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Real-Time Tool Monitoring

Machine operators have long dreamt of a process monitoring system that detects tool wear, and
potentially catastrophic conditions and automatically compensates for changes in tool geometry
after resharpening. Now that dream is a reality.

he last 10 years have seen a
dramatic improvement in hobbing
productivity, thanks to advances in
machine design and tool performance.
But the tradeoff for the machines and tools
that have quadrupled productivity is that
they come at a significantly greater cost
than those they’ve replaced.

To maximize their return on these more
costly tools, manufacturers need to opti-
mize the process to get the greatest
number of parts per resharpening. But
more essentially, they have to control the
process much more precisely to avoid
breaking these expensive tools. The tradi-
tional “rules of thumb” and tool life guide-
lines published by tool manufacturers
simply aren’t good enough anymore.

These traditional approaches use
highly conservative safety margins, which
negatively impact the productivity potential
of the new generation of tools. The result
is unnecessary tool change downtime,
excessive tool maintenance costs and lost
productivity measured in parts not made.

The obvious solution is a sophisticated
process monitoring system that can detect
and track tool wear; avoid false alarms
generated by workpiece variations; and
instantly respond to potentially catastrophic
conditions like chip welding, broken or
damaged teeth and peeling coatings.

An ideal solution would also compensate
automatically for the changes in tool
geometry generated by each resharpening.

Digital Diagnostics

A number of attempts have been made

to adapt standard process monitoring
systems to hobbing operations, but none
have been completely successful. Still, the
need exists. So Artis (a Marposs company,
Auburn Hills, Mich.), worked with a

major transmission builder to develop

a hobbing-specific monitoring system

that would maximize output and tool life
simultaneously.

The resulting system uses sensorless
monitoring of torque data and machine-
mounted sensors to monitor spindle |
vibration, power consumption, and several |7
other parameters. System software uses
those inputs to create an exact signature Artis couples multiple sensor inputs with software specifically designed to detect the kinds of anomalies
of each cutting operation and generate produced by worn and/or damaged tools in wet and dry cylindrical gear hobbing applications (photo courtesy
a good tolerance band on each side of of Liebherr-Verzahntechnik).




The Artis CTM V6 is the latest generation of the company’s
tool, machine and process monitoring solution.

the signature. Subsequent operations are
then compared with the master signature
and allowed to continue as long as all of the
monitored parameters fall within the tolerance
band.
Signature analysis is a proven technology.
What sets the Artis hobbing solution apart
is the fact that the software is optimized to
detect the exact anomalies produced by worn
and damaged hobbing tools. The system
is based on data collected on production
machines that experienced normal wear,
welded chips, peeling coatings and broken
teeth, each of which generated a distinct
signature captured and built into the software.
The availability of real-world data also
enabled the developers to include algorithms

‘Signature analysis is a proven
technology. What sets the Artis
hobbing solution apart is the fact that
the software is optimized to detect the

exact anomalies produced by worn
and damaged hobbing tools."

Gear hobbing at ZF Saarbrucken is performed on
Liebherr gear cutting machines (photo courtesy of
Liebherr-Verzahntechnik).

to detect and compensate for tool diameter
changes caused by resharpening. Since a
modern hobbing tool may be resharpened
up to 15 times, this capability is critical in a
successful process monitoring solution. In
practice, this means an optimum process
signature for a resharpened tool can be
calculated without remastering the tool,
eliminating a substantial cause of hobbing
machine downtime.

Unlike processes where absolute
information such as “tool breakage” or
“missing tool” is sufficient, gear hobbing
requires continuous monitoring to ensure
that tool wear is held strictly within specified
tolerances. Artis has developed a new
feature for the monitoring function to optimize
the gear hobbing process. It is successfully
in operation at ZF Friedrichshafen AG in
Saarbricken, in the company’s production of
high-quality automatic gearboxes.

At Saarbrticken, ZF develops and
manufactures six- and eight-speed automatic
gearboxes for medium and luxury cars. The
model 8 hp eight-speed automatic gearbox
contains four sets of planetary gears and
five shift elements for a total of 20 to 25
gears. With an annual production of 2 million
gearboxes, the gear cutting machines are in
continuous operation, and reliable processes
are required.

Process Parameters

The process monitoring system uses the
milling spindle torque measurement to obtain
information about the condition of the tool.
The torque curve for a known good tool is
“taught” once and then compared with the
actual machining process. The result is
displayed as a curve with the area below the
curve representing the acceptable value for
the operation.

Tool breakage shows up as an anomalous
“spike” in signal intensity. Normal wear
can be tracked as well, and displayed for
the operator. By setting experience-based
limits on the tool’'s “signature” it is possible
to predict the remaining life of the tool. This
reduces downtime, and enables maintenance
and resharpening to be done based on
actual tool condition rather than on a time- or
part-based schedule.

Tool cost savings can add up to five-figure
sums within a few months. The system is able
to optimize cycle time by monitoring the load
during the cut and maintaining the highest
practical metal removal rates compatible with
machine capabilities and desired tool life.

System Integration

ZF uses Type LC gear-cutting machines
from German manufacturer Liebherr-
Verzahntechnik GmbH. Liebherr also
produces universal machines for large
workpieces and special machines for fine
machining and has used Artis process
monitoring systems on its machines for
many years. The gear hobbing function is of
particular interest for machines intended for
workpiece diameters up to 500 mm.

Dr. Oliver Winkel, head of application
technology and technology development
for gear milling at Liebherr-Verzahntechnik,
says, “The CTM system from Artis assists our
customers to ensure the daily number of units
of gearwheels required and, simultaneously,
protects the valuable milling tools and mach-
ines. A breakage not only means unplanned
tool costs and rejects, but also downtimes in
the production and, in the worst case, costly
damage to the gear hobbing machines.
Briefly, the customer can reliably deploy the
capabilities of the machine and tool.”

Dr. Winkel notes that Liebherr uses the
Artis CTM V5 monitoring system (although
CTM V6 is now available), and signal
transmission is carried out without a sensor
via digital performance data (or DTA, digital
torque adapter) directly exported from the
controller via a Profibus connection. “Up to
the present,” he says, “the new features for
gear hobbing have been successfully utilized
on Liebherr milling machines with Siemens
840D SL controllers. The system also
functions on older machines with Siemens
840D PL or other controllers. There is also
an option for analog measurement of the
effective power.”

The initial Liebherr test machine achieved
a 17 percent increase in tool life without
changing any process parameters, simply
by eliminating unnecessary tool changes.
ZF also used the test data to identify and
optimize the tool coating, which produced a
60-percent increase in tool life. That almost
certainly would not have happened had the
data not been available.

A Productivity Breakthrough

The combination of better tools, more
capable machines, and real-time process
monitoring and control systems represents
a real breakthrough in gear making
productivity. With the automotive industry
moving rapidly toward six- and even eight-
speed transmissions, it's a technology
solution whose time has definitely come. [E&

H Marposs Corp., call 248-370-0404 or visit marposs.com/gearcutting

Reprinted from the December 2015 GEAR PRODUCTION and Copyright © 2015 by Gardner Business Media, Inc., 6915 Valley Ave., Cincinnati, Ohio 45244-3029.



