Westinghouse Type “PCA” Capacitor Potential Devices

CONSTRUCTION—INSTALLATION—OPERATION
AND MAINTENANCE

Description:

The type PCA Capacitor Potential Device provides an economical
source of low voltage energy sultable for the operation of instruments and
relays. The device consists of two maln parts, e. g., the coupling unit
and the potential network.

The coupling unit consists of a stack of coupling capacitors
bolted together forming a series capacitance between line and ground. The
lower capacitor 1s a multiple unit containing a tap for connection to the
potential device network. Thils tapped portion 1s sometimes called the
suxiliary capacitor. When there are several units in the stack, the upper
coupling capacitors are identical. The multiple capacitor unit is bolted
directly to the device housing in the factory and the leads from this unit
are connected through two solder sealed porcelain terminals which extend
into the device housing. These terminals are marked B and C, the "B" ter-
minal is connected to the potential network and the "C" terminal is con-
nected to ground. When used with carrier, the connectlons to the "B" and
"o" terminals are made through radio frequency choke colls.

The potential network is contained within a weatherproof housing
which supports the capacitor stack, and is bolted thereto. It contains a
varlable reactance transformer, voltage adjusting transformer, potential
device spark gap and ground switch, power factor correction capacitor, and
a 1200 ohm resistor. When equipped for use with carrier relaying, a car-
rier frequency choke coil, carrier frequency drain coil, carrier gap, and
an externally operated ground switch are also installed within the housing.
A carrier lead with entranee insulator is supplied for connection to the
carrier transmitter.

The primary of the variable reactance transformer is connected to
the tapped coupling capacitor (terminal B) and protected by the potential
device gap which is mounted on the top plate of the transformer. This gap
is totally enclosed and sealed within a porcelain shell, and set in the
factory to break down at 15 kv. minimum. A carrier frequency choke coil is
connected between the capacitor tap (terminal B) and the transformer pri-
mary when the coupling capacltor 1s used as a carrier coupling. The po-
tential device ground switech for grounding the primary of this transformer
is mounted on the underside of the bottom capacitor base. The operating
handle is located near the upper left hand corner of the panel assembly.

It is made easlly accessible by opening the door of the housing. Turning
of the handle to the left, grounds the transformer thus removing voltage
from the secondary cilrcuits.

A carrier frequency drain (or choke) coil is connected between
the capacitor terminal”C"and ground when the capacitor stack 1s used as a
carrier coupling. This permits grounding of the capacitor within the po-
tential device housing. The drain coll as well as the choke coil has low
impedance to power frequency and very high impedance to carrier frequencies;
thus preventing dissipation of carrier energy and at the same time effec-
tively. grounding the capacitor stack at 60 cycles. The carrier lead from
the transmitter is connected within the device housing to a supporting
strap which is bolted on terminal®C! When the drain coil is omitted, ter-
minal "C'"s grounded directly to the capacitor base.

The secondary taps of the transformers are connected to a panel
located within the device housing. These taps terminate in dials 1 to 6
which are used to adjust the secondary voltage and angle. The power fac-
tor correction capacitor is connected to single pole switches mounted
thereon, for controlling the required amount of corrective capacitance.
Terminals for connection to instrument and relay circults are provlided on
the panel.
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Westinghouse Type <“PCA” Capacitor Potential Devices

The potential device housing is provided with an entrance on each
side for assembly of the carrier frequency lead exit to the transmitter.
The carrier ground switch is mounted on a plate which can be fastened %o
elther entrance. The carrier lead cable and insulator are fitted into this
plate for support and connection to the capacitor. A blank plate is pro-
vided on the opening not used. When the potential device is used for re-
sidual voltage only, connections to the capacitor stacks on the outer phase
legs are made through these openings, using a special plate having the cor-
rect fittings. This special plate 1s only provided with the required
cables when a device 1s specifically ordered for residual voltage service.

The potential device housing is provided with an upper and lower
vent to facllitate circulation of air within the housing when desired. The
upper vent consists of a small screened opening in one of the side plates,
and the lower vent is a similar type of opening in the base plate near the
front right corner. These openings are sealed for shipping purposes.

Application:

The type PCA potential device is designed for operation between
one line and ground, and may be connected directly to the line without
fuses or other protective apparatus. It is rated at 150 watts at rated
line voltage. The device may be used in single or polyphase combinations
to obtain corresponding secondary voltage to operate synchronoscope, volt-
meters, power indicating meters, and the usual types of relays. The device
1s not sufficiently accurate for metering involving the "billing of power".

The device is equipped with a multiple secondary to provide
simultaneously nominal values of 115 and 66.4 volts and a 115 volts from a
separate ungrounded winding all in phase with the line to ground voltage of
the system. The first two values are obftained from secondary terminsls
31-33 and S2-33 which may be connected in 'star' with devices in the other
two phases to obtain voltages;igﬂgggse with the line-to-line voltage of the
system. A ground terminal (Gr) is provided on the panel of each device to
facilltate making the star connection. The latter value (115-V.) is ob-
tained from secondary terminals Zj-Zz and may be connected in 'delta' with
corresponding terminals in the other two phases to obtain residual voltage
for the operatlon of directional ground relays. A tap Zg—ZB is provided
to deliver 66.4 volts, if the use of terminals Zj-Zz resultd in excessive
residual voltage for the individual application. A1l three sets of ter-
minals S1-33, $52-83, Z1-Z3 can be loaded simultaneously and adjustment made
for the comblned total burden.

Although most relays and instruments generally constitute linear
burdens (constant impedanceg at variable voltages, care should be exer-
clsed in the kind of burdens used with potential devices, particularly
where high speed relaying is involved. Since a device contains the essen-
tlal parts of a resonant network, the characteristic of the circuit may be
affected if saturating burdens are used. Burdens including the use of a
closed magnetic circuit should be avoided unless the iron is worked at low
flux density at normal rated voltage. 1In addition, the use of high power
factor burdens will result in the minimum effect due to transients and cir-
cuit stability is unquestionable.

The power factor correction capacitor supplied with the device
may be used to change the equivalent power factor of lagging burdens, to
unity power factor. This capacitor may be connected either across the 115
volt or 66.4 volt secondary terminals S1-S3 or S2-83 respectively by oper-
ation of the single pole, double throw switch on the panel. The 1200 ohm
resistor connected to terminals W1 and W2 may be used to improve the power
factor of small burdens by energizing W1l and W2 from 51-32, S81-33, or Z1-Z3
150 VA burdens having less than 90% power factor should be corrected to
unlity power factor. The potential device is inherently stable throughout
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the operating range and up to twlce normal voltage when operated with the
usual burdens. At voltages above twice normal, the protective gap will
function to prevent a higher voltage on the potential network.

Inspection:

Upon receipt of the Capacitor Potential Device, the first step 1s
to make a thorough inspection to see that no parts have been broken or
otherwise damaged during shipment. Particular attention should be paid to
the coupling capacitor porcelains. Any damage which has occurred should be
taken care of by restoring the parts to the original condition or by ob-
taining replacement parts from the manufacturer. Claims for damage during
shipment should be taken up at once with the transportation company.

Installation:

The equipment 1s shipped with the multiple coupling capacitor
(bottom unit) bolted to the potential device housing (See Fig. 1). The
upper coupling capacitors and the carrier lead cable are shipped separately
and are to be assembled in the field according to outline drawing 3%-D-1650
or %-D-1651 approved for the equipment. When ventilation 1s required, the
small counter-sunk pipe plug should be removed from the under-side of the
base plate before locating the device on the foundation.

After placing the device assembly on the foundation, inspect to
insure cleanliness of the capacitor bolting surfaces. Place the upper
coupling capacitor assembly on top of the bottom unit and bolt the flanges
together using hardware furnished with the equipment. Lugs have been pro-
vided on the top cover for 1ifting purposes.

The equipment should be properly grounded through the clamp type
terminal provided on the base plate for this purpose at the rear of the
housing. The terminal (4) on the top capacitor cover is to be bolted to
the high tension bus or line, taking care to prevent any undue strain due
to expansion and contraction of the high voltage bus or line from beling
imposed on the capacitors.

Install conduit to the 1-1/2" conduit fitting at the front of the
device housing and connect the leads from the station switchboard to the
secondary terminals of the device as desired.

When using the device as a carrier coupling, the carriler lead
cable should be installed at either of the side plate openings. Access to
the inside of the device housing can be obtained by removing the 3 bolts
holding the panel in place and allow it to lean forward at approximately
45 degrees. The housing right hand side plate will be equipped at the
factory with a hook stick operative carrier ground switch, and will be con-
nected internally to coupling capacitor terminal "C" See Figs. 1 or 3.
The round blind flange on this plate is to be removed and the entrance
porcelain on the carrier cable should be inserted using the gasket fur-
nished. See Fig. 2. The porcelain is held in the housing by means of a
flexible metallic ring which is tightened in place with 2 small bolts on
the clamping ring. Care should be taken in installing the cable assembly
to see that the gasketed joint is properly made, using the cement furnish-
ed, to effectively seal the joint. Connect the carrier frequency lead
internally to the stud of the switch jaw as shown in Fig. 2 and replace
the panel. The carrier gap is shown in detail in Fig. 3. It consists of
a 1/4" ball gap, one end of which is connected to the capacitor terminal
"C;"the other to the ground plate on the under side of the capacitor.

The carrier frequency lead can be connected to the left side of
the housing by inter-changing the side plates and re-connecting to the
horizontal internal connection strap which is attached to the drain coll
and terminal "C".
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In some installatlons, particularly where air circulation in the
device 1s desired, the small 10-watt (1200 ohm) resistor can be used to
heat damp alr that may exist in some locations and prevent condensation.
Air circulation 1s provided by removing the pipe cap from the inclined pipe
on one of the side entrance plates and by removing the pipe plug in the
base of the housing. The resistor can be energized from 31-33 or Z1-Z3 on
"the device panel or from a separate 115-volt source.

Ad justment:

Before energizing the device, check to see that the transformer
primary ground switch on each phase 1s closed, remove the knurled studs
holding the dial arms in place and remove the blocking strap across the
condenser switches. All adjustments of voltage and phase angle are made
on the adjusting panel. Set dial 1 on the X1 position and dial 2 on the
X3 position. Connect the actual burdens involved, 1f low burden adjusting
instruments are used, or connect equivalent burdens to include the burden
of the adjusting instruments. Adjustments should be made on a single phase
basis individually. The method of determining adjusting burdens is given
in Instruction Book 5441D.

To adjust the device, energize the capacltor stack at normal line
voltage (to ground) and frequency. Set dials 3 and 4 on the R7 position
and dials 5 and 6 on the V28 and V1 positions respectively. With the
secondary terminals connected to a burden, lncluding a voltmeter and phase-
meter, open the transformer primary ground switch by turning approximately
120 degrees in a clockwise direction. (The ground switch should be closed
when making or changing potential device adjustments). Note the reading
of the phase meter as compared to a known voltage and also the secondary
voltage as compared to the known voltage, and ratio. The correct line
voltage should be ascertained to see 1f it corresponds to the rated voltage
of the device, for instance 161-kv. If the line voltage is less than nor-
mal rating of the device, this fact should be taken into consideration in
setting the secondary voltage so that all 3 devices in a 3 phase group will
have the same secondary voltage when connected in 'star'.

Using these readings of voltage and angle as a starting basis,
the device settings should be changed in accordance with the following
information:

Phase angle adjustment: Taps R1 to R14 are provided

on the variable reactance transformer for adjustment

of phase angle. This winding i1s used to boost or buck
the inherent reactance of the transformer and is con-
trolled in this respect by the 2 pole double throw switch
on the adjusting panel. Excessive inductive reactance
will result in lagging phase angle and lack of reactance
will result in leading phase angle. Large steps of
reactance are obtained from dial number 4 and small

steps from dilal number 3.

If the original angular reading is lagging, set the double
pole double throw switeh in the "buck" position and move
dial 4 clockwise to give a lagging angle closest to zero.
Then move dial 3 counter clockwise to bring the angle to
zZero.

If the original angular reading is leading, set the double
pole double throw switch in the "boost" position and move
dial 4 clockwise to give a leading angle closest to zero;
then move dial 3 counter clockwise to bring the angle to
zero. Steps on dial 4 are in approximately 3 degree in-
crements and steps on dial 3 are in approximately 1/4 to
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1/2 degree increments at rated burden.These amounts are affected to
some extend by the burden imposed on the device.

Voltage Adjustment: Taps V1 to V28 are provided on the voltage
adjusting transformer for adjustment of secondary voltage. This
transformer will increase or decrease the voltage obtained from
terminals X1-X3 of the variable reactance transformer and is con-
trolled by dials 5 and 6. Large steps of voltage are obtained
from dial number & and small steps from dial number 5. Trans-

former ratios are indicated in figure 4.

The secondary voltage will, in most cases, be low with dials 5
and 6 set on the V28 and V1. Turn dial 6 clockwise until the
voltage is increased to a value closest to but not exceeding the
desired secondary voltage; then turn dial 5 counter-clockwise
until the exact correct secondary voltage 1s obtailned.

Under burden conditions, steps on dial 6 are in approximately 4
to 6 volt increments and steps on dial 5 are in approximately .3
to .5 volt increments. These amounts are affected to a small ex-
tent by the burden imposed on the device.

Approximate Adjustments: As a basis for adjusting devices in the
field, several typical dial settings are given here for burdens
as indicated:

Zero Phase Angle Displacement:

115 Kv.
(a) Burden: 150 watt - 66.4 volt - Terminals S52-83,

Setting: X1-X3-R1-R10-V16-V3G. D.P.D.T. switch
in buck position.

(b) Burden: 25 watt - 66.4 volt - Terminals S2-33.

Setting: X1-X3-R7-R10-V1-V8. D.P.D.T. switch in
buck position.

161 Kv.
(a) Burden: 150 watt - 66.4 volt - Terminals 32-33.

Setting: X1-X3-R7-R9-V26-V10. D.P.D.T. switch
in buck position.

(b) Burden: 25 watt - 66.4 volt - Terminals 32-33.

Settings: X1-X3-R2-R8-v28-v9. D.P.D.T, switch
in buck position.

(c) Burden: 150 watt - 115 volt - Terminals S1-33.

Settings: X1-X3-R7-R9-V16-V9., D.P.D.T. switch
in buck position.

(d) Burden: 50 watt - 115 volt - Terminals S1-33.

Settings: X1-X3-R1-R8-V26-V9. D.P.D.T. switch
in buck position.
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30 Degree Phase Angle Displacement:

The devices may also be adjusted for 30 degree lagging phase
angle with respect to line-to-ground phase voltage. This is
accomplished by loading the device with 150 VA leading power
factor burden. A sufficilent amount of resistance in parallel
with the burden, and the required power factor correction capa-
city will provide the necessary adjustment. The combined burden
should not exceed 150 VA.

A typical 161 kv. device adjustment at normal line voltage
is as follows:

Total Burden 150 VA (117 ohms in parallel with 20 Mfds.)
Sec. Volts 115 - Phase Angle 30° lag - Terminals S1-53.
Settings: -X1-X3-R5-R13-V6-V20-C5-C6-C7.

D.P.D.T. switch in "boost" position

S.P.D.T. switeh in "115-V." position.

Similar adjustments are obtained with other voltage class units.

When the final setting has been obtained, it is desirable to
check the capacitor tap or transformer primary voltage. This is done by
measuring the voltage between H2 terminal and Gr terminal on the panel,
using & high resistance voltmeter. The measurement should be made at nor-
mal line voltage with the maximum service burden connected. This reading
will usually be less than 140 volts and in no case should it exceed 150
volts. The ratio of the H2 tap is 50 to 1.

Lagging burden power factor correction is obtained by ad-
justment of the single pole swilitches on the main panel. Operation of the
single pole double throw (S.P.D.T.) switch will connect one side of the
capacitor to elther the 115-V. or 66.4 volt secondary. Closing of switches
C2 to C7 will energize the capacitor, thus inserting the capacity correc-
tion.

Power Factor Adjustment: Based on the known volt ampere
and power factor of the burden at the voltage involved,
determine the reactive volt ampere component as followss:-

Reactive Factor (RF) = -Vi - (Power Factor) <
Reactive Volt amps. = Burden Volt amps. X.R.F,

Using curves of PFig. 5, determine the required correction

in microfarads. By proper selection of switch combinations,
the desired value of capacitance may be obtained in steps of
3.5 volt amperes. Over-correction is recommended. The
nominal capacitance values available are as follows:-

Switch Capacitance (MF) Volt Amps. (115 V.)
ce .70 3.50
C3 1.45 7.25
ch 1.60 8
c5 3.00 15
c6 6.00 30
cT 12.00 60

After adjustments have been completed, the dial arms should
be locked in place with the knurled set screws shipped with the equipment
and the switches locked in position by use of the insulating strap. Care
should be taken to see that all power factor correction capacitor switches
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not used are in the full open position. The potential device ground switch
should be left in the open position. The door of the housing should be
closed tightly by complete ninety degree turn of the handle. See that the
hook stick operated carrier ground switch is placed in the "grounded" po-
sition until after connection has been properly made to the carrier.
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