Spindie Design for
Maximum Performance

Understanding the influence of all the forces — from the type of insert to
the machine base — is the key to maximum spindle, and thus,

maximum machine tool utilization.

p to this point, in an effort to

increase machine tool performance,

a variety of methods have been
provided as part of the solution to the
many problems encountered by mold-
makers. Increasing speeds and feeds are
now a given; more powerful external
drives or integrally motorized spindles
have become readily available; and new
tooling technology — including advanced
coatings and tooling designed for
increased feedrates — have recently hit the
market (see Figure 1). In addition, the
important requirements of balanced spin-
dle, tool holder and tooling have been met.
The final piece needed for the high-speed
machining puzzle is a reliable cutting
performance prediction of the total system
«dynamics to achieve optimum horse-
power-to-material removal rates.

Energy expended generating unwanted
vibrations is the major drawback to
obtaining the maximum power in material
removal. The question that needs to be
answered 1s this: where do most typical
vibrations come from when related to
milling? This depends on the method that

quency and/or harmonics; and regenerative
chatter occurring at or near one of the
vibrational modes of the system.

The energy for regenerative vibration
comes from the cutting process. The sooner
one understands the source of vibration the
sooner a more productive material removal
process can be produced. How often has a
machine tool OEM pointed the finger at a
spindle or tool as the problem? Or, how
often has the spindle maker blamed the
cutting tool or machine maker? And lastly,
how often has the cutting tool maker said
that the spindle or machine was not capable
of using the tool properly? Understanding
structural dynamics can eliminate “finger
pointing” and help everyone involved be
more productive. The sources of many of
these problems can be identified by under-
standing vibratory systems and structural
dynamic analysis.

Analysis Benefits

Analytical tools are available to measure
the frequency response functions in order
to predict spindle chatter through stability
models. These models can generate insight

The final piece needed for the high-speed machining puzzle is a

reliable cutting performance prediction of the total system dynamics to

achieve optimum horsepowerto-material removal rates.

excites the structure. The structure can be
anything that moves on the machine — not
Just what rotates and translates, but most
importantly what vibrates. Is chatter
caused solely by imbalance? No. The
following three items are the primary
sources of spindle vibrations: imbalance
occurring at the spindle rotation frequency
and/or harmonics; the cutting force vibra-
tion occurring at the tooth passing fre-
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for the engineer into the operation and
cutting performance. Outputs include
what spindle speed and depth of cut are
critical for the machine/spindle/tool com-
bination. Cutting forces are given as in-
stantaneous and as an average. Dynamic
tool deflections can be predicted (see
Figure 2, page 32).

The computer stability modeling emu-
lates the milling process by simulating

Figures courtesy of Russell T. Gilman, Inc,

Figure 1 A new OEM machine tool spindle design
features ceramic triplex front bearing sets and a rear
ceramic roller bearing sel.

material, cut direction, width of cut, cutting
mode (such as slotting), axial depth of cut,
spindle speed, nominal chip load and tool
rotations. Simulation parameters include:
starting rpm, ending rpm, rpm increment,
starting axial depth of cut, ending axial
depth of cut, depth of cut increments and
number of iterations. The thousands of
multiple simulation runs generated by the
software give a good indication of the
machine tool stability. Other modeling
software can help to determine skidding in
the bearings as a function of preload, static
radial load and rotational speed. Calcu-
lating the spin roll ratio over the range of
changes in the stiffness as a function of
load leads to accurate bearing life and
thermal signature prediction.

Structural dynamic system analysis
tools can be used throughout the entire
machine tool utilization process — from
design to production. Initial modeling is
used in the design stage. Analysis can be
used to validate the design and ensure
quality. Quality checking and process
repeatability testing analysis confirms
predictions. It also can be used to verify
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Structural dynamic analysis of the complete machine tool is required
to accurately predict and design in high-cutting performance.

subassembly assumptions during installa-
tion and finally to confirm process analysis
during actual production.

Often the most difficult problems are
dynamics issues. Static thought processes
will not work. For example, an original
spindle design could only deliver about 10
percent of the power capacity — about 7.5

kW. A modified spindle could deliver 100
percent — about 75 kW. This demonstrates
a tenfold decrease in roughing cycle time.
Modal stiffness increased by only 26
percent, whereas modal damping increased
by 456 percent. This example was using an
endmill with a collet tool holder. The
material was HSS and the diameter was
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Figure 2 This power vs. speed diagram illustrates the
spindle’s chatter frequencies and power availability at
specific rpms.

two inches. There were two flutes, with a
tool holder face to tool tip distance of 6.5"
and a gage line to tool tip distance of
12.625". The key to the increased perform-
ance is the product of the modal stiffness
and modal damping.

In summary, structural dynamic analysis
of the complete machine tool is required to
accurately predict and design in high
cutting performance. The spindle must be
designed, built and dedicated to the
specific task at hand and is not easily
changed to achieve maximum performance
for a wide range of materials and pro-
However, if near maximum
material removal rates need to be achieved
— resulting in a tenfold increase in
productivity — there is a way to ac-
complish it. For the first time accurate
computer analysis tools are available to
achieve truly high material removal rates in
dependable systems.

The future holds that experience will
develop variable dynamic systems that can
combine a wider range of tools, materials
and removal methods.

CCS5C5.

MMT

This article is courtesy of Dyna Drive,
Inc. (Solon, OH) in cooperation with SKF
and Russell T. Gilman, Inc.

For more information contact Tom Klah-
orst, vice president sales for Russell T.
Gilman, Inc. (Grafton, WI) at (800) 445-6267
or via e-mail at tklahorst@ regilman.com.

Visit Russell T. Gilman at MoldMaking
2001 Booth No. 532
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