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1 GENERAL
1.1 INTRODUCTION

The LC1202 is a liquid cooled high voltage switching power supplies designed for
charging capacitors in laser systems and modulated applications.  They are specifically
designed for operation in any position or orientation with very high pulse to pulse
repeatability at high rep rates.  The LC1202 provides 15kW. average power and peak
power at the rated output voltage. 

The LC1202 incorporates high frequency IGBT based resonant inverter topology for
generation of the output power. The control scheme provides excellent regulation of
the output voltage and automatically compensates for line, load and temp variations.
The latest development resonant invertor topology which improves pulse to pulse
repeatability by reducing the ripple or “bucket effect” even at very high pulse repetition
frequencies.  The high voltage tank has been specially designed with liquid cooling and
forced convection cooling.  This allows the power supply to be operated in any
orientation. The output voltages of the LC1202 supply are fully adjustable over each
range.

Figure 1  LC1202 Block Diagram
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Figure 3:  Input AC Power Connections

3.4 POWER CORD SPECIFICATION
Use wire with a minimum of 8 AWG.  (diameter = 0.147” (3.73mm)) and 600V
insulation.

3.5 CONNECTING HIGH VOLTAGE OUTPUT

Ensure that the power supply is off and disconnected from the input power and
that all load capacitors are discharged and shorted to ground before making any
connections.  Never handle the HV cable during operation.
Always use the HV connector and cable provided with the power supply or an
equivalent substitute provided by TDK-Lambda Americas Inc. Fully insert the connector
end of the HV cable and tighten the locking nut only "hand tight".  

When operating above 20kV or 200 Hz rep rate it is recommended that a silicone
grease (such as Dow Corning DC-4) be used on the HV cable before insertion into the
HV connector.  This displaces the air in the connector and reduces long term corona
effects.  

The HV cable shield is connected to the power supply chassis and should be used as
the HV return.  An additional grounding stud is provided adjacent to the HV connector
and should also be connected to the HV return.  The standard shielded HV cable can
contact earth ground without consequence.  The optional unshielded silicone HV cable
can also contact ground, but isolating it will minimize the effects of corona in the
system.  

Keep the minimum HV cable bend radius greater than 4" (101.6mm) to minimize stress
on the insulation.  Keep the HV cable as distant as possible from the input power and
the input control signals.
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Some peak current will flow out of the power supply during discharge and return
through the HV return and system chassis.  This current comes from voltage reversal
in underdamped systems and from normal discharge of filter and cable capacitance.
The path for this current should not parallel control signal returns since the resulting
voltages could interfere with normal system operation.  When due to voltage reversal at
high rep rates, this current could damage the power supply.  Generally a resistor in
series with the HV output can be added to limit this current to an acceptable level.
Refer to Section 5.2 "Applications" for more information.

The oil-filled HV assembly should not be opened.  The oil and components have been
specially cleaned and vacuum impregnated at the factory and the assembly
hermetically sealed.  Opening the assembly will compromise performance.

3.6 GROUNDING THE PRODUCT
3.6.1 GROUNDING OF INPUT LINE:

The supply is grounded through the ground terminal of the input connector.  A
protective ground connection by the way of the grounding conductor in the input
terminal is essential for safe operation.

3.6.2 OUTPUT GROUND CONNECTION:

It is important that there be a ground connecting the supply to the load as
shown in Figure 4.

Figure 4  Output Ground Connection
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Model LC1202 OEM:   This model has a blank front panel and is operated the same as
an LC1202S, from the remote control connector only.  It can function as a stand alone
unit or in parallel for increased output power.  The basic model LC1202 OEM is
supplied by externally controlled AC power.  It can also be configured with either an
internal AC contactor or front panel circuit breaker option.

Figure 7  Model LC1202 OEM

4.2 REAR PANEL
Figure 8 shows the rear panel of the model LC1202L.  The REMOTE connector is used
to control the power supply when the CONTROL KEY SWITCH on the front panel is in
the REMOTE position.  The INTERLOCK terminal block (at 28 VAC) can be connected
to system interlocks to disable the power supply when opened.  Jumpering the two
terminals together allows the power supply to operate.  The INHIBIT connector allows
for easily connecting a pulsed INHIBIT signal when operating from the front panel.  The
INHIBIT signal in the REMOTE connector can be used when operating in remote
control mode.  The SLAVE connector is used to control model LC1202S power
supplies operating in parallel with an LC1202L "master" unit.  The model LC1202S and
model LC1202 OEM do not have the INHIBIT and SLAVE connectors. 
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Figure 8  Rear Panel

4.3 FRONT PANEL CONTROL (L model only)
4.3.1 POWER SWITCH:

Connects AC input power to the control circuitry and closes the internal AC
contactor if the interlock is closed.

4.3.2 CONTROL SWITCH:

Directs the power supply to take on/off and voltage program commands from
either the front panel (LOCAL position) or the remote control connector
(REMOTE position).  The OFF position disables the power supply regardless of
other commands.

4.3.3 HV ON SWITCH:

Turns on the high voltage output to the level set by the HV adjust knob.  Also
used with HV OFF to reset latched fault conditions:  overvoltage, open circuit,
over-temp, AC undervoltage, interlock open, overload and inverter current.

4.3.4 HV OFF SWITCH:

Turns off the high voltage output.

4.3.5 VOLTAGE ADJUST:

Clockwise increases the output from zero to maximum, 10 turns full scale.

4.3.6 VIEW SET:

Previews the voltage adjust set point before HV ON.  Also displays set point
during operation to indicate whether a load condition is affecting the desired HV
output level.
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ground, is fed to the plus input of the DMM.  The bias can be measured accurately for
absolute measurements, or relative measurements read directly as the line or load is
varied.  In the same manner, an oscilloscope return can be biased for accurate peak
measurements during pulsing.

5.5 DETERMINING AC LINE CURRENT
IL  = Line current
P  = Average output power
VL = Line voltage
PF = Power factor (0.9 min)
π   = Efficiency (0.9min)

EX: An LC1202 operating from 208V - 10% and delivering 12000W average.

IL = 12000
3 (.9 % 208)(0.9)(0.9)

= 45.7A

When charging very large capacitor banks requiring many seconds or minutes to reach
end-of-charge, the power supply will display a load fault and go into a 50% duty cycle
protection mode.  If this feature is defeated and the power supply is allowed to charge
for an extended period, then the peak output power rather than the average must be
used to determine line current.

5.6 OPERATION AS A DC POWER SUPPLY
The LC1202 can provide a regulated voltage to a DC load such as an electron beam.
The output current will be preset at the factory in order to limit the average output
power to 12000W, while making full rated HV steady state.  The voltage ripple can be
easily filtered to any desired level with an external capacitor across the load.
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6 MAINTENANCE AND TROUBLESHOOTING
6.1 SAFETY PRECAUTIONS

The calibration and troubleshooting steps described in this section require operation of
the power supply with the top cover removed.  Proceed with extreme caution as
hazardous voltages are exposed throughout the unit.  Safety glasses must be worn to
prevent serious injury in the event of a component failure (e.g., power transistors
readily explode during fault conditions).  

6.2 CALIBRATION
Calibration of the output is accomplished with trimpots located on the Control Board.
This pc board is horizontally mounted on top of the high voltage output assembly on
the right side of the unit as you face the front panel.

6.2.1 OUTPUT VOLTAGE LEVEL:

RP14.  Slowly adjust clockwise to increase output voltage for a given V
PROGRAM level.  Factory set for 10V = rated voltage.

6.2.2 OVERVOLTAGE TRIP POINT:

PP17 (12 turns).  Slowly adjust clockwise to increase trip point.  Factory set at
10% above rated voltage.

6.3 MAINTENANCE
No maintenance is required under normal operating conditions.  Occasional vacuum or
blowout of the chassis may be required when operated in extremely dirty
environments.  The oil-filled HV assembly must not be opened.  The oil and
components have been specially cleaned and vacuum impregnated at the factory and
the assembly hermetically sealed.  Opening the assembly may compromise
performance.

6.4 TROUBLESHOOTING
First check for obvious trouble such as input power, output connections, control
connections and signal levels.  In particular, the interlock, the INHIBIT and the ON/OFF
signals.  If there is no load connected, the power supply will sense an open circuit and
immediately shut down indicating a LOAD FAULT.  If there is a short circuit or overload
condition on the output, the power supply will operate in a 50% duty cycle protection
mode and indicate a LOAD FAULT.  An overload condition can occur if the INHIBIT
signal is missing and the discharge rep rate is too high to allow the capacitor to fully
charge to V PROGRAM.

If the power supply is making high voltage but does not appear to be functioning
properly in a specific application, the problem may be application related.  Consult
the TDK-Lambda Americas Inc. customer service department.

If the power supply is not making high voltage, the problem is usually either failed
HV output diodes or a problem on a pc board.  Refer to the schematics provided in
this manual.

Check the DC bus voltage on the SWG C1 - C2 and SWG C3 - C4 on Inverter
Board.  Should be 250-350 V.
Check for failed power transistors or diodes on the Inverter Board.
Check the +15V and -5V on the Control Board.
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Check the output and inputs of the main OR-gate U2-2, 3, 4, 5 and u11 pins 3
and 4.  A high level will disable the power supply.
Check the output of the latches U28-1, U31-1, U37-1, U12-1 and U41-1.
Check the V PROGRAM input at U1-12.
Check the clock at “Drain” Q4.
Check the transistor gate drives at Q4, Q5, Q8, Q10
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7 INPUT VOLTAGE CONVERSION PROCEDURE
7.1 OVERVIEW

The 1202 power supply was designed so that the input line voltage can be easily
changed from 208VAC to a 400VAC (and vice versa) in the field by technically
qualified person.  Each supply will be shipped configured to the voltage shown on the
input label on the rear panel of the supply.

A conversion kit will be included in the shipping package of each supply.  Kit will be
labeled clearly.

Kit part number 12494001 - Conversion kit for converting 208VAC to 400VAC
Kit part number 12494002 - Conversion kit for converting 400VAC to 208VAC
Kit part number 12494005 - Conversion kit new for converting 208 to 400VAC
Kit part number 12494004 - Conversion kit new for converting 400VAC to
208VAC

20007900200081002000790020008100Selector Board Qty 1
––0.25A0.125AFuses Qty 3

60A30A50A24AFuses Qty 3
12494004124940051249400212494001

7.2 CONVERSION PROCEDURE
7.2.1 CHANGE SELECTOR BOARD

Make sure the power supply is disconnected from the line and load and all caps
must be discharged.

Take the cover off.

On the inverter board (Figure 11) discharge the bus capacitor by shorting
SWGC1 - SWGC2 and SWGC3 - SWGC4 with a 10Ω 10W resistor.

Remove the Selector Board (Figure 11) by unscrewing the 7 #10 x 3/8 screws.
Be careful not to drop any screws in the supply as it is not easy to retrieve
them. 

Replace the Selector Board in the supply with the one provided in the kit.  The
#10 screws must be tightened and torqued to 25 in-lbs.  Loose screws will
damage the board and will cause the supply to fail.

7.2.2 CHANGE FUSE

To access the fuses, unscrew the four screws in the rear panel (Figure 8) and
two screws on the bottom of the supply (Figure 12). Pull the fuse assembly out.

Note the revision level of the fuse PCB assembly. (Figure 14). Depending on
the PCB revision level go to a) or b).

a) For fuse PCB assembly Rev. D or lower use kits 12494001 or 12494002. Six
fuses need to be replaced for the conversion. These fuses are all located on the
fuse assembly (Figure 14). Replace the fuses. F4, F5 and F6 are 50A for 208
VAC and 24A for 400VAC supply. F1, F2 and F3 are 0.25A for 208VAC and
0.125A for the 400VAC power supply. 

b) For fuse PCB assembly Rev. E or higher, use kits 12494004 or 12494005.
Three fuses need to be replaced for the conversion. These fuses are all located
on the fuse assembly (Fig 14). Replace the fuses F4, F5, and F6 are 60A for
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the 208VAC and 30A for the 400VAC supply. Fuse F1, F2, F3 do not need
replacement. 

After replacing the fuses slide the fuse assembly back into the supply.

First use a 6 x 1¼ (74-011-011) screw (supplied in the kit to locate fuse
assembly in place by screwing the long screw in the bottom of the supply.
Screw in the 4 screws on the rear panel of the power supply.  Then go back
and replace the 6 x 1¼ long screws in the bottom of the screw with the correct
6 x ¾“ (74-039-008) screws.

7.2.3 SELECTOR SWITCHES ON AUX POWER BOARD

There are 3 selector slide switches on the Aux Board which have to be correctly
selected.  For 208VAC line operation the position of the slide switches should
be so that 110VAC is visible.  For 400V line 220VAC should be visible.

The Aux Board is located on the front right hand corner (standing in front of the
supply) .  Figure 13 shows the location of the slide switches on the Aux Board.
The slide switches can be selected with a flat head screw driver.

7.2.4 CORRECTING THE INPUT LABEL

The input label is located on the rear panel and is screwed to the chassis with 4
6 x .312 screws.  The input label plate is silk screened on both sides.  One side
is for the 208VAC line and the other side is for the 400VAC line.

Unscrew the silk screened input label plate and reverse it for the changed input
voltage.

The supply is tested for both input voltages prior to being shipped.  On
completion of the above steps, the supply is ready for operation with the
changed input voltage.
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Figure 11  Power Supply Top View
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Figure 12  Power Supply Bottom View
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Figure 13  Aux Board
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Figure 14 Fuse Assembly
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