixtures and similar product lines.

Cost Versus Production Gains

Assize, complexity of configuration and
options increase, purchase costs rise. How
much to invest must be balanced by each
company’s projection of the costs saved or
business potential increased. Generaly, a
shop could expect to pay upwards of
$50,000 more for larger five-axis units
than for similar three-axis machines. For
makers of small-to-moderate sized molds,
this lower price could be an entry into the
five-axis world. A basic five-axis wood
router can run from $100,000 to $200,000.
The step up to larger, more complex
machines is pricey, with costs reaching

$400,000 — larger machining centers and
gantry mills can run into the millions.

The variety of available machine config-
urations and the requirements of each
shop's clients demands time well-spent
with representatives from several vendors
seeking the best configuration/production
combination. One key indicator for a five-
axis upgrade is the number of jobs you are
currently refixturing. If your closest
competitors are using five-axis machining,
you can compete better; if not, you can
beat them on turnaround and precision.

If your business examination justifies a
five-axis purchase, and you have the capital
or credit lineto invest, be not afraid. Just as
the machine company’s tech reps will help
with training and support, software also is
readily available from suppliers, as is
training and ongoing software support.
With all that going for you, capitalizing on
five-axis will be limited only by your
imagination and entrepreneuria spirit.
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For more information contact Mike
Rosa, applications engineer for CNC
Software, Inc./Mastercam (Tolland, CT) at
(800) 228-2877.
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