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Abstract

Pecent developments in high current, high frequency semi-
conductors have led to a major change m the field of induction
heating power supply specification. Prior to the availability of
these devices, motor generators and vacuum tube radio
frequency oscillators dominated the market. Today, because
of greater efficiency, safety, smaller size and lower cost solid
state power supplies have replaced their predecessors in most
applications. Because of differences in characteristics of solid
state power supplies as opposed to the motor generator or
vacuum tube oscillator it is necessary to use good judgment in
evaluating specific application requirements to facilitate a
harmonious blending of application requirement and power
supply performance characteristics.

History

Pricr to 1970 motor generators and radio frequency
oscillators dominated the market for induction heating power
supplies. In the late 1960°s the development of relatively fast
switching thyristors (SCR's) speared the development of
solid state power supplies for the induction heating industry.
These began in the lower frequency range of 200 Hz to 10kHz
and eventually stretched to 25 kHz and 50 kHz through
frequency multiplication techniques.

A similar development of new higher frequency
semi-conductors (MOS FET's, IGBT's And SIT’s) occurred
in the mid 198("s. This, coupled with similar developments of
high kVAR, low inductance, low loss capacitors and high
efficiency low inductance transformers has converged to
foster the design and production of a variety of different

types of solid state power supplies in the 50kHz to 450 kHz
range to meet the needs of the inducti-« heating industry.
Offered initially in smaller kilowatt sizes, the
development has continued on to include single power
supplies of one Megawatt or more, Applications include
hardening, strip heating, crystal growing, galvannealing, etc.

The question is no longer “Are they feasible? bui is now
“How shall I go about evaluating and applying them for my
own use?”

Characteristics

Vacuum tube oscillators. The vacuum tube oscillator, as
shown in Figure 1, has been the workhorse of the radio
frequency range of induction heating equipment for many
years.
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Figure 1 Vacuum tube oscillator power circuit



This equipment, although dependable with routine
maintenance and tube replacement, was very inefficient
(typically 50 - 60 %) and often dangerous with very high
voltage levels present in the power supply enclosure, It was
often difficult to get a true reading of what level of power was
actually being delivered to a given load; manual calculations
of DC voltage and current levels or calorimeter measurements
for a given coil or load configuration were often required,

The presence of very high voltages (15-20 kV ) in the
DC power section and sometimes nearly double that in peak
AC voltage (AC + DC) on the plate circuit required the use of
very long hose lengths on water circuits to prevent voltage
breakdown across the length of the hose. Corona and arcing
were often seen on problem installations due to the sheer
magnitude of internal voltages.

Special care was required in the specification of the
cooling system which required the use of de-ionized water for
very low conductivity levels and a volume large enough to
dissipate the full KW rating of the power supply because of
internal tube and tank circuit losses.

One saving grace for this type of power supply is the
fact that most any configuration of work coil could be
connected to the output and a reasonable amount of power
would be delivered to the load. The set up was not always
optimum, but in most cases did not need to be. The set up was
generally quick and relatively painless. The wave form across
the load for a radio frequency oscillator would be a high
frequency sine wave of voltage, modulated by the lower line
frequency which can have significant ripple, depending on the
conduction angle of the input SCR controller.

Figure 2
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Figure 2 Qutput voltage wave form for vacuum tube
oscillator (bottom) vs. solid state inverter (top)

Solid state radio frequency power supplies. Solid state
radio frequency power supplies offered many advantages over
the tube style RF oscillator; smaller size, lower cost,

higher reliability, greater efficiency, ease of control and
safety.

Sophisticated control technology allows very precise
timing of the switching of the semiconductors. This is critical
to efficient operation because of the high switching losses that
occur in semi-conductors operating at high frequencies. The
general design strategy is to operate at unity power factor by
using a phase locked loop electronic circuit to force the
switching of the semiconductors to be the same as the load
resonant frequency. This allows switching to occur at very
low levels of voltage and current which leads to lower internal
losses and very high efficiencies (85 - 90 %). On continuous
heating operations, this characteristic alone would dictate the
use of a solid state power supply since at high power levels
the pay back on the equipment purchase would be a very short
time compared to other equipment purchases.

Table 1 Comparison: Approximate annual cost for
continuous operation of a 100 KW solid state inverter vs,
tube oscillator.

Tube oscillator Solid state inv.

Efficiency S0% 85%
Internal loss 100 KW 17.5
Two shifts La00 KW-HR 280
300 days 480,000 KW-HR 84,000
@ 507/ KW-HR 333,600 COST 55,880
Tube 4,000 COST
| Annual Savings $31,720

The control electronics on the solid state inverter give fast and
accurate response, high reliability and are able to
communicate with computer control and monitoring systems.
A comparison of the relative size of comparable
power supplies is shown in Figure 3 for a solid state radio
frequency power supply vs. the earlier tube style RF oscillator.
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Figure 3 Relative size of solid state vs. vacuum tube power
supply






