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VOLTAGE PRESENT IN THIS EQUIPMENT IS LIFE THREATENING!

NECESSARY PROTECTIVE SAFEGUARDS HAVE BEEN
INCORPORATED BY THE MANUFACTURER IN ORDER TO PROVIDE
PROTECTION TO BOTH PERSONNEL AND THE EQUIPMENT.

THE PRESSURE SWITCHES ON ALL WATER-COOLED CAPACITORS
SHOULD NEVER BE JUMPERED OUT, REMOVED, OR DEFEATED IN
ANY WAY.
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1 INDUCTION HEATING PRINCIPLES

Induction heating takes place when a metal work piece is placed in a strong
alternation magnetic field.  The alternation magnetic field causes large eddy currents
to flow within the work piece.  The resistive losses associated with this flow of current
causes heating of the part.  The alternating magnetic field is created by the
alternating current the induction heating coil or inductor.

The basic elements of the induction heating system are shown in Figure 1.1

INDUCTION HEATING SYSTEM

Figure 1.1

The power induced in a work piece within the heating coil depends on the voltage
and current supplied to the coil.  The output of the STATIPOWER Inverter system is
variable in frequency.  The output of the alternating current source is coupled through
a variable ratio, high frequency isolation transformer and a tuning capacitor to the
induction heating coil.

Both the voltage applied to the coil and the coil power vary as a function of frequency
as shown in Figure 1.2.
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The Inductoheat STATIPOWER unit uses this power versus frequency relationship to
control the power supplied to the load.  As shown by Figure 1.2, very little frequency
change is required to cause a large change in output power.  This curve describes
one specific loading condition.

POWER AND VOLTAGE VS FREQUENCY RELATIONSHIP

Figure 1.2
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In practice, the inductance of the coil and the resonant frequency of the tuned load
change as the work piece passes through Curie temperature of experiences any
other effect which radically changes the coupling between the coil and work piece.
The effect of such a change is shown by Figure 1.3.

EFFECT OF CURIE TEMPERATURE

Figure 1.3
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2. THEORY OF OPERATION

The STATIPOWER high frequency power supply consists of three subsystems: The Direct
Current (DC) power supply, the Insulated Gate Bipolar Transistor (IGBT) Inverter, and the
control system.  Each is illustrated in the block diagram of Figure 2.1.  The DC supply converts
the 60 Hz input to DC.  The IGBT inverter converts the DC power to high frequency AC power.
The Control subsystem monitors the operator input and the internal inverter signals to regulate
the power output.

The 3 phase AC input is converted to DC by a 3 phase, full-wave bridge rectifier and passed by
the DC choke and the capacitor filter to the Inverter.  Conversion to DC prior to high frequency
(HF) inversion provided a constant input power factor of 0.93.

The function of the Inverter subsystem is to convert DC power to high frequency AC power
required at the induction heating coil. The power output to the load is controlled by varying the
frequency of the base drive pulses which are generated in the Control subsystem.

The Control subsystem monitors the feedback signals and compares them to acceptable preset
limits.  The frequency of the Inverter is automatically increased by the Control subsystem until
full set power is achieved.  If a limit is reached before full set power is attained, the
STATIPOWER will continue to operate at the maximum power output attainable within the set
limits.  Annunciating lights indicate when set power or one of the other operating limits has
been reached.  They also indicate faults that prevent system operation.
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2.1. DC POWER SUPPLY

The function of the DC Power Supply subsystem is to convert the three phase line (460
volt, 60 hertz) power to the DC power required by the Inverter subsystem.

A simple three phase diode bridge rectifier is used to convert from AC to DC.  A filter is
employed to provide isolation between the Inverter AC current and the AC line supply.

2.1.1. Protection

The semiconductor bridge rectifier must be protected against over-current
conditions and overvoltage transients.  This protection is accomplished through
the use of an input circuit breaker, input line fuses, and a DC choke.

The input line power circuit breaker and line fuses are rated to carry the line
current required for continuous operation (at minimum line voltage) at 100%
power output.  They are fast-acting to protect the semiconductor diode rectifiers
from damage in case of a fault.

2.1.2. Filtering

The DC filter capacitor provides a low impedance voltage source to the inverter.
The current drawn out of the filter capacitor alternates at the frequency of the
inverter.  The filter capacitor is not large in capacitance value but does have a
high AC current rating (KVAR).

The DC choke provides the isolation required to keep high frequency inverter
signals off the input power lines.
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2.2. IGBT INVERTER

The function of the Inverter subsystem is to convert the DC voltage from the DC Power
Supply to high frequency AC voltage.  The IGBT (Insulated Gate Bipolar Transistor)
functions as a switch, turning ON when a positive voltage is applied to the base, and
turning OFF when the voltage is dropped to zero or goes negative relative to the emitter.

The Full Bridge circuit configuration is designed to supply a high voltage output to a high
impedance inductor coil.  A simplified diagram of the inverter circuit is shown in Figure
2.2.  The switching sequence for one complete cycle is illustrated by the diagrams in
Figure 2.3.

The following paragraphs described how the DC current supplied by the DC Power
Supply is converted to alternating current.  Conventional current flow is assumed for the
purpose of explanation.

SIMPLIFIED IGBT INVERTER DIAGRAM
Figure 2.2
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INVERTER SWITCHING SEQUENCE DIAGRAM
Figure 2.3
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The cycle begins when IGBT’s TA1 and TB2 are turned on by their respective base
drive signals.  This is represented in Figure 2.3 (a) by the closed switches TA1 and
TB2.  Current flows from the positive DC supply through TA1, the series capacitor
Cs, and the load coil via the output isolation transformer, them through TB2 and back
to the negative DC supply.  Current flow in the series resonant output circuit causes a
ring up of the voltage across Cs (represented by E’) which reverses the direction of
the current.

The second phase of the cycle occurs when DA1 and DB2 are turned on.  Current
flows in the opposite direction as the series capacitor, shown as a voltage source (b),
discharges causing the diodes DA1 and DB2 to conduct.  The transistors TA1 and
TB2 are turned off during this period of diode conduction.  The current flows through
the closed switches DA1 and DB2 which represent the diodes shown in Figure 2.2.

The third phase ( c ) begins when TA2 and TB1 are turned on by their respective
base drive signals.  The series capacitor again charges to E’ with a polarity reverse
that of the first phase of the cycle.

In the fourth phase (d) diodes DB1 and DA2 conduct while the series capacitor
discharges, completing the second half of a full cycle of output.

In the SP12 STATIPOWER the load coil is connected in series with the tuning
(series) capacitor (Cs), which is coupled through an isolation transformer.  The load,
therefore, is in the same current path with the transistor and diode current.  The
current through the load, however, is increased by the ratio of the isolation
transformer.  Both the output coil current and voltage are sinusoidal, and power is
controlled by varying the Inverter frequency.
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2.3. CONTROL

The Control system block diagram is illustrated in Figure 2.4.  The Control Board with its
own integral power supply is the heart of the control section.

The feedback assembly provides signals representing system operating levels to the
Control Board circuits.  This board also serves to isolate the control board from inverter
voltages.

The meter panel has meters and indicator lights that are provided to monitor the operation
of the STATIPOWER.  The meter panel also provides operator controls which interface
with the control circuitry.

The function of the Control system is to provide IGBT base drive pulses to the inverter.
The frequency of the pulses determines the output power of the inverter.

The control circuitry automatically increases output power until set power or one of the
preset operation limits is reached.  The following control functions will be discussed to
further describe the operation of the control system:

1. Annunciation Lights
2. Feedback Board
3. Base Driver Board
4. Heat On-Off Logic
5. Limit Circuits
6. Regulation Mode
7. Protection
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2.3.1. Annunciating Lights

Thirteen lights are provided to indicate the status of STATIPOWER operation.
these lights are on the annunciator assembly located on the front panel of the
power supply.

Ready Indicates that all faults are clear and that heat may be turned
on.

Heat On Indicates that the Heat On circuit is closed and the inverter
should be delivering high frequency output power to the
heating coil.

Power Limit Indicates that Set Power is being supplied (if the Inverter is in
the Power Regulation mode).  If the inverter is in some other
regulation mode, this light indicates that maximum achievable
power is being delivered for these particular load tuning
conditions.

Voltage Limit Indicates that maximum output voltage is being supplied and
no further increase in output power is possible without
changing the load tuning.  When in voltage regulation mode,
this light indicates that the set level of output voltage is being
supplied.

Current Limit This light indicates that maximum output current is being
supplied.  When in current regulation mode, this light indicates
that the set level of output current is being supplied.

Cap Volts Limit Indicates that maximum allowable series capacitor (Cs) voltage
has been reached.  No further increase in power is possible
with existing load tuning.

High Freq Limit Indicates that the inverter is operating at the high frequency
limit (100% of the rated frequency), and no further increase of
output power is possible with existing load tuning.

High Q Limit Indicates that the load Q is too high and an increase in power
is not possible with existing load tuning.

Low Q Limit Indicates that further increase of frequency will not increase
power output, and that maximum power is being delivered with
existing load tuning.

Current Fault Indicates that maximum allowable IGBT current has been
reached (Output Current Trip).  This condition will shut off heat.
Heat-On logic must be manually turned off before this latching
fault can be reset.
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Fuse Fault (DC Fault)  Indicates that no voltage is present across the filter
capacitor   (Cf).  This fault indicates that a line fuse (or one or
more DC panel fuses) has blown.  This condition will shut off
heat.

Cooling Fault Indicates that the IGBT heat sink temperature switch, cooling
water inlet temperature switch, one of the cooling water outlet
temperature switches, or the input pressure differential switch
has tripped.  This condition will shut off heat.  Heat-On logic
must be manually turned off before this latching fault can be
reset.

Auxiliary Fault The use of an Auxiliary Fault depends on an actual
modification of the Statipower  Power Supply.  It could be
used to detect any additional abnormal conditions of operation
of the Power Supply. Heat-On logic must be manually turned
off before this latching fault can be reset.  (Refer to the actual
drawings set of the SP12 for more information).
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2.3.2. Feedback Board

The Feedback Board provides voltage isolation and scaling of inverter signals
before they are applied to the Control Board.  It also allows for complete system
calibration without altering the factory calibration of the Control Board. This
allows Control Boards to be substituted or replaced without system re-calibration.

FEEDBACK BOARD
Figure 2.5
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2.3.3. Base Driver Board

The IGBT Firing Pulse generation circuit is located on the Base Driver Board.
Base drive signals are generated to control the turn-on and turn-off of the
appropriate IGBT’s of the inverter bridge.

The ON/OFF sequence of these signals (Figure 2.7) produces the inverter
switching sequences described in Section 2.2.  The 2.3 microsecond delay
prevents the possibility of a short occurring across the filter capacitor due to
overlapping conduction of two series connected IGBT’s in a module.

BASE DRIVER BOARD
Figure 2.6
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2.3.4. Heat On-Off Logic

The Heat ON and Heat OFF sequence and timing is very critical in a high power
inverter.  Digital logic circuits are hardwire programmed to insure that the proper
sequence is executed on each and every start and stop.  This sequencing is
initiated by operation of the Heat On relay or switch (see Figure 3.3).  The output
of this circuit controls the Firing Pulse Logic portion of the control subsystem
(Base Driver Board).

IGBT BASE DRIVE SIGNALS
Figure 2.7
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2.3.5. Limit Circuits

Eight limits insure the proper operation of the STATIPOWER.

2.3.5.1. Power Set Control – The Power Set control sets the limit to which
power may be increased.  This limit is set by the potentiometer on the
front panel of the power supply or through external control.  Inputs for 0-
10Vdc and 4-20mA external control are also provided.

2.3.5.2. Output Voltage Limit – The function of the Volt limit circuit is to limit
the output voltage of the inverter section.  This protects the output
circuit components.  Output voltage is supplied to the control board via
the high frequency feedback assembly.  This voltage is compared to a
preset volt limit. If the limit is reached, a limit signal is generated and
sent to the power control circuit to prevent any further increase in
frequency and output voltage.  This limit can also be used as the mode
of regulation.

2.3.5.3. Output Current Limit – The function of the Current limit circuit is to
limit the output current of the inverter section.  This protects the IGBT’s
and output transformer from exceeding their rated current.  This current
is compared to a preset current limit.  If the limit is reached, a limit
signal is generated and sent to the power control circuit to prevent any
further increase in frequency and output current.  Output current can
also be used as the mode of regulation.

2.3.5.4. Capacitor Volt Limit – The function of the Capacitor Volt limit circuit is
to protect the series capacitor (Cs) from excessive voltage.  The
capacitor voltage feedback signal is properly scaled and transformer
isolated by the feedback assembly and then supplied to the control
board where it is compared to a preset volt limit.  If the limit is reached,
a limit signal is generated and applied to the power control circuit to
prevent further increase in frequency and capacitor voltage.

2.3.5.5. High Frequency Limit – This limit sets the maximum output frequency
of the inverter.  It is internally set at the factory to match the nameplate
rating of the inverter and must not be field adjusted.  A High Frequency
limit indicates that the inverter is operating at a frequency much lower
than the load resonant frequency.  The load resonant frequency must
be reduced to increase the output power.
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2.3.5.6. Low Q* Limit – The function of the Low Q Limit is to prevent a further
increase in frequency when the output frequency of the inverter
matches the load resonant frequency.  At this point the inverter is
operating at unity output power factor and an increase in inverter
frequency would result in a reduction in output power as shown in
Figure 1.2.

2.3.5.7. High Q* Limit – The function of the High Q Limit is to protect the
inverter transistors from switching excessively high currents due to a
high load reactive component.  This limit will prevent a further increase
in frequency and power output until the load Q is reduced.

2.3.5.8. Output Current Trip – The Output Current Trip is a peak-responding
Current Fault circuit that shuts off the inverter in the event of over
current caused by a shorted load or severe load mismatching.  This is a
latching type fault and heat must be shut off before any fault can be
reset.

* The term “Q” is defined by the ratio of inductive reactance to resistance in the
Load Circuit.  Higher Q produces higher current.
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2.3.6. Regulation Mode

The power is regulated by the Control Board using the Power Set control
potentiometer on the front panel of the inverter as input.  Input can also originate
from an external heat potentiometer, a 0-10Vdc control signal, a 4-20mA control
signal, or an optional RS232 interface.

The control system forces the inverter frequency to increase until set power is
reached.  As the IGBT base drive frequency is increased, the STATIPOWER
output voltage and output current are measured and true power is computed.
The measured power is compared to the Power Set level.  When the two are
equal, a control signal is generated which stops any further increase of the
inverter frequency, thus limiting output power to the Power Set level.  The
increase in firing frequency will also be stopped if a limit is reached before the
Power Set level is attained.

Regulation of output voltage or output current is also available.  Using the
jumpjacks provided on the Control Board, the regulation mode is selected as
shown in Figure 2.8.  One mode is selected for regulation and the other two are
set as limits.

CAUTION – Never move jumpjacks while inverter is operating!

REGULATION MODE SELECTION
Figure 2.8
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2.3.7. Protection

A Water temperature switch is provided at the IGBT heat sink to protect the
transistors from excessive heat caused by low water flow or excessively high
water temperature.  A water pressure differential switch ensures proper pressure
drop across the water-cooled components in the power supply.  A pressure
switch is provided on the series capacitor (Cs) to indicate excessive internal
pressure in the case, and usually wired in to the Main Circuit Breaker UVR circuit
(if equipped) or Auxiliary Fault.  Peak output current detection is provided to
protect the inverter from shorted loads.  Units equipped with a transformer tap
switch incorporate a limit switch to prevent output switching while under load.

All faults are latched and signaled on the LED annunciator.  Heat-On logic must
be shut off manually before faults can be reset and power resumed.  Other
protection interlocks may also be wired in series with the Auxiliary Fault.

NOTE:  See Amendments for the Optional protective circuits.
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3. INSTALLATION

3.1. INSTALLATION

1. All bracing and tie-downs required for shipment of the equipment labeled “Shipping
Only” must be removed.

2. When used with a closed loop water recirculation system, nonferrous plumbing,
pumps, and tanks must be used  exclusively.  Before connecting the water
recirculation system the unit must be thoroughly flushed to remove the antifreeze
solution used to protect the power supply during shipping.

3. Utilities, as listed on the Utility Interconnection drawing, are to be provided at the
power supply.  Utilities include a 3 phase power connection, a water source and a
ground connection.

4. Three phase input power must be connected to the STATIPOWER input circuit
breaker.  Phase rotation is not important, except for the units with built-in Unicool
water recirculation system.

5. The inlet water temperature must not exceed 95 Degrees Fahrenheit (35 Degrees
Celsius) and the inlet pressure must be high enough (typ. 25 PSI differential minimum)
to obtain the minimum flow indicated on the utility installation drawing.

6. Cooling water to the heating coil is usually provided from inside the inverter.  Some
coils, may require an external supply with a high pressure pump to provide adequate
water flow for cooling.

7. A ground connection must be installed from the cabinet to a good earth ground.

8. Control wiring should not be routed in close proximity to any high voltage lines or high
frequency output lines.
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3.2. START-UP PROCEDURE

1. Install an appropriate heating coil (See Section 3.4 for information on load matching).
The coil is connected to the fittings located on the side panel of the STATIPOWER, or
to the external water supply.

2. Turn on the water supply and check for proper flow and leaks.

3. Close the Circuit Breaker on the front of the cabinet.

4. Press the “Reset” button on the Meter Panel.  All annunciator faults should clear.
Some models may be equipped with two disconnects.  Close the second one at this
time, and press the “Reset” button again to clear “Fuse” fault.

5. Turn the Power Regulation Dial to a setting of 0.00.

6. Turn on Heat.  Several modes of Heat control are available.  See Section 3.3 for a
complete discussion of these options.

METER PANEL LAYOUT
(Some control shown is optional)

Figure 3.1
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3.3. HEAT CONTROL OPTIONS
CAUTION  -  NEVER move jump-jacks while inverter is running!

3.3.1. “Heat-On Control

This section describes options for turning on and off the high frequency power
(“heat”) to the load.  See Figures 3.1, 3.2, and 3.3 for reference.

3.3.1.1. Momentary Operation – Heat is turned on by pressing the “Start”
button or by closing an external “heat-on” contact (see Figure 3.2).  The
heat will remain on only as long as the “Start” button is depressed or
the external contact remains closed.  To set up the system to operate in
this manner;

1.) Set the selector switch on the Meter Panel to “Manual” if
equipped.

2.) Move the selector jump-jack on the Annunciator Interface board
away from the “Latch” position.

3.3.1.2. Latched Operation – Heat is turned on by pressing the “Start” button
or by closing an external “heat-on” contact (see Figure 3.2).  The heat
will remain on until the “Stop” button is pressed or the Remote Stop
interlock contact is opened.  To set up the system to operate in this
manner;

1.) Set the selector switch on the Meter Panel to “Manual” if
equipped.

2.) Move the selector jump-jack on the Annunciator Interface board
to the “Latch” position.

3.3.1.3. Timed Operation (if equipped with an optional timer) – Heat is
turned on for a specific amount of time.  Heat may be turned on by
pressing the “Start” button or by closing an external “heat-on” contact
(see Figure 3.2).  The timer will start when heat is turned on.  Heat will
remain on until the preset amount of time has elapsed.  To set up the
system to operate in this manner;

1.) Set the selector switch on the Meter Panel to “Timed”.

2.) Move the selector jump-jack on the Annunciator Interface
assembly to the “Latch” Position.

3.) Set the timer for the amount of heat time required.
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3.3.2. “Heat-Level” Control

This section describes options for setting the amount of “heat” applied to the load.
See Figures 3.1, 3.2, and 3.3 for reference.

3.3.2.1. Local Heat Potentiometer – The amount of high frequency power is
selected by adjusting the heat potentiometer dial on the Meter Panel.
To set up the system to operate in this manner, move the Remote/Local
Heat Pot jump-jack to the “Local” position.

3.3.2.2. Remote Heat Potentiometer – The amount of high frequency power is
selected by adjusting a heat potentiometer dial at a remote interface
station.  To set up the system to operate in this manner, move the
Remote/Local Heat Pot jump-jack to the “Remote” position.  The remote
potentiometer should be connected to the Annunciator Interface remote
heat pot terminals: CW to “+”, wiper to “W”, CCW to “—“.

3.3.2.3. Remote Analog Input,  0-10Vdc – The amount of high frequency
power is determined by a 0-10Vdc analog signal generated by an
external/remote source.  to set up the system to operate in this manner,
move the Remote/Local Heat Pot jump-jack to the “Remote” position.
The 0-10Vdc analog signal should be connected to the Annunciator
Interface remote heat pot terminals: +10Vdc to “W”, ground to “—“.

3.3.2.4. Remote Analog Input,  4-20mA – The amount of high frequency
power is determined by a 4-20mA analog signal generated by an
external/remote source.  To set up the system to operate in this
manner, move the Remote/Local Heat Pot jump-jack to the “4-20”
position.  The 4-20mA analog signal should be connected to the
Annunciator Interface remote 4-20mA terminals:  plus to “+”, shield to
“C”, and minus to “—“.
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ANNUNCIATOR INTERFACE ASSEMBLY
Figure 3.2
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ANNUNCIATOR INTERFACE ASSEMBLY
Figure 3.2.1
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3.3.3. Heat Timer Operation (If equipped with an optional timer).

The standard timer used on the SP12 is the ATC 365A Long Range Timer.  The
365 is a digital, microprocessor based timer with two relays providing
instantaneous and delayed outputs.

Timing (part heating) begins when power is applied to the timer (see Section
3.3.1.3).  The timer counts down from its present value to zero, at which time heat
is turned off.  A delayed contact (see normally closed contact 1 TR in Figure 3.3)
changes state simultaneously when the timer “times out”, turning heat off.  Reset
occurs when power is interrupted to the timer.

The set point (heat time) can be any three digit value between 0.001 and 999
seconds, minutes, or hours.  The three digits are set with the rotary switch knobs
located beneath each digit.  These knobs can be rotated in either direction (CW or
CCW), and they are “pull” removable, if digit set security is desired.  A timing bar
appears to the right of the digits and blinks once every second during timing.

“HEAT ON” LOGIC
Figure 3.3
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3.4. LOAD TUNING

Load tuning consists of adjusting the STATIPOWER output load circuit capacitance (or
inductance).  The objective is to match the resonant frequency of the load circuit to the
operating frequency of the power supply (while staying within the current range of the
IGBT’s).  Improper tuning will result in inefficient use of available power.  The load circuit
consists of the tuning capacitor, isolation transformer, and the heating coil.

The tuning capacitance (also referred to as series capacitance) consists of several
capacitor taps connected in parallel.  They are connected to the circuit such that they can
be removed or added for tuning the load.  At least one capacitor tap must be in the circuit
at all times.  Figure 3.4 shows a diagram of the Series Capacitor.  The circuit inductance
appears in the turns of the transformer and heating coil.

SERIES CAPACITOR
Figure 3.4
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3.4.1. Induction Heating Coil with Tapped Isolation Transformer

An inductor coil connected through an isolation transformer to a high frequency
power source is illustrated in figure 3.  Note the approximate relationships of load
power, primary turns, secondary turns, and frequency.  Parameters with a subscript
1 are the initial parameter values recorded from the equipment.  Parameters with
subscript 2 are the desired final parameter values.

A load matching procedure is outlined on Table 3.1.  The chart shows operating
conditions related to STATIPOWER output limits with the corrective load-matching
steps to be taken.  If the desired output cannot be obtained by these outlined
procedures, consult the Inductoheat Service Department for additional information.

INDUCTION HEATING COIL WITH ISOLATION TRANSFORMER
Figure 3.5
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NOTE

It is extremely important that adequate data be recorded for each production
set-up as well as any attempt at load-matching.  For this purpose a sample of
the set-up data sheet used by Inductoheat is included in this manual.  (See
Figure 3.7 for reference or direct copy).

METER READINGS MATCHING PROCEDURE

LIMIT

VOLT KW FREQ*
TUNING

CAPACITOR
COIL TURNS

VOLT MAX
60%
TO

95%

Reduce coil turns until
power regulation or
high freq. Limit is
obtained.

FREQ MAX
Add tuning capacitor
until power regulation
or low Q is obtained.

CURRENT

Remove tuning
capacitor until power
regulation or low Q is
obtained.

Increase coil turns
until power regulation
is obtained.

LOW Q

Increase coil turns
until power regulation
or high freq. Limit is
obtained.

HIGH Q

LOW

LOW

60%
TO

95%

Remove tuning
capacitor until power
regulation or low Q is
obtained.

•  For any limit condition, if the frequency of the inverter is below 60% of rated value, remove tuning capacitance until
frequency is between 60% and 95% of rated value.

TAPPED INDUCTION HEATING COIL
TUNING CHART

Table 3.1
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3.4.2. Determining Load Power Characteristics

With load power matching, it is extremely important to recognize the power
characteristics of a load if operated at 100% load voltage.  For this purpose Figure
3.6 provides a quick reference chart for diagnosis of a load’s characteristics.  The
load voltage and load power values can be read directly from the power supply
meter panel.  The load voltage and load power relationship should be such that the
system operates at 100% kW load.  The Load Voltage/Load Power Chart is a
convenient tool for making power match changes and should be readily accessible
for reference by setup personnel.

For example, a connected load operating at 90% load voltage and 35% load power
would be diagnosed to be a 40% kW load.  The problem is that the power supply
and output load circuit impedance’s are not matched properly (load power is too
low).  The solution would be to decrease the transformer ratio.  This would
decrease the load impedance and, therefore, increase the load power.  Increasing
load power will move the kW load value toward 100%.

Accordingly, a load operating at 40% load voltage and 40% load power would be
diagnosed as a 250% kW load.  The problem is that the power supply and output
load circuit impedance’s are not matched properly (load power is too high).  The
solution would be to increase the transformer ratio. This would increase the load
impedance and, therefore, decrease the load power.  Decreasing load power will
move the kW load value toward 100%.

ZLOAD = ZPOWER SUPPLY x Ratio2,           Ratio = TPRI / TSEC

P = E2 / ZLOAD
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LOAD VOLTAGE/LOAD POWER CHART
Figure 3.6
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4. SAFETY

4.1. SAFETY WARNING

Voltage present in this equipment is LIFE THREATENING.  Necessary
protective safeguards have been incorporated by the manufacturer in order to
protect both your personnel and the equipment.

YOU, NOT THIS EQUIPMENT MANUAL, ARE ULTIMATELY RESPONSIBLE FOR
DETERMINING WHETHER OR NOT IT IS SAFE TO ENTER OR ADJUST THE
EQUIPMENT.

Extreme caution must be exercised when doing maintenance work on high power
electrical equipment.  The STATIPOWER is no exception.  When making static
measurements (with power off) lock the circuit breaker operating mechanism in the
Off position.  Dynamic troubleshooting is performed with line circuit breaker ON and
with the cabinet opened.  In this case high voltages are present and exposed.  It is,
therefore, imperative that all power be shut off in the inverter before connecting
probes to the various test points.  Use of approved rubber gloves is recommended
while Power ON tests are being made.

The pressure switches on all water-cooled capacitors should never be jumpered out,
removed, or defeated in any way.  If a capacitor begins to build up pressure due to
internal arcing, the pressure switch will open and turn off the high frequency power.

4.2. PREVENTIVE MAINTENANCE

All components of your induction heating equipment are selected for maximum life with
minimum maintenance.  However, following the maintenance checklists provided will
minimize costly shut-downs and promote responsible ownership of your equipment.
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DAILY MAINTENANCE CHECKLIST

1. Maintain a daily log of the normal operating parameters and report
any apparent changes in performance so that possible difficulties can
be investigated by appropriate personnel.

2. Visually inspect the inverter for evidence of water leaks, arcing, or
component overheating.

3. All doors must be kept closed at all times to keep contaminants from
accumulating within the enclosure.

Previous Completion Date:_______________ By:__________
Next Scheduled Date:____________

Completed by____________________________Date_____________
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WEEKLY MAINTENANCE CHECKLIST

1. Visually inspect the inverter for swollen and/or leaking
capacitor condition (filter, series, and snubber
capacitors).

2. Inspect for evidence of arcing and component overheating.

3. Visually inspect the cleanliness and level of the water in the
water system tank.

Previous Completion Date:_________ By:_______
Next Scheduled Date:________

Completed by______________________________ Date_________
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MONTHLY MAINTENANCE CHECKLIST

1. Ensure proper operation of all protection circuits associated
with:  Pressure Switches, Temperature Switches, and Limit
Switches.

2. If deionized water is used for cooling, check the water
conductivity to ensure that is below 400 micro-mhos. If it is
not, the system should be flushed and refilled.

3. Test all water circuit hoses for flow condition by pinching off
each hose at the manifold and observing the resulting
pressure gauge dial indicator fluctuation.  Relieve any
blockages.

4. Check electrical (bus connections and wire terminals) and
water circuit connections for tight connections and worn
hoses.

Previous Completion Date:_________ By:_______
Next Scheduled Date:________

Completed By______________________________Date__________
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4.3. OPERATOR TROUBLESHOOTING

The checks that should be made by the operator before calling maintenance personnel
are listed in Table 4.1.  Using this chart, it is possible to restore the STATIPOWER to
operation without unnecessary delay.  It can be used by non-technical personnel and
does not require test equipment.

PROBLEM #1 No Heat

PROBABLE CAUSES SOLUTIONS

Heat On Switch Not Closing

Check Local/Remote jumpjack on Annunciator
Interface for proper position (See Section 3.3).
Check Heat On switch and timer for proper
operation.

A fault has not been reset before
heat was keyed.

Turn heat off and reset fault.

Water temperature is too high.
(This should be accompanied by a
cooling fault)

Correct the cause of the hot water.  Wait until
inlet temperature switch resets.

PROBLEM #2 Low Heat

PROBABLE CAUSES SOLUTIONS

Regulation input set low.
Set heat level potentiometer or external input to
correct setting.

Control Board malfunction. Call Maintenance.

Inverter load impedance too high
or too low.

Retune the inverter (See Section 3.4).

Local/Remote jumpjack on
Annunciator Interface set in wrong
position.

Check jumpjack positions (See Section 3.3).

Problem #3 Limit Light On, No Regulation

PROBABLE CAUSES SOLUTIONS

Inverter load improperly tuned. Retune the inverter (See Section 3.4).

OPERATOR’S TROUBLESHOOTING CHART
Table 4.1
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4.4. TECHNICIAN STATIC TROUBLESHOOTING

This section will attempt to classify failures in circuit function under major sub-assemblies
for ease of location and rapid replacement, since it is not practical to list all possible failure
situations.  This will provide maintenance personnel with the necessary information to get
the system “Back on Line” in the shortest possible time.  It is recommended that the
equipment purchaser obtain the recommended complement of spare parts.

CAUTION!

WHEN STATIC TROUBLESHOOTING INSIDE THE POWER SUPPLY
CABINET, ALWAYS LOCK THE CIRCUIT BREAKER OFF!

All measurements that are described in this section can be made using a VOM Multi-meter
(Simpson model 260 or equivalent).  Static checks are defined as those that the technician
can perform with the power off.  Nearly 95% of STATIPOWER failures can be found and
corrected using these procedures.

The Technicians Static Troubleshooting Chart, Table 4.2, identifies most sources of
STATIPOWER failure.  If, however, the problem cannot be found and corrected with this
table contact the manufacturer for additional information.  Before contacting the
manufacturer, fill out the Customer Phone Checklist and include any additional steps you
have completed in your troubleshooting.
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4.4.1. Customer Phone Checklist

Complete this check list before calling for service assistance.  Refer to the phone
directory in Appendix A.

1. If possible, energize the Main Circuit breaker, turn Heat ON,and record the
following:

a. Meter reading:______ %V_______ %KW ______ %FREQ.
______ %CURRENT ______ Transformer Tap Ratio.
______ mF Tuning Capacitance

b. Annunciator Lights

c. Does the meter reading change during the heat cycle?

d. Input current (Using clamp-on amp probe):  ______ Amps

2. If the Fuses blow when the main disconnect is closed, turn off all input power
to the Power Supply and record the following resistance data as described in
Section 4.4.3:

a. Input Rectifier Diodes.

b. IGBT.

3. Record the Inverter Model Number and Serial Number from the nameplate
located inside the cabinet.
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4.4.2. Static Troubleshooting Chart

PROBLEM #1 Fuses blow when circuit breaker is closed.

PROBABLE CAUSE SOLUTIONS

Failed inverter power component.
Make a complete ohmmeter check of the diode
bridge, IGBT’s and capacitors (See Section
4.4.3).

PROBLEM #2 No Heat

PROBABLE CAUSES SOLUTIONS

Heat On relay not closing.

Check Local/Remote jumpjack on Annunciator
Interface for proper position (See Section 3.3).
Check Heat On relay and timer for proper
operation. Replace if faulty.

Control Board fuse blown. Replace fuse on the Control Board.

Transformer Tap Switch hung up
between two positions. (If equipped)

Move switch to proper position.

PROBLEM #3 No Heat, but “Heat On” light is On

PROBABLE CAUSES SOLUTIONS

Gate leads open between Base
Drive Board and IGBT.

Check connection of red and white gate leads
to the Base Drive Board and IGBT’s.

A fault circuit has latched on:
! Cooling
! Auxiliary
! Over Current Trip

Turn off heat, press “Reset” and attempt to
restart. If the fault does not clear, or occurs
again, locate the cause of the fault.

Loose or open connection between
Control Board and Feedback Board.

Tighten or reconnect ribbon cable.

Failed Control Board. Replace the Control Board.

Failed Base Drive Board. Replace the Base Drive Board.

NOTE:  Perform complete Ohm meter check of the IGBT’s when replacing the Base
Drive Board.

TECHNICIAN’S STATIC TROUBLESHOOTING CHART
Table 4.2
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PROBLEM #4 Control Fuses Blown

PROBABLE CAUSE SOLUTION

Shorted AC control voltage. Identify and correct the short condition.

PROBLEM #5 Voltmeter Reads High, Power Out is Low

PROBABLE CAUSE SOLUTION

Load is mistuned. Retune the load (See Section 3.4).

PROBLEM #6 Low Heat

PROBABLE CAUSES SOLUTIONS

Jumpjack positions on Annunciator
Interface set incorrectly.

Check jumpjack positions (See Section 3.3).

Regulation input is set low.
Set regulation dial or external input to correct
setting.

Regulation dial failed. Check dial for a short, or open, or broken wire.

Load is mistuned. Retune the load (See Section 3.4).

PROBLEM #7 Low Heat

PROBABLE CAUSES SOLUTIONS

Failed Meter. Replace Meter.

Failed Control Board.
Check by replacing a meter with a VOM set to
1mA scale. If no output is seen on the VOM,
replace the Control Board.

Wiring problem.
Check wiring to Feedback, Control and
Annunciator Boards.

Note:
When control power is energized, -15 VDC is applied to the base of the IGBT’s. A
failed transistor module will almost always result in a shorted base which will in turn
cause a dimming of the LED pilot light on the base driver card. A dim LED or a LED
that fades in brilliance much faster than the others when control power is removed,
always indicates an IGBT or base driver failure.

STATIC TROUBLESHOOTING CHART (CONTINUED)
TABLE 4.2
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4.4.3. Semiconductor Resistance Check

All power must be turned off.  This section describes the procedures for
checking the bridge rectifier diodes and the IGBT’s.

Meter readings should be taken with a Simpson 260 multi-meter (or equivalent).
Set up the meter as follows;  (+) DC mode, Plus lead (Red) on (+) terminal,
Minus lead (Black) on common terminal.

A resistance greater than 20K W should be read from any point on the power
circuit to ground.  Connect the Minus lead to the cabinet ground and use the Plus
lead to probe around the primary of the power circuit testing all capacitors and
power components.   If a shorted or low resistance condition is present, inspect
the entire circuit by breaking connections until the short or faulty component is
isolated.

The goal of the following procedures is to locate shorted or otherwise defective
semiconductors.  The resistance values given are approximate.  Actual values
may vary significantly due to fluctuation conditions in individual STATIPOWERS.
Semiconductor failures, however, are usually quite obvious.  A failed component
will usually result in a near zero resistance reading.  A module should also be
considered suspect if the values vary from those given by a factor of 10 or more.
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4.4.3.1. DC Bridge Rectifier – The rectifier diode module is shown below and
the diodes are checked as follows:

1. Remove the fuses to the primary of the control transformer.

2. Connect the Plus meter lead to the (-) bridge terminal and touch the
Minus lead to the AC1, AC2, and AC3 terminals. Readings of
approximately 440 ohms should be recorded in each case (Rx100
scale).

3. Connect the Minus meter lead to the (+) bridge terminal and touch
the Plus lead to the AC1, AC2 and AC3 terminals. Readings of
approximately 440 ohms should be recorded in each case (Rx100
scale).

4. Connect the Minus meter lead to the (-) bridge terminal and touch
the Plus lead to the AC1, AC2 and AC3 terminals. Readings of
approximately 29k ohms should be recorded in each case
(Rx10,000 scale).

5. Connect the Plus meter lead to the (+) bridge terminal and touch the
Minus lead to the AC1, AC2 and AC3 terminals. Readings of
approximately 29k ohms should be recorded in each case
(Rx10,000 scale).

6. All six 440-ohm readings and six 29k-ohm readings should be
approximately identical.  If the readings varied widely or a short is
present, replace the rectifier module.

7. Replace the fuses in the primary of the control transformer.

DC BRIDGE RECTIFIER
Figure 4.1



Inductoheat 4   Maintenance

SP12  Version 2.2 – March 2000 4 - 12

4.4.3.2. IGBT – The IGBT schematic below and it is checked as follows:

1. Put the plus lead on terminal C1 and the Minus lead on terminal E1.
The resistance reading should be approximately 19k ohms
(Rx10,100 scale).

2. Put the plus lead on C2 and the Minus lead on E2.  The resistance
reading should be about 7k ohms (Rx10,000 scale).

3. Put the Plus lead on E1 and the Minus lead on C1.  The resistance
reading should be about 340 ohms (Rx100 scale).

4. Put the Plus lead on E2 and the Minus lead on C2.  The resistance
reading should be approximately 340 ohms (Rx100 scale).

5. If the above checks indicate a shorted device, the module must be
unbolted and isolated from the common mounting.  Check the IGBT
resistance again.

6. Check Gate lead inputs B1-E1 and B2-E2.  The meter should read
infinity on the Rx10,000 scale in both directions.

7. If the resistance reading for the IGBT appears incorrect, refer to
Section 4.4.4 for replacement procedures.

IGBT MODULE AND SCHEMATIC
Figure 4.2
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4.4.4. Semiconductor Replacement Procedure

The inverter rectifier diodes, and IGBT’s are mounted on water cooled heat sinks.
Replacement is accomplished by following these steps:

1. Disconnect all wiring to the component and unscrew it from the heat sink
assembly.

2. Repeat the Resistance Check procedure while the component is out of the
circuit.

3. Clean mating surfaces of the heat sink and power module.  Remove all
ridges, etc. using very fine sandpaper or Scotch Brite.  If there is any
question, first consult Inductoheat.

4. Apply a thick coating of thermal compound (Wakefield 120 or equivalent) to
the mating surface of the new power module.

5. Install the new power module on the heat sink, and torque to 26 in-lbs.  If the
correct amount of thermal compound has been applied, a small amount will
flow out from under the sides of the power module.

6. Let the assembly sit for one hour; then retighten all fasteners holding the
power module to the heat sink to 26 in-lbs.

4.4.5. Control Board Failures

Failure of a Control Board is not always obvious and some failures will not effect
operation at all unless the load is changed.  Some control board failures will not
prevent operation of the power supply, although operation may not be normal.

The best indications of abnormal operation are obtained from the panel meter
and the annunciation lights.  During normal heating, the Ready, Heat ON, and
regulation lights will be ON.  If the regulation light turns Off and another light
turns On during normal operation, the control board has possibly experienced
some failure and should be checked.  Before removing the board turn the
regulation dial down during “heat-on” operation.  If the regulation light turns on
and the limit light turns off, the regulation dial setting may have been changed or
a change in the load may be the cause of the undesirable limit condition.  There
should always be a light to indicate what is regulating the inverter output,
although at times more than one limit light may be on.
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INTERNATIONAL PHONE DIRECTORY 

 

INDUCTOHEAT INC. 
MICHIGAN 

24 Hour Technical Assistance Hotline

248-585-9393 
1-800-624-6297 
888-241-8386 

 

LEPEL CORPORATION 
NEW YORK 

631-586-3300 
1-800-548-8520 
 

 

INDUCTOHEAT BANYARD LTD. 
ENGLAND 

011-44-1202-627800 
 

 

HWG INDUCTOHEAT 
GERMANY 

011-49-7153-504-0 
 

 

INDUCTOHEAT PTY. LTD 
AUSTRALIA 

011-61-3-9786-8000 
 

 

INDUCTOHEAT DO BRASIL 
BRASIL 

011-55-19-3834-4288 
 

 

INDUCTOHEAT TAIWAN LTD 
TAIWAN 

011-886-2-220-47405 
 

 

INDUCTOHEAT KOREA LTD 
KOREA 

011-82-3-498-3400 

 

‘IHS-INDUCTOHEAT 
TEXAS 

817-625-5577 
1-800-486-5577 

 

INDUCTOTHERM INDIA LTD 
INDIA 

011-91-79-3731961 

 

WELDUCTION 
MICHIGAN 

248-735-2800 
1-888-463-8284 

 

RADYNE 
WISCONSIN 

414-481-8360 

 

RADYNE 
ENGLAND 

011-44-118-978-3333 
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SP12  DRAWING  SET

The four sheet drawing sets for the most common SP12 designed STATIPOWERs, are
provided in this section.  Some STATIPOWERs may be custom designs.  Therefore, it
should be verified that the drawing number of the prints provided here match the drawing
number recorded on the identification tag (located inside the Power Supply) before making
reference to these prints.

The drawing numbers of the sets provided are:

D45-14199M2

D45-14200M2
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Load Discharge III is used in SP12 power supplies operating at 10 kHz and
below to prevent IGBT over voltage when heat is shut off.

Load Discharge III works by monitoring the inverter gate pulses and applying
a resistive clamp across the transformer primary after heat is shut off, thereby
shunting the residual current through the resistor where it is lost as heat.

Because Load Discharge III is active for a short period after heat is shut off,
care must be taken to not re-key (turn on) heat during this period.  The 31035-
900E (or later) control board prevents another heat cycle from starting 150 milli-
seconds after heat is shut off.

The 31035-956 assembly MUST be used with the 31035-900E (or later) control
board unless other precautions are made.

Load Discharge III is tested during the inverter gate pulse check.  Two green
LED’s indicate that the power is present on the isolated power supplies.  The
red “Fire” LED must flash briefly every time heat is turned off.  Gate lead polarity
must be checked.
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