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SECTION 1
GENERAL DESCRIPTION
1.1 INTRODUCTION

This instruction manual contains information on the installation,
operation, calibration, and maintenance of the California Instru-
ments Model 1503L-3M AC Power System.

1.2 SPECIFICATIONS

Table 1-1 contains the operating specifications of the 1503L-3M AC
Power System. All specifications are tested in accordance with
standard California Instruments test procedures. The following
specifications apply for operation at 100% of full scale voltage,
using external sense, 25 t1°C, after 15 minute warm-up and under
constant line and load conditions.

TABLE 1-1
OUTPUT SPECIFICATIONS

~ Total power: 1667 VA at 100% of voltage range at 35°C.
1500 VA at 100% of voltage range at 50°C.

Power/phase: 556 VA at 100% of voltage range at 35°C.
500 VA at 100% of voltage range at 50°C.

Power factor: 0 to 1.0.

Current/phase: 135V _RANGE 270V _RANGE
35°C 50°C 35°C 50°C
4.12 3.70 2.06 1.85

For other voltage ranges: Current per Phase =
VA (per phase) /voltage range

Peak repetitive current per phase: 250% of the current rating at
50°C

Peak nonrepetitive current per phase:
270% of the current rating at 50°C (10 milliseconds).

Voltage range: 0 and 270 (Standard)
67.5 and 135 (LV Option)
156 and 312 (HV Option)
200 and 400 (EHV Option)

Total Distortion (to 300 kHz, at full-scale voltage driving full
linear load):

1% from 45 Hz to 2 kHz,

2% from 2 kHz to 5 kHz.

1



OUTPUT SPECIFICATIONS (continued)

Line regulation: 0.02% for +10% line change.
Load regulation: 0.05% no load to full load.
Frequency range: 45%* Hz to 5 KHz (at a 50°C maximum current
only)
45*% Hz to 1 KHz (EHV option)
45*% Hz to 2 KHz at 35°C maximum current
Frequency Resolution: 0.1 Hz to 99.9 Hz
1 Hz from 100 to 999 Hz
0.01 KHz from 1.0 to 5.00 KHz

Frequency accuracy (at 25 degrees C):
+*0.005% of programmed value.

Phase angle accuracy: (each phase similarly loaded)

Phase B and C realitve to Phase A: 3 degrees

PROTECTION

Output overload: Will operate at a constant current
for an overcurrent condition

Output short circuit: Immediate shutdown

Invalid Frequency: Immediate shutdown to 0 volts

Input Overvoltage: Causes a trip of the circuit breaker

Sense line fault: The output ovltage increases 15%

OverTemperature: Shutdown to 0 volts with automatic
restart

Loss of Input Phase: No output for loss of Phase B or C.

Normal operation at reduced power
with loss of Phase A.

MEASUREMENTS (at 25°C ambient)

Front Panel analog voltmeter. Accuracy +5% of reading.

NOTE(*): Operation down to 17 Hz at reduced output voltage



SUPPLEMENTAL SPECIFICATIONS
LINE INPUT

Voltage: 103 - 127 vac,
206 - 254 vac.

Current: 27 amps max.

Frequency: 47 - 440 Hz.

Efficiency: 75% typical.

Surge current (turn-on): 185 amps max.
SUP?LEMENTAL OUTPUT SPECIFICATIONS

Full current range:
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OUTPUT VOLTAGE 1)
Output noise (20 kHz to 1 MHz): 60 millivolts rms (typical)
Voltage temperature coefficient: *0.02V/degree C.
Voltage stability (24 hours, constant line, load and temp.):
+0.015% of full scale.
Steady~-State Output Impedance (ohms)

= (Voltage Range) x (0.0005)/Full-load current

Frequency Range
At less than Full Scale Voltage: (Refer to graph below)
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SUPPLEMENTAL OUTPUT SPECIFICATIONS (continued)

Frequency Temperature Coefficient: +5 ppm of value per °C
Frequency Stability: +15 ppm of value per year

Isolation (line input to output): greater than 500 vrms.
Front panel controls:

Power on/off circuit breaker

Current Limit: 1-turn pot for 0 to 100% of rated output

current

Frequency: 3-turn roatary switches. 3-position toggle

switch for Frequency Range

Voltage Amplitude: Varied by 10-turn pot

Voltage Range: HI/LO set by toggle switch
Remote Shutdown: A logic Low input will program the voltage to
0 and open the Output Relays

External Sense: Compensates for up to a 10% drop in the load

lines.

External Modulation: An input of 0 to 10V Ims and DC to output -
frequency generates o to 10% amplitude
modulation

Indicators: Output Overload, Overtemperature, Power On, High

Voltage range, Frequency Fault, 300 volt analog

meter with 5% accuracy.
Dimensions: Width - 19" (48.3 cm).
Height - s5,25n (13.3 cm).
Depth -~ 23.,1n (58.7 cm).
Weight: 85 1bs (38.6 kg).

Material: aluminum - front panel, top cover.
steel - rear panel, chassis.

Finish: front panel - painted gray 26440 per Fed Std 595,
steel - zinc plate type 2, class 2.
aluminum - iridite.

Air intake/exhaust: intake from sides, exhaust to rear.

Modularity: modular construction of alil major assemblies.



SUPPLEMENTAL SPECIFICATIONS (continued)

Connectors:
Input - Kulka 9-85-3.

Output - Kulka 3695A-8.

Sense - Amp 1-480705-0
with Amp 350689-1 socket contacts.

Sense mate - Amp 1-480704-0
with Amp 350690-1 pin contacts.

Interface - 3M 3367-1000 socket.k

Interface mate - 3M 3366-1001 plug.

Chassis slides: Zero Manufacturing CTN-1-20-E94.
Operating temperature: 0 to 50 degrees C.
Storage temperature: -40 to 85 degrees C.
Operating altitude: O to 6000 feet (0 to 1830 meters).
OPTIONS
LK: Allows unit to be operated as a master (LKM option) or slave
(LKS option) in synchronization with other California Instruments
controllers. The LK option cannot be used if the AX option is
installed.
Lv: Low voltage output; 0 to 67.5 Vrms/0 to 135 Vrms.
HV: High voltage output; 0 to 156 Vrms/0 to 312 Vrms.
EHV: Extra High Voltage output; 0 to 200Vrms/0 to 400Vrms.

2P: Two phase output; Phase B is disabled and Phase C is set to
90 degrees with respect to Phase A.

AX: Auxiliary outputs; provides low power fourth and fifth phases,
D and E. The AX option cannot be used if the LK option is
installed.

(All specifications at 25°C and verified with TRMS voltmeter.
The Phase D sense lines must be connected to the Phase D
output.)



OPTIONS (continued)
Phase D
Voltage: 26.0 Vrms +2%, fixed.
Current: 3.0 Arms, max.
Frequency: 360 to 440 Hz (tracks main outputs).
Phase: Tracks Phase A.
Phase accurécy: 12 degrees, all outputs at half load.
Distortion: 1%, maximum with linear load.
Line regulation: +0.05% using external sense.
Load regulation: #0.05% using external sense.
Phase E
Voltage: 5.0 Vrms +5%, fixed.
Current: 5.0 Arms, max.
Frequency: 360 to 440 Hz (tracks main output).
Phase: Tracks Phase A.
Distortion: 1% maximum with linear load.
Line regulation: +0.1%.
Load regulation: +10%.

RPV: 0 to +10 VDC input for 0 to full-scale output voltage. This
option is not availabe with External Modulation.



1.3 GENERAL DESCRIPTION

The California Instruments Model 1503L-3M is a high efficiency, low
distortion power source that provides up to 1667 VA three phase
power. The 1503L-3M is illustrated in Figure 1-1. Full power
output is available in two voltage ranges and over the frequency
range from 45 Hz to 2000 Hz. 1500VA three-phase power is available
from 45 Hz to 5000 Hz. The EHV option is limited to 1000 Hz.
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CAUTION

Voltages up to 480 VAC are available in certain
sections of this power source. This equipment
generates potentially lethal voltages.

DEATH

on contact may result if personnel fail to observe
safety precautions. Do not touch electronic
circuits when power is applied.






SECTION 2
INSTALLATION AND ACCEPTANCE
2.1 UNPACKING
Inspect the unit for any possible shipping damage immediately upon
receipt. If damage is evident, notify the carrier. DO NOT return

an instrument to the factory without prior approval.

Do not destroy the packing container until the unit has been
inspected for damage in shipment.

2.2 POWER REQUIREMENTS
2.2.1 AC LINE VOLTAGE

The 1503L power source has been designed to operate from either of
the following AC line voltage ranges:

1) 103 to 127 volts
2) 206 to 254 volts.

CAUTION

The 1503L will be damaged if it is operated at an input
voltage that is outside its configured input range.

The input voltage range is set at the factory. Section 2.3 gives
the procedure to change the input voltage range.

2.2.2 LINE FREQUENCY OPERATING RANGE

The 1503L power source has been designed to operate over the line
frequency range from 47 Hz to 440 Hz.

2.2.3 INPUT POWER

The input power to the 1503L power source depends upon line and
load conditions and may be as high as 2300 watts.

2.3 INPUT VOLTAGE RANGE SELECTION
WARNING
Voltages up to 360 VDC and 270 VAC are present in

certain sections of this power source. This
equipment generates potentially lethal voltages.

DEATH
on contact may result if personnel fail to observe
safety precautions. Do not touch electric

circuits when power is applied. Servicing should
only be performed by trained personnel.

10



The input voltage range is configured by two wires and eight
jumpers. See Figure 2-1 for the location of these components.

2.3.1 LOW INPUT VOLTAGE RANGE CONFIGURATION

Remove input power at the rear panel of the power source before
attempting to change the voltage range configuration.

The low input voltage range is set by making the following con-
nections inside the power source:

Wire 4008-050-005 From CB1B-~LN to A4-E2.
Wire 4008-050-011 From DS1 to A4-E7.

Jumper A4-J1 From 2 to 5.
Jumper A4-J1 From 3 to 4.
Jumper A4-J2 From 2 to 5.
Jumper A4-J2 From 3 to 4.
Junmper A4-J3 From 2 to 5.
Jumper A4-J3 From 3 to 4.
Jumper A4-J4 From 2 to 5.
Jumper A4-J4 From 3 to 4.
2.3.2 HIGH INPUT VOLTAGE RANGE CONFIGURATION

Remove input power at the rear panel of the power source before
attempting to change the voltage range configuration. '

The high input voltage range is set by making the following
connections inside the power source:

Wire 4008-050-005 From CB1B-LN to CR1-AC.
Wire 4008-050-011 From DS1 to A4-E4.

Jumper A4-J1 From 1 to 6.
Jumper A4-J1 From 2 to 3.
Jumper A4-J2 From 1 to 6.
Jumper A4-J2 From 2 to 3.
Jumper A4-J3 From 1 to 6.
Jumper A4-J3 From 2 to 3.
Jumper A4-J4 From 1 to 6.
Jumper A4-J4 From 2 to 3.

11



FIRST SHUT OFF LINE POWER
ALLOW 2 MINUTES
FOR CAPACITOR BLEED DOWN
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FIGURE 21
1503L INPUT VOLTAGE RANGE SELECTION



2.4 MECHANICAL INSTALLATION

The 1503L power source has been designed for rack mounting in a
standard 19 inch rack. The wunit should be supported from the
bottom with a shelf-track or supported from the sides with optional
rack slides.

The cooling fan at the rear of the unit must be free of any
obstructions which would interfere with the flow of air. A 2.5
inch clearance should be maintained between the rear of the unit

and the rear panel of the mounting cabinet. Also, the air intake
holes on the sides of the power source must not be ohstructed. See
Figure 2-2. Special consideration of overall air flow

characteristics and the resultant internal heat rise must be
allowed for with systems installed inside enclosed cabinets to
avoid self heating and over temperature problems.

2.5 INPUT WIRING

The 1503L power source must be operated from a three-wire single
phase service. The required mains voltage is divided in two
ranges. See Section 1.2 for the input voltage ranges. The mains
source should have a current rating greater than or equal to the
power source circuit breaker rating, 30 amps.

2.6 OUTPUT CONNECTION

The output terminal block, TB2, is located at the rear of the 1503L
power source. All load connections must be made at TB2.

The remote sense inputs allow the power source output voltages to
be monitored directly at the load and must be connected. The
remote sense wires are connected at J6 on the 1503L rear panel.

See Figure 2-2 for the location of the output terminal block and
remote sense input.

2.6.1 OUTPUT POWER WIRING

The output power cables must be large enough to avoid excessive
voltage drops due to the impedance of the wires. The voltage drop
across the cables should be limited to 2 percent of the 1503L power
source output voltage. Table 2-1 lists the minimum acceptable wire
size for a 1 percent line drop assuming a symmetrical load located
10 feet from the power source. The line drop listed in the table
is due only to the resistance of the wire. At higher power source
output frequencies, reactive losses may increase the line voltage
drop. To reduce high frequency effects, bundle wires tightly
together.

13
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TABLE 2-1
MINIMUM WIRE SIZE
FOR 1 PERCENT LINE DROP

OUTPUT MAXIMUM MAXIMUM LOOP MINIMUM
VOLTAGE LINE DROP PER PHASE LENGTH REQUIRED
CURRENT WIRE GAUGE
Volts Volts Amps Feet AWG
135 1.35 4.12 20 22
270 2.70 2.06 20 28

The wire sizes specified in Table 2-1 are for single wire bundles
and reflect the MINIMUM wire size required. If wir=s are in large
bundles or are in confined spaces, the wire sizes should be doubled
(wire gauge reduced by 3 wire gauge numbers).

NOTE

The wire gauge should be reduced by 3 wire gauge numbers for every
time that the distance is doubled between the power source and the
load. For example, use AWG 19 when operating on the 135 volt range
with a load 20 feet from the power source.

2.6.2 REMOTE SENSE WIRING

The remote sense lines of the 1503L must be connected at all times
for proper operation. Failure to connect the sense wires will
prevent the power source from meeting its line load regulation
specifications.

The remote sense lines are connected to the 1503L power source
using the connectors listed in Section 1.2 of this manual. The
remote sense wires should be AWG 22 or larger. See Figure 2-2.

2.7 OUTPUT VOLTAGE RANGES

The 1503L is configured to operate on one of two possible voltage
ranges, a high range and a low range. Activation of the high range
is indicated on the front panel when the "HIGH RANGE" lamp is
illuminated. No lamp is 1lit to indicate the low range.

The output range is set by a toggle switch on the front panel. The
low range is selected when the voltage range switch is in the lower
position; the high range is selected when the switch is in the
upper position.

Each time the output voltage range is changed, the output voltage
is momentarily set to zero to reduce relay contact wear.

15



CAUTION

Before a range change 1is made, verify that the

output voltage and load are compatible and within

the VA ratings of the 1503L, or damage to the load

may occur.
2.8 FRONT PANEL CONTROLS
2.8.1 CIRCUIT BREAKER
The circuit breaker is used to switch power to the unit. When the
circuit breaker is switched ON, the amber indicator lamp above the
circuit breaker illuminates. See Figure 2-3.
2.8.2 VOLTMETER SELECTOR SWITCH
A voltmeter selector switch is located just below the front panel
voltmeter. The three position switch changes the signal applied to
the voltmeter among the three 1503L output phases. When the switch
is to the top, Phase A is selected, in the middle, Phase B is
selected, and down, Phase C is selected. See Figure 2-3.
2.8.3 FREQUENCY SELECT SWITCHES

Three 10-position rotary switches set the three digits of fre-
quency.

2.8.4 FREQUENCY RANGE SWITCH

A three position toggle switch sets the frequency range to LOW (45
to 99.9 Hz), MID (100 to 999 Hz) and HIGH (1 to 5 KHz).

2.8.5 VOLTAGE RANGE SWITCH

A two-position toggle switch sets the voltage range to LO (0-135
volts rms) or HIGH (0-270 volts rms).

2.8.6 AMPLITUDE POTENTIOMETER

A 10-turn potentiometer sets the output voltage amplitude between
0% and 100% of output range.

2.8.7 CURRENT LIMIT POTENTIOMETER
A single~-turn potentiometer sets the programmable current 1limit

point between 0% and 100% of maximum output current for the
selected voltage range.
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2.9 FUNCTION TEST

2.9.1

INITIAL SETUP

Refer to Figure 2-4 for the recommended test setup. Ensure that
the AC mains are of the proper voltage and frequency. Use #10 wire
to connect the AC power line to the AC input terminal block, TB-1.

2.9.2
1)

2)

3)
2.9.3

1)

2)

3)

4)

1)

2)

POWER ON

Apply AC line power to the 1503L power source.

Apply input power to the 1503L power source by setting
the front panel circuit breaker to the "ON" position. At
this time, no loads should be connected to the output
terminal block, TB-2.

Verify that the POWER lamp is 1lit.

RANGE SWITCHING

Set the voltage range to high range. The HIGH RANGE lamp
should be 1lit.

Set the power controller to 400 Hz. Adjust for 270
volts. Verify that the front panel voltmeter indicates
270 volts for all three phases.

Change the voltage range to low range. The HIGH RANGE
lamp should extinguish.

Adjust the power controller for 135 volts. Verify that
the front panel voltmeter indicates 135 volts for all
three phases.

NO LOAD/FULL LOAD/OVERLOAD TEST

NOTE: The following test calls for a 556 VA load on the
135 volts range. To calculate the load for another
voltage range use the formula:

LOAD (ohms) = (Voltage Range)? /556

Observe each of the three outputs with the oscilloscope
or distortion analyzer. The outputs should be clean sine
waves having less than 1.0% distortion.

Apply full loads to each phase (32.7 ohms, 556 watts
each). Verify that the voltage of each phase remains
within 0.05% of the no-load voltage. The waveforms shall
still appear clean on the oscilloscope and should contain
less than 1% distortion. The OVERLOAD lamp should not be
lit.
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3)

4.)

Remove the loads. Apply a short circuit for several
seconds to the Phase A output. Remove the short circuit;
the output shall recover to the original no-load voltage.

Repeat step 3 for the phase B output and then the phase
C output.

2.9.5 ADDITIONAL TESTS

1)

2)

Sections 2.9.3 and 2.9.4 may be repeated for any phase at
any rated voltage and frequency within the specified load
limits of the 1503L.

The Calibration Procedure in Section 4 of this manual
should be used if more detailed evaluation of the 1503L
is required.
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SECTION 3

OPERATION
3.1 GENERAL

The California Instruments 1503L is a three-phase high efficiency
AC power source. The power source consists of three separate,
identical amplifiers, see Figure 3-1. The amplifiers share a
common ground referenced input and a common but floating output
neutral.

3.1.1 INPUT DRIVE

The amplifier drive signals to the 1503L are generated by an
internal controller. The input drive is set by a 10-turn poten-
tiometer on the power source front panel.

3.1.2 OUTPUT VOLTAGE RANGES

The output voltage of the 1503L may be adjusted to any value within
the range of the unit. Rated output VA and conversion efficiency
is greatest when the output voltage is set near maximum. For this
reason, the 1503L is designed to operate on one of two ranges, 135
volts full scale, or 270 volts full scale. The user should choose
the range that allows operation nearest 100% of maximum voltage of
the selected range. All three phases operate on the same range and
switch simultaneously.

3.1.3 OUTPUT VA CAPABILITY

The output drive capability of each amplifier is limited by VA,
volt-amps, rather than power, watts. An amplifier can drive a
capacitive or inductive 1load to its full VA rating without
delivering any power to the load.

The amount of VA available to a load may be determined from Figure
3-2, the output power curve. The output power curve rates
available VA versus output voltage; it is a straight line between
50% and 100% of output voltage range (constant current) and a curve
between 5% and 50% of output voltage range (linearly derated
current versus voltage). Full VA is available only at full scale
voltage. Full current is available at voltages between 50% and
100% of output voltage range.

The amplifier load may draw full VA at any power factor between 0
and +1 and may draw maximum current with a crest factor up to 2.5.
(Crest factor is the ratio of peak current to rms current.) If the
load draws current in excess of the maximum rated average or in
excess of the rated crest factor, the amplifier will clip the
voltage waveform to prevent excessive internal power dissipation.
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3.2 FRONT PANEL CONTROLS, INDICATORS

Refer to Figure 3-3 for an illustration of the 1503L front panel.

CIRCUIT BREAKER:
The circuit breaker switches power to the 1503L. In the event
that a fault within the power source causes an excessive draw
of current, the circuit breaker will trip.

POWER ON LAMP:
The POWER lamp illuminates when the circuit breaker is
switched on and the 1503L begins to draw input power.

VOLTMETER:
This average responding AC voltmeter is switched directly to
the power source outputs. Full scale deflection is 300 volts.
The voltmeter will indicate no voltage if the output relays
are open.

METER SELECT SWITCH:
This three position switch selects which of the three phases
will be displayed by the voltmeter. The upper position
selects Phase A, the middle position selects Phase B, the
lower position selects Phase C.

INDICATOR LAMPS:

OVERTEMP: This lamp illuminates when the temperature of a
power amplifier heatsink has surpassed a maximum set level.
The overheated amplifier will shut down until its heatsink has
cooled to a safe temperature. The amplifier will then
automatically recover.

OVERLOAD: This lamp illuminates when the power source has
limited the outputs during a programmable current limit fault.
Clipping of the output waveform will occur until the load
current drops below the programmable current limit set level.

HIGH RANGE: This lamp illuminates when the power source has
switched to its high voltage range setting.
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CONTROLLER PANEL:

FREQUENCY SELECT DIALS: These three dials set the output
frequency within the range set by the Frequency Range Select
switch. When in the 45.0 to 99.9 Hz range, an LED decimal
point is 1lit between the second and third dials to give 0.1 Hz
resolution. When in the 100 to 999 range an LED decimal point
is 1lit after the third dial to indicate 1 Hz resolution. When
in the 1.00 to 5.00 KHz range, an LED decimal point is 1lit
between the first and second dials to give 0.01 Hz resolution.

FREQUENCY RANGE SELECT: This three-position switch selects
which of the three ranges the frequency select dials will use.
The lower position selects the 45.0 to 99.9 Hz range. The
middle position selects the 100 to 999 Hz range. The upper
position selects the 1.00 to 5.00 KHz range.

VOLTAGE AMPLITUDE Knob: This knob simultaneously sets the
amplitude of all three phases between zero and full scale of
the selected voltage range.

VOLTAGE RANGE Switch: This range select switch sets the
output voltage to the low range when in the lower position and
to the high range when in the upper position.

CURRENT LIMIT Knob: This knob sets the programmable current
limit to all phases simultaneously. Turning the knob fully
counterclockwise sets the current limit to zero amps, fully
clockwise sets the current limit to the maximum capability of
the selected voltage range. The knob sets the 1limit linearly
between the two extremes.

LIMIT Lamp: This red LED is 1lit when the power controller is
limiting its oscillator drive signals. This occurs for a very
short time when power is initially applied or when its voltage
range is changed. The LED stays on indefinitely if the output
frequency is set above or below the capabilities of the power
source or while the REMOTE ON line is held low.

3.3 REAR PANEL INTERFACE

Refer to Figure 3-4 for an illustration of the 1503L rear panel.

3.3.1 TB1 POWER INPUT
TB1-HI: This is the HI input power voltage terminal. Connect
only to voltages corresponding to the input configuration.
The service rating must be 30 amps or greater.

TB1-L0O: This is the return for the TB1-HI 1line.

TB1-GND: This is the chassis ground connection and must be
connected to earth ground.
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3.3.2 TB2 POWER OUTPUT

TB2-1: This is the Phase A output terminal. Use TB2-4 for
the return.

TB2-2: This is the Phase B output terminal. Use TB2-4 for the
return.

TB2-3: This is the Phase C output terminal. Use TB2-4 for the
return.

TB2-4: This is the floating neutral line for Phases A, B, and
C.

TB2-5: This is the Phase D output terminal for the AX option.
Use TB2-6 for the return.

TB2-6: This is the floating Phase D neutral for the AX option.
This neutral is common with the Phase E neutral.

TB2-7: This is the Phase E output terminal for the AX option.
Use TB2-6 for the return.

TB2-8: This is the floating Phase E neutral for the AX option.
This neutral is common with the Phase D neutral.

3.3.3 J1l CLOCK

This signal is used by California Instruments power control-
lers to synchronize oscillators in multiple power source
systems. The connector is installed as an option.

3.3.4 J2 LOCK
This signal is used by California Instruments power control-
lers to synchronize oscillators in multiple power source
systems. The connector is installed as an option.

3.3.5 J3 DFI
Not used.

3.3.6 JS GPIB
Not used.

3.3.7 J6 EXTERNAL SENSE
The external sense lines allow the output voltages to be
sensed at the load to account for impedance losses in output
wiring. The Phase A, B, C, and NEUT lines must be connected
to the output if an internal power controller is used. The

Phase D HI and Phase D LO lines must be connected if the AX
option is installed.
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J6-1: Phase A High sense.
J6-2: Phase B High sense.
J6-3: Phase C High sense.
J6-4: Phase A, B, C Neutral sense.
J6-5: Phase D High sense.
J6-6: Phase D Low sense.
J7 SYSTEM INTERFACE

The system interface connector must be used to provide
oscillator and control signals for power sources configured
without an internal power controller.

J7-1, A COM: Analog common reference/return.
J7-2, not used.

J7-3, A COM: Analog common reference/return.
J7-4, not used.

J7-5, CT COM: Make no connection.

J7-6, OSC B: Phase B input oscillator signal. Greater than
10K ohms input impedance, 5.0V rms for full scale voltage,
0.0 volts DC offset, 45 Hz to 5000 Hz input frequency. Use A
COM for signal return.

J7-7, A COM: Analog common reference/return.
J7-8, CL B: Make no connection.

J7-9, RPV: External Modulation/Remote Programming Voltage.
This input is used in power sources with manual controllers
only. The pin normally serves as an external modulation
input; a 0.0 to *#10.0  volt DC input provides 0% to 10% ampli-
tude modulation. The pin may optionally be configured as a
Remote Programming Voltage input. In this case a 0.0 to *#10.0
volt DC input provides 0 to 100% of full scale output voltage
the amplitude control potentiometer must be set fully
clockwise. Reference the input to Analog Common, J7 -1.

J7-10, OVR TMP: Over Temperature. This active low open
collector output indicates excessive power source heat sink
temperature. When active, the power source outputs are
disabled.

3

J7-11, CNF: Make no connection.
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J7-12, not used.

J7-13, not used.

J7-14, Not used.

J7-15, Not used.

J7-16, Not used.

J7-17, Not used.

J7-18, Make no connection

J7-19, Not used.

J7-20, Not used.

J7-21, Not used.

J7-22, Not used.

J7-23, OSC C: Phase C input oscillator signal. Greater than
10K ohms input impedance, 5.0V rms for full scale voltage,
0.0 volts DC offset, 45 Hz to 5000 Hz input frequency. Use A
COM for signal return.

J7-24, OSC A: Phase A input oscillator signal. Greater than
10K ohms input impedance, 5.0V rms for full scale voltage,
0.0 volts DC offset, 45 Hz to 5000 Hz input frequency. Use A
COM for signal return.

J7-25, CL C: Make no connection.

J7-26, CL A: Make no connection.

J7-27, D COM: Digital Common. Use this line as the return
for logic signals on the system interface connector.

J7-28, RNG HI: Make no connection.
J7-30, Not used. )

J7-31, Not used.

J7-32, Not used.

J7-33, Not used.

J7-34, Not used.

J7-35, Make no connection.
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J7-36, REMOTE SHUTDOWN: This 5 volt logic line, when pulled
low (to D COM) signals the internal power controller to set
the power source output voltages to zero and to open the
confidence/output application relays if installed. When the
REMOTE SHUTDOWN 1line is released, the confidence/output
application relays are automatically closed, and the output
voltages are restored.
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CAUTION

Voltages up to 480 VAC are available in certain
sections of this power source. This equipment
generates potentially lethal voltages.

DEATH

on contact may result if personnel fail to observe
safety precautions. Do not touch electronic
circuits when power is applied.






SECTION 4
CALIBRATION PROCEDURE
4.1 GENERAL
A routine calibration of the 1503L-M is not required. This
procedure should be performed after repair has been made to the

unit. Table 4-1 lists the paragraph titles and page numbers for the
calibration and test procedures.

Calibration Procedure Listing

PARAGRAPH PROCEDURE : PAGE
4.3 OPEN SENSE ADJUSTMENT 33
4.4 CURRENT TRANSFORMER ADJUSTMENT 33
4.5 CURRENT LIMIT ADJUSTMENT 34

This calibration procedure assumes that the power source is
calibrated at 25°C ambient temperature on the low voltage range.

Performance is similar on the high range. Output voltage
measurements must be made at the power controller voltage sense
point. Otherwise, voltage drops in output wiring may cause

inaccurate measurements.
4.2 TEST EQUIPMENT REQUIRED

The following test equipment is required to perform the calibration
procedure. It is assumed that the power source is calibrated on
the low voltage range.

Digital Voltmeters (DVM), 2: Fluke 8840A
Resistive Load: See LOAD value from Table 4-1
Precision Current Transformer: Pearson 110
Frequency Counter: Philips PM6671

Phasemeter: Krohn-Hite 6500A

Oscilloscope: Kikusui C0S6100

RANGE LOAD (ohms)
135 32.7
156 43.7
67.5 8.2
200 71.9

LOAD PER PHASE

TABLE 4-1
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4.3 OPEN SENSE ADJUSTMENT

A Open Sense adjustment potentiometer is provided for each of the
three amplifiers in the 1503L. For their location see Figure 4-1.
Use the following procedure to adjust the gain of each amplifier.

1. Remove all loads from the power source. Switch the power
source on.

2. With the remote sense lines connected, adjust the output
voltage to 100.0V rms, 400 Hz.

3. Disconnect the remote sense lines and adjust the asso-
ciated gain potentiometer until the output voltage is
115.0 *0.25V rms.

4. Reconnect the External Sense connector, Jé6.
4.4 CURRENT TRANSFORMER ADJUSTMENT

A current transformer is in series with each of the three ampli-
fiers to sense output current for measurement and protection. The
output current of each sense transformer is converted to a voltage
by an adjustable burden resistor. Use the following procedure to
adjust the burden resistor of an amplifier’s current sense
transformer. See Figure 4-1 for the location of the burden
potentiometers.

1. Wire the output of the phase to be adjusted through a
precision current transformer. Monitor the output of the
current transformer with a DVM set at 2 volts AC full
scale.

2. At the rear panel system interface connector, monitor the
current transformer output voltage of the amplifier to be
adjusted with a DVM set at 2 volts AC full scale.

J7-36 CT A
J7-18 CT B
J7-35 CT C
J7-5 CT COM (common)
3. Switch the power source on. Set the output to the lowest

voltage range that will deliver 135 volts and 60 Hz. Set
the 200 volt range for the EHV option.

4. Apply a 36.5 ohms, 500 watt load to the output of the
phase to be adjusted. For the EHV option voltage range
(200/400) apply a 72 ohm load. Adjust the output voltage
for an output current of 3.5 amps. Adjust the output for
2.5 amps for the EHV option.
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Allow 30 seconds for the load to stabilize. Adjust the
burden potentiometer so that the DVM monitoring the power
source current transformer matches the DVM on the
precision current transformer within +0.0004V rms.

4.5 CURRENT LIMIT ADJUSTMENT

Potentiometers on the Current Limit Board set the accuracy of the
current 1limit circuit. The potentiometers are to be set so that
the circuit begins to limit the current at 107% of the maximum
current for the respective voltage range.

1.

Wire the output of phase A through a precision current
transformer. Monitor the output of the current trans-
former with a digital voltmeter.

Adjust the output to the low voltage range and the
frequency to 60 Hz.

Apply the CURRENT LIMIT LOAD value from Table 4-2 to the
Phase A output only.

Increase the output slowly until the external current
transformer indicates the SET VALUE from Table 4-2.

On the Current Limit assembly, All, adjust potentiometer
R55 until the OVERLOAD lamp just begins to glow.

Repeat steps 1 through 4 for phase B (adjust A11-R62) and
phase C (adjust A11-R75).
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VA Per Phase 556

135/270 LOAD (Ohms) 27
RANGE

CURRENT LIMIT:

SET VALUE 4.4

MAX VALUE 5.0
156/312 LOAD (Ohms) 31
RANGE

CURRENT LIMIT:

SET VALUE 3.8

MAX VALUE 4.1
67.5/135 LOAD (Ohms) 13.6
RANGE

CURRENT LIMIT:

SET VALUE 8.8

MAX VALUE 9.4
200/400 LOAD (Ohms) 40
RANGE

CURRENT LIMIT

SET VALUE 3.0

MAX VALUE 3.2

SETUP VALUES

TABLE 4-2
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SECTION 5
THEORY OF OPERATION
5.1 GENERAL

An explanation of the circuits within the 1503L is given in this
section. Refer to Figure 5-1 for a block diagram of the power
source.

5.2 OVERALL DESCRIPTION

Input power at the rear panel is routed through the circuit breaker
to the high current rectifier, CR1, and the DC Supply assembly, A4.
The various DC supply outputs then go to the Power Mother Board,
A3, to be directed to other circuits in the 1503L.

The Power Controller assembly generates the oscillator waveforms
and power source control and measurement signals. The Power
Controller assembly is connected to the rest of the power source
through the Control Mother Board, Al0.

The amplifiers, A7, A8, A9, take their DC Supply and Power Con-
troller inputs from the Power Mother board and produce the 500 VA
outputs to the Range Relay board, A6.

The Range Relay board directs the amplifier outputs to Output

Transformers T1, T2, and T3. The transformer outputs are then
connected back to the Range Relay board to configure the correct
output voltage range. The final power source outputs are then

taken from the Range Relay board.

The PH DE1 and PH DE2 assemblies are installed if the AX option is
included in the 1503L. These two boards generate the ¢D/E outputs
using signals and power supplies taken from the power mother board,
A3. The ¢D/E outputs are routed through the Range Relay board, A6
and then to the rear panel output terminal block, TB-2.

The individual assemblies are explained in more detail in the
following paragraphs.

5.3 DC SUPPLY

The DC Supply board, A4, provides the high-voltage main supply and
several low voltage power supplies. Figure 5-2 is a simplified
schematic of the DC supply. The input circuit breaker and high
power rectifier are shown in the diagram for clarity but are not
part of the DC Supply board.
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5.3.1 High Voltage Supply

The high voltage supply provides a 300 volt, 2000 watt source for
the three power amplifiers. The input wiring of this supply is
configured according to the input voltage range. A voltage doubler
is used for the 115 volt range; a full wave rectifier is used for
the 230 volt range.

Figure 5-2 shows the high voltage supply wired for the voltage
doubler. Capacitors C-HI and C-LO are charged by alternate half
cycles of the input voltage. The output voltage at El1ll and El12 is
the sum of the voltages on the two capacitances and is approx-
imately double the peak voltage of the input sine wave.

To wire the high voltage supply for the 230 volt input range, the
connection between CB-1 and E2 is removed and replaced by a
connection between CB-1 and the unused AC input of CR-1. The
circuit is a simple off-line rectifier. Capacitors C-HI and C-LO
are charged in series by each half cycle of the input voltage. The
output voltage at E11 and E12 is approximately the peak voltage of
the input sine wave.

5.3.2 Flyback Regulated Supplies

Two of the eight low voltage supplies are provided by a 100 KHz
flyback regulator. The regulator switches on to draw energy from
the 300 volt main supply and charge the primary inductance of T5.

When the regulator switches off, the energy stored in the primary
inductance is transferred to the secondaries. The pulse width of
the switching waveform is varied as necessary to maintain the
secondaries at +15 VDC and +52 VDC.

5.3.3 Low Voltage Supplies

Six low voltage supplies are generated by simple transformer/
rectifier/capacitor circuits. The inputs to each transformer are
wired according to the input voltage range. Figure 5-2 shows the
inputs configured for the 115 volt input. The two primaries of
each transformer are wired in parallel. For the 230 volt input
range, the transformers are reconfigured using jumpers that put the
two primaries in series.

These supplies are not regulated. Their output voltages vary with
line voltage and load variations. :

5.4 POWER CONTROLLER

A block diagram for the power controller is given in Figure 5-3.
The power controller generates the oscillator waveforms for each of
the three amplifiers, sets the frequency, amplitude and current
limit level, and senses the output voltage to control amplitude.
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The controller module is made of two printed circuit assemblies
that are interconnected by a ribbon cable. An extender board mates
the module to the power source.

5.4.1 CONTROL BOARD

The Control board is mounted to a small panel on the front panel of
the power source. The small panel holds the Frequency Select dials
and Frequency Range switch, the Voltage Amplitude potentiometer,
the Voltage Range switch and the programmable Current Limit
potentiometer.

A block diagram of the Control board is shown in the lower portion
of Figure 5-3. A fixed frequency reference clock (10.24 MHz)
drives the bit rate multiplier to control the output frequency of
the power source. The output frequency of the bit rate multiplier
is equal to frequency select dial setting times the reference
frequency divided by 1000. If the dials were set at 500, the bit
rate multiplier output frequency would be 5.12 MHz.

The three-position Frequency Range switch signals the Waveform
board to divide the bit rate multiplier output frequency by 1, 10
or 100 depending on the desired frequency range.

The Voltage Range switch directly controls the voltage range relays
and also sends a short pulse to the Waveform board to signal that
the voltage range has changed. The Waveform Generator board uses
this pulse to shut off the output voltage while the range relays
change state This is to minimize relay contact wear.

5.4.2 WAVEFORM GENERATOR BOARD

A block diagram of the Waveform Generator board is shown in the
upper portion of Figure 5-3.

The clock divider divides the bit rate multiplier frequency by 1,
10 or 100 depending on frequency range switch setting. Outputs of
clock divider drive the switched capacitor filters and provide a
square wave to be filtered into the oscillator output sine wave.

The Over frequency/Under frequency/Range detector monitors the
clock output and attenuates the oscillator output if the frequency
is outside the specified range of the unit. The detector also
momentarlly activates the attenuators when the voltage range switch
position is changed.

The output of each phase of the power source is applied to a
differential sense amplifier, converted to an rms-DC equivalent
voltage and compared to a 10 volt DC reference by a servo ampli-
fier. The servo amplifier drives a variable gain amplifier that
modulates the oscillator signal. This closed loop system malntalns
each output at a constant RMS voltage.
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5.5 CONTROL MOTHER BOARD

The Control Mother board, Al0, makes the necessary signal connec-
tions between the various assemblies of the power source. Figure
5-4 is a simplified schematic of the Control Mother board.

The Oscillator CPU connector accepts voltage and current sense
signals for measurement, and optically isolated External Sync
signals for frequency synchronization. Control and oscillator
signals are sent out from this connector.

The Range Relay board connector sends out voltage and current sense
signals and accepts relay control signals.

The Power Mother board connector accepts the oscillator signals and
sources the DC supplies to rest of the power source.

The Meter/Display board accepts the necessary lines to light the
lamps on the front panel.

The External System connector carries all the signals for the rear
panel I/0. Note that the Function Strobe signal to this connector
is optically isolated. ’

The Current Limit board connector accepts the current limit,
current sense, and oscillator signals. The oscillator signals pass
through potentiometers for gain adjustment. Leaving the connector
are the modulated oscillator signals.

5.6 POWER MOTHER BOARD

The Power Mother board, A3, provides the high voltage and high
current connections for the power amplifiers and DC supply. Figure
5-5 is a simplified schematic of the Power Mother board.

The high voltage supply from the DC Supply board is connected at E1
and E2. The positive supply connection is divided into three
lines, one per amplifier. Each of the lines is routed through a
fuse and a filter inductor.

The DC Supply board plugs into the Power Mother board. It provides
DC power to each of the amplifier control boards as well as the
rest of the power source.

The Control Mother board connector accepts the DC supply lines and
provides oscillator signals to each amplifier.

Each power amplifier module plugs into the Power Mother board
through two connectors. One connector is dedicated to the high
current supply and output wiring. The other connector provides the
DC supplies and oscillator signals to the amplifier controller.
Output power from each amplifier is directed to the Relay board
through standoffs on the Power Mother board.
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FIGURE 5—4 CONTROL MOTHER BOARD






