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TECHNICAL SUMMARY

Electrical Specifications

A-C Power Requirements
Voltage
Power Consumption (full load)
D-C Output
Unregulated
Voltage
Current*
Ripple Voltage
Regulated
Voltage Adjustment Range
Current®
Regulation

Ripple Voltage

Ambient Temperature

Air at Germanium Rectifier Assembly

Mechanical Specifications

Rectifier Chassis
Height
Width
Depth
Weight

Regulator Chassis
Height
Width
Depth
Weight

Tube Complement

1 RCA — 12AT7

1 RCA — 12AX7

1 RCA — 5651

3 Type — 6336 (RCA Stock No. 211419)

98-129 volts, 50/60 cycles
910 watts at 117 volts

400-500 nominal (see figure 9)
1,500 milliamperes maximum
Less than 2 volts r.m.s.

270-290 volts

200 — 1,500 milliamperes

Less than 0.2 volt variation from minimum to maximum
current

Less than 0.002 volt peak-to-peak

50°C (122°F) maximum

7 inches
19 inches
11 inches
59 pounds

31/, inches
19 inches
1034 inches
12 pounds

Cathode Follower, V6

D-C Amplifier, V5

Voltage Reference Tube, V4
Voltage Regulators, V1 to V3

*Combinations of regulated and unregulated current are possible adding up to 1,500 milliamperes maximum.

EQUIPMENT

The RCA type WP-15A Regulated Power Supply,
identified by stock numbers MI-26087-A and MI-
26088-A, includes the following items:

1 Rectifier, MI-26087-A
1 Regulator, MI-26088-A
1 Set of tubes (see tube complement)
1 Time Delay Relay — Stock No. 213366
The following item is available on separate order:

1 Meter, MI-21200-C1 (for measuring cur-
rent and voltage)

DESCRIPTION

The WP-15A Regulated Power Supply is a general
purpose d-c power source intended for television,
laboratory, or other industrial applications where a
well-regulated d-c power source is required.

Physical Characteristics

A complete WP-15A equipment consists of two
chassis (a rectifier chassis, RCA stock number MI-
26087-A, and a regulator chassis, RCA stock number
MI-26088-A). Both chassis are of the recessed panel
type, designed for mounting in a standard 19-inch
relay rack. The separate chassis may be mounted



together, as in conventional systems (occupying only
1014 inches of rack space, six standard rack units) or
they may be mounted in different locations, thus per-
mitting centralization of power supply facilities and
placement of the regulator chassis adjacent to the
equipment loads. All components are arranged for
maximum accessibility and ventilation; thus minimiz-
ing the possibility of personnel making contact with
hot tube envelopes or high-voltage sources.

Tubes are inserted and controls are adjusted from
the front of the regulator chassis, as shown in fig-
ure 1. All connecting receptacles are mounted on the
rear of the units, as shown in figures 3 and 4. These
connector receptacles are so wired that older type
power supplies, such as RCA type WP-33B or 580-D,
may be replaced without changing plug connections.

Four elongated mounting holes are provided in
the flanges on each side of the chassis for mounting
in the relay rack. Indicator lamps are mounted on
the front and rear of each chassis to indicate the

presence of high voltage.

Circuit Description

The RCA type WP-15A Regulated Power Supply
is designed to operate from a 98 to 129-volt, 50/60
cycle power source. Taps are provided on the primary
of the power transformer. T101 (located on the
rectifier chassis), and the primary of the filament
transformer, T1 (located on the regulator chassis),
to accommodate the above range of supply voltages.
A constant-voltage d-c output is maintained, which is
independent of load or minor line voltage variations.
A maximum of 1,500 milliamperes at a voltage
manually adjustable between plus 270 and plus 290
volts can be obtained.

Figure 14 shows the schematic circuit of the recti-
fier chassis and Figure 15 shows the schematic circuit
of the regulator chassis. The combined schematic dia-
grams display all the circuits of the WP-15A Regu-
lated Power Supply. Fundamentally, the complete
circuit consists of a full-wave bridge-type germanium
rectifier, a two-stage choke-input filter and a con-
ventional series regulating circuit.

Ay

Figure 1. Front View WP-15A Regulator Chassis
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Figure 2. Front View WP-15A Rectifier Chassis

The full-wave bridge-rectifier circuit, which utilizes
a germanium rectifier (RCA stock number 210348),
is conventional except for the presence of chokes
L103 and L104 in series in the transformer secondary.
These chokes serve to decrease the rate-of-change of
power line current during reversal, such that power-
line interference imparted to other equipment is
minimized.

Indicator lamps I101 and I102 (on the rectifier
chassis), are neon lamps connected across the applied
a-c voltage to indicate when a-c is present at the unit
and when the power switch §101 is closed.

Relay K101 provides a means for opening or
closing the secondary circuit of the rectifier trans-
former T101, and thereby turning off or on the d-c
output from this unit. Relay K101 is controlled by
both S2 (DC switch) and K1 (time delay relay) on
the regulator chassis.

The series regulating circuit consists of six tubes,
which are used as follows: V4, an RCA type 5651,
is a miniature two-element gaseous voltage-reference
tube of exceptional stability used to maintain a con-
stant reference potential on the grid of the d-c
amplifier V5. V5 is an RCA type 12AX7 twin-triode
tube that is used as a two-stage d-c amplifier which
controls the three regulator tubes V1, V2, and V3.
V1, V2, and V3 are type 6336 tubes (RCA stock num-

ber 211419), also dual-triodes, which are connected
in a parallel group in order to pass the maximum,
1,500 milliamperes, of output current. V6, an RCA
type 12AT7 twin-triode tube, has both of its sections
connected as cathode followers and is used to set the
proper cathode bias on each half of the d-c amplifier,
V5. By the same cathode follower action, the two
cathodes of V5 are connected to low-impedance
sources resulting in extremely high gain.

Indicator lamp I1 (on the regulator chassis) is a
neon lamp, visible from both sides of the chassis,
used to indicate the presence of high voltage on this
chassis.

The parallel group of regulating tubes (V1, V2,
and V3) are connected in series with the output of
the power supply. Effectively, this group may be
regarded as a single tube (functioning as a variable
resistance), as shown in figure 5, the simplified
schematic diagram of the voltage regulator section.
The d-c amplifier, V5, and the cathode follower, V6,
are arranged as a negative feedback circuit, in which
a fractional part of the regulated output voltage is
compared with the reference voltage. Whenever the
regulated output voltage changes, for any reason, the
difference between it and the fixed reference voltage
is amplified in V5 and is then fed to the grids of the
series regulator tubes, V1, V2, and V3.
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Operation of the regulator circuit can be readily
understood by considering the action of the cathode
follower V6 and the d-c amplifier V5 when a varia-
tion in output voltage occurs. Assume that the regu-
lated output, plus 280 volts, increases for an instant.
A fraction of this increase appears at the center arm
of potentiometer R38 and is fed directly to the grid
of VGB.

Since V6B is a cathode follower, then by cathode
follower action, the increase of grid voltage at pin 7
also appears at the cathode, pin 8. V5B is a straight-
forward d-c amplifier with its grid, pin 7, connected
to a fixed potential at the plate of the voltage refer-
ence tube V4. Therefore, the increase in the cathode,
pin 8, voltage of V5B results in an increase in grid-
to-cathode bias on V5B. This causes less current to
flow through V5B, hence its plate, pin 6, voltage
rises. The increase in voltage at the plate of V5B is
coupled directly to the grid, pin 2, of V5A.

VG6A is also a cathode follower with its grid, pin 2,
connected to a positive voltage determined by the
network composed of resistors R7 and R8. The
cathode, pin 3, of V6A assumes a positive potential
determined by the grid voltage, and this positive
potential is relatively fixed. Therefore the increase in
grid voltage on V5A results in a decrease in grid-to-
cathode bias on V5A. This, in turn, causes V5A to
draw more cutrent, lowering its plate potential. The
drop in plate potential on the plate, pin 1, of V5A
is coupled directly to all the grids of the series regu-
lator tubes, V1, V2, and V3, thus increasing the grid-
to-cathode bias on these tubes, and this increase in

bias causes these tubes to draw less current, resulting -

in an increase in plate-to-cathode voltage. The gain
from potentiometer R38 to the plate, pin 1, of V5A
is high, such that the increase in voltage across the
series regulator tubes almost compensates for the
originally assumed increase in voltage on the plus
280-volt bus. Decreased output voltage is prevented
by operation of the control circuits in 2 manner which
is similar to that just described.

The regulator tubes V1, V2, and V3, then function
collectively as a variable resistance in series with the
load. The effective value of this resistance (plate-to-
cathode resistance of the tubes) is determined by the
grid-to-cathode voltage that is simultaneously applied
to each of them. This variable resistance acts auto-
matically to maintain a constant output voltage under
changing load and input conditions.

9

Potentiometer R38 is used to adjust the output
voltage of the WP-15A Regulated Power Supply to
any desired value within the range of plus 270 to
plus 290 volts. The setting of R38 determines the
level about which the d-c amplifier operates.

A meter jack, J4 (located on the front panel of
the regulator chassis), provides means for connecting
the standard RCA current and voltage indicating
meter MI-21200-C1, which is available on separate
order. An eight-position rotary switch, S1, (also on
the regulator front panel) together with associated
voltage multiplier and shunt resistors makes it pos-
sible for the meter to indicate total -output current,
output voltage, or the plate current of each section of
the series regulating tubes (V1, V2, and V3) without
interrupting the operation of the power supply.

If the MI-21200-C1 meter is plugged into the meter
jack, the following measurments can be made with
the meter switch in its various positions:

TABLE 1
USING THE MI-21200-C1 METER
Position of Meter Position of Meter
Switch Indicates Switch Indicates

1 I,/20f V1A 5 I,/2 of V3A
2 I,/2 of V1B 6 I,/2 of V3B
3 I,/2 of V2A 7 I./10
4 I,/2 of V2B 8 E./2

NOTE: When measuring the full load current,
for example, the meter needle will be at full scale
but the scale reading will indicate only 150. There-
fore the scale will indicate only 1/10 the actual
current flowing, thus the switch position is desig-
nated I,/10.

Both the plate transformer (T101 on the rectifier
chassis) and the filament transformer (T1 on the
regulator chassis) are provided with primary taps to
accommodate a range of input voltages. Factory
wiring is such that the entire 125-volt primary of the
filament transformer is connected across the 125-volt
primary of the plate transformer. With these connec-
tions it should not normally be necessary to change
tap connections at the filament transformer, except to
compensate for an a-c voltage drop across a long
cable connecting the rectifier and regulator units.
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Figure 5. Simplified Schematic Diagram—Voltage Regulator Circuit



INSTALLATION

Location

The WP-15A Regulated Power Supply is designed
to be mounted in a standard 19-inch rack. The recti-
fier and regulator units may be mounted in the same
rack or in separate racks.

NOTE: Mounting instructions given herein are
for conditions where it is desired to cool the equip-
ment by natural convection only, and the maximum
room ambient air temperature does not exceed
40°C. For ambient temperatures higher than 40°C
or for conditions other than those given in these
instructions, forced-air cooling must be employed.
The volume of air must be sufficient to limit the
ambient air temperature at the germanium rectifier
to 50°C and to limit the 6336 regulator tube tem-
perature to 250°C.

Mounting Instructions for Natural Convection
Cooling

1. Mount the rectifier and regulator units in a
standard 19-inch rack such as the RCA type BR-84
Cabinet Rack. Under conditions of natural convec-
tion cooling, the maximum number of WP-15A
Power Supplies which may be mounted in one rack is
five. When five WP-15A’s are mounted in one
BR-84 rack, the rectifier units should be stacked at
the bottom of the rack and the regulator units at the
top, as shown in Figure 6. There should be one 13/”
spacer chassis above each regulator unit. The 151/
inches of space in the middle of the rack may be used
for mounting equipment such as a WP-33B or 580-D
Power Supply, Focus Current Regulators, Centering
Current Supplies, Power Relay Panels, and Circuit
Breaker Panels.

2. Provide an opening in the top cover of the
rack (if cabinet type rack is used) directly above the
regulator units. (See Figure 7 for top cover modifica-
tion information.)

3. Mount a ventilating type door on the rear of
the rack if a door is to be used. DO NOT USE A
FRONT DOOR ON THE RACK.

Under conditions of natural convection cooling the
maximum number of regulator units which may be
mounted adjacent to each other (without a 13/ inch
spacer chassis) is three. It is not absolutely necessary
that the regulator units be mounted at the very top
of the rack. It is imperative, however, that no heat
sensitive equipment be located above the regulator
units.

TOP OF RACK

| SPACE

REGULATOR

| SPACE

REGULATOR

| SPAGE

REGUL ATOR

| SPACE

REGULATOR

| SPACGE

REGULATOR
CHASSIS

ol
)

RECTIFIER

RECTIFIER

RECTIFIER

RECTIFIER

RECTIFIER

NOTE: | SPACE=I%INCHES

\

Figure 6. Layout of Rack with WP-15A
Regulated Power Supplies Only
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Figure 7. Modification Diagram—Relay Rack Top

In those cases where the rectifier and regulator
units are to be mounted in separate racks, the same
general rules for mounting in a single rack apply.
In general, the regulator units should be placed at
the top of the rack and in maximum groups of five
with spacer chassis and three without spacer chassis.
The rectifier units should be mounted at the bottom
of the rack or at least not above any heat generating
equipment. The maximum number of rectifier units
which may be stacked together in any one rack is
five. Again, these conditions apply to a convection
cooled system and a maximum room ambient tem-

perature of 40°C.

CONNECTIONS
WARNING

Before connecting the a-c power lines, it
should be determined that the capacity of
the power source lines is sufficient to handle
the power supplies to be used. Each power
supply requires 910 watts of power at 117
volts a-c and full load.

Interconnection of Rectifier and Regulator Units

A cable should be fabricated to connect the six
terminals of J102 (rectifier unit) to the six terminals
of J1 (regulator unit). Mating plugs are supplied for
each of these jacks.



Load Connecﬁons

Fabricate one or two cables consisting of at least
six conductors each to connect the output of the
regulator unit (from either J2, J3, or both) to the
load equipments. The output connectors and mating
plugs are provided for convenience in dividing the
load among several equipments. Notice that Pins 7
and 8 of J2 are connected to one section of the d-c
power switch S2. These connections are provided for
convenience in interlocking an external device with
the operation of this switch.

NOTE: The use of cables containing six or more
conductors is* recommended so as to provide for
future needs when all are not used originally. (See
REMOTE REFERENCE VOLTAGE.)

Refer to Figure 15, the schematic diagram of the
regulator chassis, for identification of the terminals
of output connectors J2 and J3. If centering current
is required, see CENTERING CURRENT.

Rectifier Unit Tap Selection

Fabricate an a-c power cable using the connector
provided for J101, on the rectifier chassis. Intercon-
nect the regulator and rectifier units. Connect to the
regulator unit the actual load equipments which will
be used with this supply. Apply a-c power to the
rectifier unit and turn on both the d-c switch (S101)
on this unit and the d-c switch (S1) on the regulator
unit. When the relays in both units close, proceed
as follows:

a. Plug a standard RCA current and voltage meter
(MI-21200-C1) into the meter jack, J4 (on the
regulator chassis).

b. Place switch S1 (on the regulator chassis) in
the E, /2 position.

c. Adjust the E, control, R38 (on the front panel
of the regulator chassis) to the position for which
the desired voltage is indicated on the meter.

d. Place the meter switch S1 in the I,/10 position
and ascertain the load current being drawn from the
regulated output. This load current must fall between
the limits specified under Electrical Specifications on

page 4.

e. Place an oscilloscope across the regulated out-
put of the supply (between the +B jack J5 and the
chassis). Synchronize the oscilloscope with the power
line frequency. Set the oscilloscope gain to display
the ripple voltage present with a barely perceptible
amplitude.
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f. As a test for an operating margin of safety, turn
the E, control to indicate an output voltage 15 volts
greater than the desired operating voltage. (If the
range of the control will not reach this level, use the
maximum voltage obtainable.)

g- If the ripple voltage increases abruptly under
this condition, the a-c line voltage is too low for the
existing tap connection at the rectifier transformer.
(The equipment should be allowed to operate at least
five minutes to allow some temperature stabilization.)

h. If the results of this test are negative (excessive
ripple produced), remove the a-c plug at J101, shift
the wire connected to T101 with an eyelet terminal,
to a lower numbered tap. Reapply a-c power and
repeat the margin of safety test of f. and g.

i. If the results of the test are still negative when
the eyelet terminal is connected to tap number 2, the
a-c line voltage is too low to safely operate the power
supply at the load current being drawn, and must be
raised or the lead current reduced.

j- Return the E, control to the position giving the
desired output voltage.

NOTE: If in order to meet the margin of safety
test described in the foregoing steps, the tap con-
nection had to be shifted to a lower tap, the follow-
ing steps k. and 1. may be disregarded.

k. With a d-c voltmeter determine the difference
between the unregulated and regulated output volt-
ages. (Use the +400-volt test point, J103, on the
rectifier chassis and the +B test point, J5, on the
regulator chassis.)

1. Enter the load current from step d. on the graph
of Figure 8 and observe whether the point cor-
responding to the difference voltage from step k. falls
under the curve. If this point lies above the curve,
the a-c line voltage is too high for the existing tap
connection at the rectifier transformer. In this case
shift the wire connected at T101 with an eyelet
terminal, to a higher numbered tap on T101, such
that the operating point falls under the curve of
figure 8.

Regulator Unit Tap Selection

Measure the filament voltage at the regulator unit.
In the event that the voltage is less than 5.7 volts, the
lead which is normally connected to the number 5
terminal of the filament transformer (T1) should be
moved to a lower numbered terminal, making the
filament voltage greater than 5.7 volts but less than
6.9 volts, preferably as near to 6.3 volts as possible.






