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Turbocharging your toolpath

By Dr. Alesa Lightbourne

Since the dawn of machining, part
manufacturers have looked for ways to
squeeze greater efficiencies out of ex-
isting equipment, materials and labor.
CAM and CNC machining were huge
steps in the right direction several de-
cades ago. But in recent years, the im-
provements in machining productivity
haven’t been as large.

This is because productivity-en-
hancing research focused primarily on
computerization to streamline toolpath
generation and toolpath optimization
software, slowing feed rates at corners
to reduce stress on tools. Nearly all inno-
vations assumed a parallel-offset toolpath
used for roughing parts, not realizing
this was the real bottleneck. Ultrahigh-
performance toolpath (UHPT) software
changes this and improves the way tools
cut through material, using high-speed
continuous tangent motion rather than
sharp, interrupted movements.

Imagine driving through a neighbor-
hood without arterial streets. At each
cornet, you must slow down or stop at a
stop sign, make a turn and proceed for
another block while encountering chang-
ing traffic conditions. It's maddeningly
inefficient.

Thart’s how basic toolpaths drive CNC
machines. Modeled on manual method-
ology, existing toolpaths are derived from
the geometry being machined. They start
with the material boundary and keep
stepping in, following the shape of the
material until the path collapses on it-
self. In other words, the tools follow a
path regardless of the amount of mate-
rial they encounter. This is hard on ma-
chines and tools.

Now, imagine the same neighborhood
is redesigned on a circuitous route, with
banked roundabouts and smooth curves

instead of corners and stop signs. The
amount of traffic is steady; it almost
never slows down and never stops. You
drive at a high average speed until you
reach your destination. Yes, you might
travel more distance. But the time and
fuel saved and the reduced wear and tear
on the car make the circuitous design
worthwhile. This is the underlying con-
cept behind UHPT software.

The software works on any shape,
open or closed, with any number of fea-

tures, and integrates with any CAM
system. It plans the toolpath based on
abilities designed into the machine and
cutting tools. By taking advantage of
the capabilities of modern machining
hardware and avoiding sharp directional
changes, it generates toolpaths that as-
sure the machines and cutting tools are
used at peak efficiency given existing
conditions.

Currently only offered as a 2.5-axis
product called VoluMill from Celer-
itive Technologies Inc., Cave Creek,
Ariz., UHPT software is ideal for pris-
matic parts. The software cuts pockets,
steps, slots, channels and other shapes. It
can be used with any cutting style and
workpiece material, including the hard-

est metals.

Traditional toolpath technology forces
machinists to accommodate worst-case
machining conditions to prevent dam-
aging the spindle and prematurely wear-
ing out the cutting tool. Abrupt changes
in the amount of material being encoun-
tered put excessive force on the part and
machine. So programmers and machin-
ists select slower feeds and speeds or make
shallower cuts.

UHPT software, on the other hand,
allows programmers
to select the most
appropriate cutting
styles and optimal
feeds and speeds.
This is possible be-
cause the software de-
signs toolpaths with
no abrupt changes
in direction or to
the volume of ma-
terial encountered;
the load on the cut-
ting tools and spindle
never exceeds user-
programmed limits.

Another major advantage is flexi-
bility. UHPT software compares the
speed between slotting or side milling
an area under given conditions and se-
lects the most efficient approach. In gen-
eral, UHPT technology minimizes the
amount of slot milling because of the
excessive amount of material encoun-
tered. But when slot milling is the op-
timal choice, the software reduces the
axial DOC and slows the feed, reduc-
ing the amount of material encoun-
tered and maintaining a consistent load
on the tool and spindle. If desired, the
programmer can specify only side mill-
ing and eliminate slot milling to avoid
burying the tool. This is especially use-
ful in hard metals.

Celeritive Technologies
A standard toolpath (left) makes parallel cuts, requiring
numerous stops and starts. UHPT software designs toolpath
cuts in continuous motion.



For every unique combination of ma-
chine, cutting tool and material, a “sweet
zone” exists, where an ideal combina-
tion of feed rate, spindle speed, DOC
and WOC maximizes material removal
while obtaining acceptable tool life. Just
as cars get better mileage on the freeway
compared with stop-and-go city traffic,
so do CNC machines and cutting tools
function better, last longer and require
less maintenance when they run in their
sweet zone.

Typical toolpaths frequently encounter
“not-so-sweet zones” because the amount
of material exposed to the cutting tool
fluctuates. NC programmers compen-
sate for the instances where the tool load
is excessive by using less aggressive cut-
ting parameters throughout the toolpath.
While there are typically hundreds of in-
stances where the cutting tool encounters
excess amounts of material in a toolpath,
the duration of each is brief; and together
they comprise just a small percentage of
the overall toolpath length. The unfor-
tunate fallout of this is that the param-
eters in use are too conservative for the
majority of the toolpath.

Conversely, UHPT software designs
toolpaths that are free of the instances
of excessive tool load, so parameter com-
promises are not necessary. This enables
machine tools and cutting tools to oper-
ate under near ideal conditions.

PTD Manufacturing, Detroit Lakes,
Minn., is a metal stamping and fabricat-
ing facility that recently adopted UHPT
software. The software is configured
as an add-on module, working within
GibbsCAM. PTD uses UHPT software
to program 3- and 5-axis vertical mills.
After a month in operation, PTD con-
firmed significant improvements in tool
life, scrap and tortal efficiencies.

Before switching to UHPT technol-
ogy, PTD roughed pockets using a large
inserted tool taking 0.1" to 0.2" axial
steps. Then, pockets were finished with
a solid-carbide endmill. Today, PTD ap-
plies a smaller solid-carbide tool, tak-
ing full-depth axial cuts, with a 0.02" to
0.05" peripheral cut at about five to 10
times the feed rate and rpm.

The most dramatic improvement to
date has come from PTD using UHPT
technology to mill a large pedestal punch

—

from A-2 tool steel. Previously, it took
22:36 minutes to run the punch with a
3" inserted shell mill. Now it takes 7:20
minutes with a 42" carbide ball endmill—
a 208 percent increase in efficiency.
Throughout the shop, PTD estimates
that total machining time has been re-
duced by about 40 percent.

“UHPT technology creates tool-
path cuts much more intelligently, with
more aggressive parameters,” said Jake
Kopveiler, CNC programmer at PTD.
“It has optimized our machine and cut-
ting tool capabilities. The improved cycle
time speaks for itself.”
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