PROGESS MONITORING FOR
MORE EFFECTIVE INDUCTION
HARDENING CONTROL
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D VL Rudnev

One of the most important fea-
tures of a modern induction heat
treating machine is an adequate
monitoring system.

Monitoring systems tell the operator
what is actually happening during pro-
cessing, and whether heat treating the
waorkpiece has been effective,

In earlier years, controls as simple as
dual set point meters were used. These
determined whether a given parameter
was within two preset limits at the time
the circuit was interrogated. With the
advent of the PLC (programmed logic
control), a much larger number of pa-
rameters could be monitored in real time
during the heating ¢ycle. In the early
80°'s HWG GmbH, in Germany (now
part of the INDUCTOHEAT

As microprocessor technology con-
tunued o grow, signature technology

was employed by manufacturers of

strain measuring equipment and eddy
current testers. Modern signature sys-
tems allow the measurement of many
variahles at once with corresponding
real time graphing and SPC (statistical
process control) analysis 1if required,
The question always remains as to
which variables should be monitored
te ensure that the process has been
repeated successfully, One manufac-
turer purchasing a number of machines
took the approach of doing a “design
of experiments” (DOE) for the par-
ticular process. The DOE determined
that there were relatively few param-
eters that affected the process signifi-
cantly. The decision was made to con-
trol the significant parameters,
disregarding the larger number of in-
significant items usuwally considered.

During induction heating there is a
large wariation in material properties,
including electrical resistivity and rela-
tive magnetic permeability for ferro-
magnetic materials, These changes re-
sult in significant redistribution of heat
within the workpiece during the heat-
ing cycle. This variation of resistivity
and permeability duning heat treating
leads to changes in the reference depth
of current in the workpiece. These
changes can be observed by monitor-
ing the conl voltage, current and phase
angle at the induction coil.

While these changes may appear o
be dramatic, there are some factors
that may mask the expected effect,
For a mass heating system running at
relatively low field intensity the rela-
tive permeability may change from 100
to 1 during the cold to hot transition,
For a surface hardening application
running at 10 kW per square inch, the

change may only be from 8

Group), developed the coil
signature system that is sold
on many commercial ma-
chines.

The general idea of the
“signature” 1% o have a sys-
tem that monitors the unregu-
lated variables related to the
work coil, storing the maost
important parameters during
the machine cycle. These val
ues are compared to set points
stored within the PLC, and
an output indication {called
the “signature™) is given on
the display. This is used to
determine whether the vari-
able is inside or outside the
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to 1. Since the reference
depth varies as the inverse
square root of the permeabil-
ity change, the actual change
in inductance from cold to
hot may be relatively small.

In many cases of induc-
tion hardening the actual
change in inductance and
impedance is relatively
small, and 15 greatly reduced
for stronger magnetic fields
and higher power densities.
The most interesting param-
eters are the coil current and
the system power factor {co-
sine of the voltage-current
phase angle). The choice of

set point window,






