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STAYING SHARP

The impeller—quintessential example
of 5-axis machining

By Karlo Apro, CNC Software Inc.

Few 5-axis machine users ever cut
an impeller. Yet impellers are repeat-
edly used as examples by CAD/CAM
software vendors and machine tool
builders. There is a practical reason
for this. Impellers have challenging
shapes that ably demonstrate 5-axis
capabilities.

Because the impeller offers so
many 5-axis challenges, I will use
one as an example to explain com-
mon 5-axis machining issues. Even
if you don’t cut impellers, this infor-
mation likely applies to some aspects
of your multiaxis machining.

In the early *70s before CAD/
CAM systems, the design of an im-
peller’s individual blades, or vanes,
was based on projected, synchro-
nized and smooth machine motions.
Those pure designs where perfectly
suited for swarf 5-axis tool motions,
where it was possible to cut the
blades with the side of a tool, usually
a straight or bull nose corner-radius cut-
ter. (Swarf refers to the tilted or twisted
blade wall surfaces that are cut with the
side of a tool.)

The design of modern impeller blades
is not as pure. They are often designed
with solid-modeling CAD packages, al-
lowing the user to create shapes that are
highly complex but may have a total dis-
regard for manufacturing efficiency.

Most of the blades are tall on one end,
usually near an impeller’s center, and
short on the other. Modern blades are
often “warped,” making swarf cutting
impossible because they have to be cut
in multiple steps with the nose of a ta-
pered ballnose cutter, as the tool axis is
manipulated to avoid collisions.

Machining impellers from a blank
involves turning, roughing the excess
material from between the blades, semi-
finishing the floor and the blades and
then finishing the floor and the blades.
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If a multitasking machine is available,
these operations can be done in one or,
possibly, two setups.

It is common practice to rough the
excess material from between the blades
using 3+2 machining techniques. This is
done by indexing the rotary axes, locking
them in place to keep the 5-axis machine
in its most rigid state and then attacking
the exposed excess material using simple
3-axis toolpaths. The drawback of this
approach is that it is not always possi-
ble to remove all the excess material. It
is hard to keep track of in-process ma-
terial and it is necessary to overlap be-
tween cuts—causing too many “air”
cuts. Furthermore, the area between the
blades is often deep and narrow—a bad
combination because it requires long,
skinny tools. These tools dont do well
side-cutting, especially when the cutting
pressures constantly change, causing vari-
able amounts of deflection. This in turn
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When 5-axis plunge roughing, tool deflection is minimal because cutting forces are aligned with
the cutter’s center axis, dramatically extending tool life.

causes vibration, shortens tool life and
imparts a poor finish.

Modern CAM systems offer an ef-
fective solution—>5-axis plunge rough-
ing. The excess material is picked away
by limiting the plunge depth and step-
over in an onion skin-type manner. All
the motions are still executed in the
machine’s rigid 3+2 state. Tool deflec-
tion is minimal because cutting forces
are aligned with the cutter’s center axis,
dramatically extending tool life. These
toolpaths not only keep track of the in-
process material at every step, they also
trim the toolpath to the initial stock
model using “stock recognition” so waste-
ful air cuts are not generated. Case stud-
ies have shown that roughing cycle times
can be reduced by more than 60 per-
cent compared to traditional roughing
techniques.

Finishing the floor between the blades
is fairly simple when employing a zig-zag



cut pattern that starts from the center
and extends towards the outside perim-
eter. This motion maintains a constant
climb-cut. Extending the entry and exit
motions imparts a smooth, uniform fin-
ish. Tool axis can be controlled by forcing
the center of the tool axis along a chain
placed in the middle of the gap between
the blades.

Finishing impeller blades is the big-
gest challenge. The individual blades of
an impeller are often thin, warped, short
on one end, tall on the other and close
together. It is desirable to keep the cut
pattern parallel to the hub surface. It is
also preferable to cut the whole blade in
one continuous motion to avoid leaving
undesired tool marks on the workpiece.

Semifinishing and finishing toolpaths
are basically the same, except for the
amount of material left and the step-over
value. Care must be taken to leave plenty
of material for finishing. If done properly,
the finish cut will “free” the blade gradu-
ally, avoiding any vibration, even on very
thin blades. Tapered-end ballnose cut-
ters are preferred for maximum rigidity.

The challenging part of this opera-
tion is dynamically controlling the tool
axis, as the tool gradually spirals down
the blade. Your CAM system must be
capable of continuously monitoring the
tool tip, flute, arbor and toolholder. The
CAM system must not only monitor, but
also take action if a user predefined near-
miss is imminent. For example, tilt the
tool in the side tilt direction if it comes
too close to the next blade, or retract the
tool along a tool axis if it comes too close
to the floor surface and link these mo-
tions in a smooth synchronized motion
by considering the available machine tool
capabilities.

Modern CAD/CAM systems allow
you to control all aspects of 5-axis ma-
chining: the cut pattern, the tool axis di-
rection as the tool is following that cut
pattern and the exact contact point of
the tool tip as it touches the drive sur-
faces. A complete package also allows you
to watch a virtual machine simulate the
entire cutting process while developing
it, rather than using an expensive 5-axis
machine as a verification tool.

Five-axis machining is a growing, chal-

lenging and exciting field. Some think
it is hard to do, but “hard to do” always
comes down to training. Didn’t you ini-
tially find it hard to ride a bicycle? cTE
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