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Westinghouse

Condenser Bushing Potential Device

DESCRIPTION AND THEORY

The Condenser Bushing Potential
Device provides a means of obtaining a
low voltage suitable for instrument and
rclay use, without using a high voltage
potential transformer. The component
parts of the device are mounted in a
sheet stcel protective housing and ar-
rangement is provided for connecting
to a tap ncar the ground band of a con-
denser bushing which may be the termi-
nal of a circuit-breaker or of a power
transformer, or may be mounted in a
separate tank.  The connection between
the tap and housing is short and con-
sists of a varnished cambric insulated
lcad covered cable. Fittings are pre-
vided on each end to aftord easy instal-
lation.

The potential device makes usc of the
inhcrent potentiometer characteristics
of the condenser bushing on high tension
circuit-breakers and transformers, The
condenser bushing itself consists of a
conductor surrounded by alternate laycrs
of insulating and conducting material.
The conducting material may be con-
sidered as the plates of a condenser and
the insulating material is, of course, the
insulation between the various plates.
The various conducting layers arc
accurately proportioned so that thce
voltage stresses arc practically equal
across cach insulating layer. The bush-
ing has a sufficicnt number of layers's@
that a comparativcly low evenly dis-
tributed potential isobtained across €aech
layer and from the voltage tap to'ground.
The condenser bushings with the voltage
tap have been so designed that theirgwell
known advantages of mechanical rugged-
ness, great dielectric stremgthihigh
flashover value and long life atc all re-
tained.

This tap voltage is stepped down by a
small potentdal tramsformer within the
potential dcviecd and ghaving suitable
reactance and capacify in its secondary
circuit te give a voltage of proper magni-
tude, usually 63.5 or 110 volts as de-
sired, and of gerrect phase relation for
theoperation of switchboard instruments
and relays.

The“equipment within the housing
comsists of a low voltage potential trans-
former, an enclosed spark gap, a reactor
and condensers. A ground switch is
provided in the Type PB-2 device only.
The normal position of the switch is

open. When closed the tap connection
to the bushing is grounded within the
potential device housing.

The spark gap is a protective feature
that functions when an overload has
been placed on the secondary terminals
of the device, thereby protecting the
bushing. Likewise, the gap functions
upon abnormal line conditions such as
would be caused by lightning, switching,
etc., thus protecting the instruments
connected to the secondary of the de-
vice. The operation of the protective
gap due to impulse surges caused by
lightning, switching, etc., or excessiye
load is in no way detrimental to ghe
long life of the bushing.

The transformer, rcactor and, con-
denser are all equipped withytaps fog the
purpose of making accurateladjufitmient
of the device. The ground comimection
of the primary of the trapsformer ismade
through the protective housing, All
secondary lcads from the, transformer
as wecll as leads from hc rcactor and
condenser are brought to an adjusting
panel mountediat thegfront and right
hand sid€of the'device. The potential
transfermcerjand reactor leads terminate
on dial switchegpand the condenscr leads
on small knife switches so that adjust-
mends maybe quickly and easily made
for 'any frequency or load within the
range ‘offthe equipment. Three con-
ncctions are provided at the bottom of
they adjusting panel and an opening is
provided in the bottom of the housing
for leads to the instrument or relays
which arc to be actuated by thc device.
Thesc leads may be handled and insu-
lated in the same manner as the leads
from the secondary of any standard po-
tential transformer.

APPLICATION

There are cssentially two bushing
potential devices; namely the Type
PB-1 and the Type PB-2. The dis-
tinguishing characteristics are the max-
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imum permissible burden which may
be imposed on the device and ,accuracy
performance. The Type PB-1 device
has the lower rafing and accuracy.
Whereas thegPB-2, dévice operating at
a higher tap ‘weltage.delivers greater
output and ds, mote, accurate. These
devices aremot anterchangeable physical-
ly and are® designed to operate with
bushingS%f different design.

THe, condenser bushing potential de-
vige,is applicable for voltage indication,
frequengey indication, synchronizing and
relay operation. The device may be
applied to thc standard bushings with
voltage tap on circuit-breakers, power
tpansformers or in separate tanks with
the limitations in burden depending on
primary voltage as given in Table L.

For larger volt-ampere burdens it is
often the case that the power factor is
relatively low, as in the average relay
and in certain types of indicating instru-
nients.  In this case the effective volt
ampere burdcn on the device may be
reduced by paralleling a suitable con-
denser capacity installed within the
device te improve the burden power
factor. A discussion of the use and
cffect of this additional condenser is
given under ‘*Adjustments’’.

In case greater secondary burdens
than those above are to be used, two
potential dcvices per pole unit can be
used in parallel per phase. When using
this arrangement it is possible to
carry a burden of double rating per
phase. This will apply mostly to relay
applications where it will be possible to
open the paralleled secondaries when
the breaker is in the open position. This
arrangement is necessary because the
Potential Device on the line side of the
preaker would otherwise feed back into
the device on the bus side.

One desirable application of this device
is for synchronizing across a circuit-
breaker using a potential device on both
the line and bus sides of the breaker. On

TABLE 1

Bushing Class Operating Voltage

92 kv. 88— 92 kv.
115 kv. 110—115 kv,
138 kv. 132—138 kv.
181 kv. 154—161 kv.
196 kv. 187—196 kv.
230 kv. 220—230 kv.

*20 watts at 63.5 volts (only).

3

BURDEN (63.5-110 VOLTS)
PB-1 PB-2
8 watts** 15 watts*
15 watts 30 watts
20 watts 40 watts
27 watts 55 watts
50 watts 100 watts
60 watts 100 watts

**12 watts at 63.5 volts {(only).
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systems not solidly grounded and where
there is possibility of neutral shift, phase
to phase synchronizing should be used.
This may be accomplished by connecting
two devices in series (reversed open
delta) on adjacent phases to indicate
phase to phase voltage instead of the
usual phase to ground voltage.

The potential device is adaptable to
most relay protection schemes requiring
a voltage source. Itisinherently adapted
to those schemes depending upon a volt-
age indication from phase to ground
sincethe secondary voltage of the device
is proportional to ‘‘phase to ground”
voltage. The secondaries of three devices
(three-phaseinstallation) can be connect-
ed in star or delta to obtain potential for
directional phase or ground relays. The
potential device is energized continu-
ously and a potential is always available
for relay operation whenever a fault
occurs.

INSPECTION

Upon receipt of the Condenser Bush-
ing Potential Device, the first step is to
make a thorough inspection to see that
no parts appear to have been broken,
bent or otherwise damaged during
shipment. Particular attention should
be paid to the condenser bushing voltage
tap and to the plug connection. Any
damage which has occurred should be
taken care of by restoring the parts to
the original condition or by obtaining
replacement parts from the manu-
facturer. Claims for damage during
shipment should be taken up at once
with the transportation company.

The interior of the device should be
inspected as to condition of wiring. In
case there is any indication of the presf
ence of moisture, the equipment ghould
be thoroughly dried before puttinglinto
service with the condenser bushings

INSTALLATION

The Condenser Bushing 4 Patential
Device is composed ofgtwoimain parts,
namely the condénser bushing and the
potential device nétwork ™ contained
within the protective housing. The
condenser bushing‘s, usually a part of
the circuit-breaker or other high voltage
apparatus and should be installed in
accordance with dnstructions pertaining
to the particular apparatus. The voltage
tap ,on the bushing must extend out-
wards téwatds the potential device hous-
ifighas shown in Figure 1, to permit proper
agsembly of the ‘‘lead-in’" cable which is
furnished with each housing. In case
the bushing is mounted in a separate
t@nk, it is only necessary to install the

bushing in accordance with instruction
Card No. (E.P.)I.C. 182 and L.T. 994
and fill the tank with Wemco “C” oil to
the proper level as indicated by the
gauge. Care must be taken to insure that
all joints are made tight to prevent the
entrance of moisture.

The potential device housing is
equipped with two entrances for the
primary and secondary circuits and with
lugs for mounting on the circuit-breaker
or transformer tank. When installing
the housing (device contained within) as
shown in Figures 2 and 3, care should be
taken to insure that paint and other
foreign material is cleaned from the lug
surfaces which come into contact. These
surfaces should then be given a coat of
conducting paint to prevent rusting.
Since the apparatus within the housing
is grounded to the housing it is necessary
that the device be grounded through the
lug connection to the tank and the tank
provided with a good ground.

Conpettion to voltage

The primary circuit as made by instal-
lation of the lead-incable assemblyshowa
in Figures 4a and 4b. The lead-in cahle
assembly consists of a high voltagevars
nished cambric insulated lead ¢Overed
cable with suitable couplings, gaskets,
and a porcelain plug. It is used to pre-
vide an electrical connection between the
bushing voltage tap and the potential
device. The lead-in cable assembly as
shipped, is tested elgetrically and me-
chanically. Special presSuretests insure
against the possibleentranée of moisture
in the completely assembled cable,

When thefcabledis first received, a
careful ingpection should be made to
determine ifgthe¥eable is in first class
condition, undamaged in transit, and
that_no “meisture is in evidence. If
moisturéyis found, the cable assembly
should be¢arefully dried in an oven of
tempetature not to exceed 85°C., before
anyJdattempt is made to place the cable
in service,

taplof qondenser bushing

Yoraish camébric insulated
lead covered cable to be
carefully weather-proofed

Housing containing the
potential device network
to be mounted on tank
using lugs provided for
that purpose.

Conduit from this connection
to be supplied by customer

Clean lugs for good ground
ond apply a coating of con-
ducting paint,

I S

F16. 1—CONDENSER BUSHING POTENTIAL DEVICE MQUNTED ON BREAKE®R TANK
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Fic. 2—Tvyre PB-1

The voltage taps of all bushingsshould
be filled with petrolatum (commercial
vaseline) before being placed in service.
Bushings equipped with a tap for the
PB-1 device should have petrolatum
forced into the chamber before installing
the lead-in-cable. The petrolatum
should be packed in the cliamber in a
manner that will prevent the possi-
bility of any air pockets after assembly
of the cakle. Bushings equipped with
a tap for the PB-2 device are provided
with a filling plug, permitting the tap
chamber to be filled with heated petro-
latum in the liquid condition after the
lead-in-cable is assembled in place.
Sufficient time should be allowed in
filling the chamber to prevent the forma-
tion of air pockets.

The installation of the lead-in-cable
should be carried out in the following
manner. The gasket supplied by the
manufacturer for each coupling should
be coated on both sides with a weather
proofing shellac or varnish  Apply.a
similar coating to all flanged ‘Suffaces
and threads through which moisture
may tend to pass. The hofising end
of the cable assembly should{be assem-
bled first and carefully tightenedwwith a
suitable wrench to insure afgeod tight
weatherproof jointly, Thedcable should
then be carefullypbentige that the bush-
ing end of thefcablegmay“be inserted in
the voltage €4ap offthe bushing without
interference. This coupling should then
be tightened to ‘imstire a good tight
weatherproof joint. The tap chamber
of the bushing used with the PB-2 de-
vice should bérfilled with petrolatum
as deseribed above.

Thenentire cable assembly should be
givenja coat of weather-proof paint as
a further protection against weather.
The housing end of the cable should be
connhected to the transformer primary
and the lightning arrester forming the
T-connection as indicated on the wiring

FiG. 3—Tyre PB-2

diagram. The connection from the pri-
mary of the transformer and of the
lightning arrester to their respectiye
points of grounding should be inspected
to insure that same have not\weérked
loose during transportation andy field
assembly.

ADJUSTMENT

Determination of Reference Potential~
In making the propemadjustment of the
condenser bushing'potential device it is
essential thatma, referénce potential and
a secondary burden béfavailable. Wue

Bushing “end 1o be r
inserted  in " (Eitting t
provided o3 condénser
bushinglflange. S
Gaskeb suppliedywilh
lead-inocable  assem- N
biysmto be coated on
gach side vith
weather Proof-
ing shellae or
varniihd when =
assembling in

Jeeid.

Jhreaded joint to be
coaled with weather-
proofing sheltac or
varnish and carefdly
tghtened (o make it
weather-proo?,

e

Care should be taken to
gvord sherp bends
Lead-ircehie Minimum
raduis of curvature oF
dend is binches The
bend should net include
the wiped jaint

Gasket  supplied
with lead-in-cable
assembly, 1o be

Threaded saint to be
coated with weather-

prao(/aq sholiac a.; , ‘coated on each side
varnish and careful- with weatherproof-
Iy tightened to make ing shellac of c»a{—

# weather-proof at
condwit fitiing on 4
tap of device housmg HES

nirh, when assem-

bling in ficld.

Connection (o be thor-
oughly taped and

nsuiated after at-
taching tothe trons.
Former ana ightning
arrester terminals.

FiG. 4a—LEAD 1N CaBLE AssempLy (PB-1)

S

to the fact that both the magnitude and
phase angle of the secondary voltageiof
the device is affected by the clibice of
settings, it is necessary to use a known
reference as a basis. This reference
should be a voltage in phase with the
voltage across the condenser bushing to
ground and of proportionate magnitude.
** It is usually mest convenient to
obtain this refergncegifrom potential
transformers ‘Gnstalléd in/a low voltage
bus. Quite frequently ¢he determination
of the correctfreferenceis complicated by
the power (apparatus between the high
voltage system and the low voltage bus.
For a particular example refer to Figure 5
wheréla,110 Ky system has been selected
#*Supgest use of Reactive Compenent Com-
pensator Style 423778 for obtaining voltage

of corréct magnitude and phase angle from

the available bus potential transformers
where necessary.

Gasket supplied
with lead-in-cable
assewmbly, io be coal-
ed on each side wilh
weather-proefiing
shellac or warnish,
when assembling in
Jfield.

Busking end to be
inserted in  fitting
provided on conden-
ser bushing flange.

....|
o

Cace should be taker to
evpid sharp bends in
! ead-in-ceble. Mnimum
radus of curveture of
bend 15 Trnches. The
end showld not inviude
h3 the wiped goiné.

(
{

~
Ty
g

%)
-
o
A

i
Z
050

L

Gasket supplied
with lead-in-cable 3
assembly, lo be ceat- P
ed en each sidewith Y\
weather-proofing 3
shellac or varnish,
when assembling
in field.

Y.

S50 4

o

Housing end of
lead-in-cable assem-
bly to be connected to
lighining arrester
using jlexible cable
connector supplied
with device.

v

A

F16. 4b—LEaD IN CABLE AssemaLy (PB-2)



Westinghouse Condenser Bushing Potential Device

c 8 A

A\ 000

110KV, Vectors

Ci\’ B8N A

/\MAB,B,

Al
5' 22KV
. ¢ Bus.

22KV Vectars

Pot. Trans.
Sec. Vectors

Fig. 5—

Pot. trans.
Subtractive
polarity.

VECTOR ANALYSIS FOR OBTAINING CORRECT REFERENCE P@aEN1TATS)

Puase RetatieN A, B, C

with two potential transformers connect-
ed in open delta in the 22 kv., bus. An
inspection of this diagram indicates that
the voltages will have the following
relation and the proper reference to be
selected.

Potential

110 Kv, Transf. Sec
Voltage (Reference)
A toN a to b*
BtoN btoc
CtoN c tola

*By removing greund from tie point of pot.

traus. secendary.

In making a similar analysis for @
given installation,care must be exercised
in the determination of thefphase rota-
tion of the system amd of \tlie relative
polarity of the tramsforming apparatus.

To determined the, magnitude of
the potential dévicesecondary voltage
(across terminals'§ySy) a high resistance
voltmeter (low burden)4of not less than
20000 ohms at 110 volts should be used,
to prevent the burden of the voltmeter
affecting the secofidary voltage. (Sug-
gest Westinghouse Voltmeter Style No.
703872.) ‘When it is impossible to obtain
a voltmeter) of low burden it will be
necessary, to include the burden of the
meter in the dummy burden.

10, determine the phase angle of the
Potential device secondary voltage rel-
ative to the ‘‘phase to ground’ voltage

of the systemf§ 1t is recommended that a
Westinghodse Phase Meter Style No.
408136A40r allow burden two voltage
element phase metesbe used. The choice
of instrumentswill depend on the partic-
ular application of the devices in ques-
tion. If the devices are to be used for
sygehronizing it will probably be more
convenient to use the synchronoscope as
installedfon the switchboard for deter-
mining phase angle. The phase meter
is probably better adapted to adjusting
the devices used for relaying on account
of its accuracy and portability.
Regardless of the instrument used for
phase indication, it will be necessary to
cnergize one clement from the known
correct reference. When using the
synchronoscope, potential transformer
voltage can be applied to one side of the
synchronoscope and the potential device
voltage to the other. (Assuming of
course that the primaries of each type
of voltage apparatus are energized from
same phase of the high voltage system
and in synchronism.) This voltage
must have approximately the same
magnitude as the potential device
sccondary voltage. When thc device
is properly adjusted, the synchronoscope
should indicate practically zero. When
using the phase meter the current
element should be energized from the
potential transformer by connecting in

6

series with sufficient resistance (or
lamps) to limit the current to approxi-
mately two and one-half amperes in the
secondary of the potential transformer
and meter. In using this schemgcare
must be taken in avoiding overburden
of the bus potential transformer. Tipis
advisable to use the same reference
phase for adjustment of devices on all
three-phascs and make allowarni¢e for
angle between phaseggof the system
(120*) when adjusting d@vices on thc
other two-phasesiy, (Do not use voltage
across open delta ofgthe bus potential
transformers t@ cneérgize’the current coil
of the phase meter.) ¥If a two voltage
element plase metér is used, energize
the lowest burden element from the
potentizlidevicg and the other from the
potential traf&former.

Determination of Adjusting Burden—
It isoften impossible to adjust the
condenser bushing potential device with
its associatcd meters and relays. This
is,due to the effect of the burdens of the
measuring instruments used for adjust-
ing and also to the distribution of secon-
dary burdcn, when the devices are con-
nected in star or delta, to supply poten-
tial to various relay and synchronizing
schemes. If a device is to be adjusted
to supply potential (phase to ground)
to anindividual instrument, for example,
a synchronoscope or voltmeter, it will be
more convenient to conncct the secon-
dary of the device to the instrument in-
stalled on the switchboard for use with
the device. The device can be adjusted
as later cxplained by using a high re-
sistance voltmeter to obtain correct
secondary voltage. If a voltmeter and
synchronoscope are to be used inter-
changcably with one potential device
it is advisable to adjust the device so
that it supplies a voltage of correct
magnitude when the voltmeter is con-
nected and of correct phase angle when
the synchronoscope is connected. (Should
a ‘“hot-line’” indication be required, a
neon lamp, 13 watt, 110 volt, can be
connected to the secondary of the poten-
tial device continuously.)

A dummy burden is required to ad-
just the individual potential device when
two or more devices are to be used in
combination for a common burden.
In most cases this burden should in-
clude the measuring instruments, partic-
ularly the phase meter. Several ex-
amples will be taken to illustrate the
method of determining the dummy
burden:

Example No. 1—Suppose it is as-
sumed that three devices are to be in-
stalled on a three-phase 110 kv. breaker
using system sect-up as in Figure 5 to
furnish potential for three directional
CR relays using ‘‘90 degree’’ connection

()
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Oit Circuit Breaker

3

. Polential Device

Mechl  Condenser Bushing

Cur Jrons.

VAR

10 Volts
Phase Burden

3Ph line - 2 ebiloie 2 (0T Bus.

6§35 Volts

{10V olts

. ki Acfiig-3,
- T
Relays trip for %Lﬁ- W
Foult in this direction Tl
= e
Resistor
r
EW‘W* _@
Aux Pot Trans]

L—"{ine Relays

f=Condenser For
RF Correction

To 7rip Circuit

e
2 o1 Type CR Grd Relay.

Assume A Phase Load Across Each Phasé=11 Volt-Amps., 1007, P. F.
At 110 Volts.
I (At 110 Volts) =7 =.1 Amp.
From Left Hand Vectors of Current:
Id (Per Devicej=1.73pxT per phase=1.73 x .1 = .173 Amp.
From Main Vector Diagramhof Voltage:
Per Phase
e Per Devige = —————— = 63.5 Volts
1.73
Burden Per Devi¢e = (ex Id) Per Device = 63.5x.173 = 11 Volt-Amps.,
1009 P. F. at 63.5 Volts
Thus, Burden Per Device, Previded Phase Loading Is Equally Distributed,

L7ype CR

is, the'sanie Volt-Ampere Burden at 63.5 Volts as the Phase
Burden'is at 110 Volts.

F16. 6—CoNDENSER BUSHING POTENTIAL DEVICE CONNETTIONS FOR P16, 7“2V ECToR DIAGRAM FOR DETERMINING DEVICE BURDEN

Grouns AND LINg RELAYS, TyrE CR 90° CONNECTIONS

and equipped with external resistors.
The devices will be connected in star on
their sccondaries as shown in Figure 6
and the relays connected in delta.
The burden of the potential element of
these relays is approximately 15.2 volt-
amperes at 78 percent power factor on
110 volt circuit. Using the method
shown in Figure 7 the burden per dcvice
is 15.2 volt-amperes at 78 percent power
factor on basis of 63.5 volts. In order
to obtain a better performance of each
device it is desirable to compensate for
the effect of the reactive component of
the relay burden. A separate cendenser
installed within the device is foF the
purpose of correeting for reactive gome
ponent of the secondary burden pyimar-
ily to permit the nse of largepdburdens
having a high rcactive conipencnt.
As indicated elsewhere in ghis publica-
tion the maximum burdenjof the PB-1
device for 110 kv. linegvoltagé is 15
volt-amperes at 1009 potwes, factor on
110 volt basis. QThugfto educe the
elfective Durden offehe™Felays on cach
device in iWdfs camplefihe calculation
inTable il deterugdne Lhe capacity of
condenser Qe indeach device.  This
capacity may 180 he determined from
the curve, Fig. §

This value of capacity should be
obtained by“éombining the proper taps
on the balance condenser in cach poten-
tiald@yice. These balance condensersare
quite stmilar Lo the getwork condensers
Raying the units connecled in series with
a tap brought out from cach unit. The
capacity of cach unit is marked on the
cnd of the case and on the panel. The
proper capacity (2.08 in this cxample)
should be ebtained by parallel and series

FOR ANY GIVEN PHASE BURBEN

combinations on caghgcondenser and
finally connccted acrgssiphascs’ on the
sccondary of thc potentialidevice as
shown in Figure 108, The effective
burden on each” déuiccVis 11.8 volt-
amperes at 1009, power factor, Each
device ghould be,_adjusted for this
burded which'is madc wup as shown in
Table Tk

The adjusting burden is made up of
the potential element of the phase meter,
a condenser of 2.23 m.f. capacity and a
resistor of 563 ohms resistance, all
connected in parallel. The current ele-
ment of the phase meter should he
energized from the correct reference
potential as described above and the

device adjusted as later explained.

TABLE II
*Relay burden in volt-amperes (110 volts) (15.2 volt-amps.

S8 P F.) 11.8 + 3945
Minimum poss.lble effective burden of relay in volt-amps.

(Watt component). ......oo vt iinnninnininnennnn. 11.8 430
Reactive component in volt-amps. to be balanced by con-

denser (V. A) i e 0+ 39.45

V.A. X 108
Bai > C ity =
alance Capacity E %2 pra
108
= —--->E~‘,_,_ = 2.08 micro-farads.
1102 X 377

*See Fig. 9.

TABLE III (Based on 63.5 Vults)
fPhase Meter burden in volt-amp. (5.75 volt-amp.—

80.80, P F )™ e 4.65+33.39
Paralleled condenser in volt-amps............o oo 0—j3.39
Paralleled resistor in volt-amps.. ..., 715450
Adjusting burden in volt-amps... .. ..coov it 11.80 4 ;0

. E 6§
Paralleled resistance =-—— —=563 ohms.
VA, 7.15
Paralleled p VLA X100
aralleled condenser = B 2 a1
3.39 10
= 3.39 X 100 = 2.23 m. f,
63.5% X 377

T Burden of patential coil of Phase Meter to be used should be measured accurately as the burden
of different instruments vary somewhat,

* Phase meter burden can be eliminated if a low burden {less than one volt-amp.) phase meter
is used.
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Example No. 2—Should it be required
to adjust three devices to supply poten-
tial for CR relays using 30 degree connec-
tion (See Fig. 11) (without external
resistor) a procedure similar to example
number one is followed except the
effective burden can be considerably
reduced. See Table IV.

This does not indicate that it is neces-
sary to balance with this amount of
capacity to obtain proper functioning ef
the devices with the relays. It is an

example however that apparently heavy
burdens (low gower fdetor) can be
carried on thé deviees if the effective
burden per devigeds reduced by power
factor corréegion. Lhe amount of con-
denser to use i§pgoverned by the per
missible maximum Burden of the device
In corregcting the effective burden to
1009, 4power factor it is necessary to use
an adjustigg burden of 1009; power
factogpwhich is usually much easier to
make up than a burden at any other

power factor.

If it is desirable to use a directional
type CR ground relay with either of the
above phase relay schemes, a residual
delta voltage can be obtained by using
an auxiliary star-delta three-phase trans-
former (Westinghouse Style No. 699869
all contained in one case). The CR
ground relay should have four one
microfarad condensers connected across
the potential element to insure correct
operation with the potential device.

)

TABLE IV

Relay burden in volt-amps. (110volts) (23.7 volt-amps.—

150 P B ) e e e e e, 3.50 +j23.4

Reactive,or J Minimum possible effective burden of relay in volt-amps.
componenttig, (watt component)............. e 3.56 + 30
;i;“‘“’e Vo/¢ Reactivevcomponent in volt-amps. to be balanced—by )

P, condenser (V. A)..urriin et e i iiananns 0+4+j23.4

. 23.4 X 10
Balance capacity = 1100 % 377 5.12 m.f.
TABLE V

watt Component Burden imposed on each device = 11.44 X —— = 6.62 volt-amps. at 909 P. F.

110
= le D di; P Fact } 4 . . .
= ﬁﬁfa‘én. epencing on Fower Factor o Burden imposed on each device vectorally = 5.95 + j 2.88
g‘;‘;’;‘;&;"ﬁ;ﬂ;‘f_j’g;ﬁig Phase meter burden in volt-amps... ... ....cvvvuenn. .. 4.65 +j3.39
Watt Component =Power Factor x Total Burden. Paralleled condenser in volt-amps........vovuvneennn.. 0—30.51
Reactive Component =Reactive Factor x Total . . .
Burden, Paralleled resistance in volt-amps... .o ceviven e e, 1.30 + 30
For Relay Burden)of 15.2 Volt-A . at 78 % P.F. . . T AT
or eayw:t‘; eCo:xponento'_— '},‘5‘,“ 152 211.8 Adjusting burden in volt-amps........c.coeii ... 5.95 +;2.88
R ?,a“sé t 2 x 15.2=9.45 63.5¢ ﬁ
eactive Component—.62 x 15.2=9.4 : . - -
Reactive Volt-Amps., Or VoIt Paralleled resistance T30 3100 ohms.
Ampere Burden=11.8 -4 j9.45. 51 X 106 | —
F1G9 9—METHOD OF SEPARATING A BURDEN Paralleled “OUdCHS‘JT=":"“',,—'*‘—* =.335 m.f.
INTO 115 COMPONENTS 63.5: X 377
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The burden of this ground relay need
not be considered in the adjustment of
the devices.

It is sometimes desirable when using
directional relay protection to check the
angle between the voltage and current
in the potential and current elements
respectively. This check is described in
detail in the instruction books covering
the particular relay. ®ne modification
is necessary when using the potential
device, however, in that the potential
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connections must belgetnoved, from one
particular relay andgthéypotcntial ele-
ment of the phase m¢ter inserted instead,
In addition, the burden of the phasc
meter must be gnodified with condenscrs
where pogsiblettofhave the same burden
as thegpotential ‘gleinent of the rclay.
For eascs where the burden of the relay
is Jessthan thc burden of the phase
metergythe relays should be connected as
usedpin Service and the voltage across

dach/ potential clement of the relay

checked against a known refeféfiee
voltage using the ‘“‘null method'flor us=~
ing a low burden phase motor,

Example No. 3-——Suppose it is assumed
that two devices are to be installed’on a
three-phase 110 kv. breaker using a
system set-up as in Figure 5 to furnish
potential for a Type SI synehronoscope.
The devices will be connected in series
(reversed opendeltadysupplying a phase
to phase doltagegas shown in Figure 13.
The standardyTypesSI synchronoscope
has twog@lemcnts, having burdens of
10.6 volt-ampsyat 1009, power factor
and 11.44 volt-amps. at 909, power factor
on thegplit‘phase element both ona 110
vélt circui®r  To adjust the two devices
for “thedsynchronoscope burden it is
adwigable to make an approximate
adjustment on the individual device
ang make the final adjustment with the
devices connccted is reversed open delta
to the synchronoxcope. The adjusting
burden is made up asshown in Table V.,

The adjusting burden is made up of
the potential element of the phascmeter,
a condenser of .335 m.f. capacity and
a resistor of 3100 ohms resistance all
connccted in parallel. The current cle-
ment of the phase meter should be cner-
gized from the correct reference potential
and the devices adjusted to approxi-
mately zero angle and 63.5 volts.

Connect the devices in reversed open
delta to the synchronoscope mounted on
the station switchboard. Energize the
other side of the synchrono:copefromthe
reference potential (correct phase and
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Westinghouse Condenser Bushing Potential Device

magnitude) and make any slight adjust-
ment as may be required atthe devices
to bring the synchronoscope needle to
zero. Both devices should be adjusted
together. For a given shift inangle or
voltage a portion of each should be cor-
rected by making necessary adjustment
on each device, and, notallon onedevice.
This method of adjustment is suggested
to prevent incorrect series operation of
the devices. The regulation of a device
is changed by changing its adjustment
and it is quite easy to obtain settings
whereby one device would tend te take
all of the burden. This is prevented by
making the initial approximate adjust-
ment individually.

In general, regardless of the scheme
used and tetal combined burden, it is
necessary to determine the burden to
which each device will be subjected at
its desired normal operating voltage.
When six devices are used per breaker to
supply a common burden such as relays
when the breaker is closed and some
other burden such as a synchronoscope
when the breaker is open, the same pro-
cedure is followed as in the above
examples.

DEVICE ADJUSTMENTS

To facilitate the actual adjustment
of the device, a complcte understand-
ing should be had of the connections
and effect of variations of the network
reactor, transformer and condenser.

The main reactor taps are connected
todial No. 1, so that rotating themovable
selector switch from left to right in-
creases the amount of reactance added
to the circuit. This compensates for the
phase shift caused by the capacity of
the condenser bushing and the burden
impedance. The vernier reactor is, a
small coil on the main reactor which may.
be connected additive or subtractiwe
with respect to the main reactof by
varying the selector switches on 'dials
No. 2 and No. 3. When the gimerical
setting of dial switch No. 2| isflarger
than that of dial No. 3, ‘the veraier is
added to the main ¢oil, and Wice versa.
The smaller vernief step§ are between
Vi and V5 while the grelatively larger
steps are between V; an@ Vg This point
should be kept in mind ‘While making
the final adjustments.

The transformer tdps are connected to
dials No. 4)and No. 5 in the following
manner, (See diagram of device).

X Xs-Bowest transformer voltage.

NeXs-Tatermediate

X,-Xs-Intermediate

X;- X3-Normal transforn:er voltage

Xa-Xe-Intermediate

X - Xz-Intermediate
Xi-Xs-Highest transformer voltage.

The first contacts on dials No. 4 and No. 5
are marked “off”’ and provide a means of
opening the secondary circuit when con-
nections are being made to terminals
“Sy" and “Sp’t of the device. It is
unnccessary to open the secondary cir-
cuit or to rcmove the voltage frem the
device while making adjustments as all
the adjusting switches may be readily
moved from one position to another
while the device is encrgized. However,
the selcctor switches on dials No. 1 to
No. 5 should not bridge two adjacent
contacts for any great length of time as
this will give an unsatisfactory adjust-
ment and may causc damage to the
device.

The condenscrs are controlled by
single pole double throw knife switches
insuch a way that the individual conden-
ser units may bc connccted in series,
parallel” or serics parallel as desired.
From the wiring diagram it is evident
that alternate switches throwndtogthe
left andright place the various condeénser
units in parallel across the trangformen
secondary. A switch to the gightiand
another to the left, with on@or more
openin betwcen, placesthcaunits injserics.
The top switches control ghc darger units
andthebottom switehes confrol the small-
er units of netwdrk condcnséf capacity.

It must be remembered that while the
reactor predominately affects the phase
error of the device, and’ the transformer
and conden$eraffects the voltage, that
the adjustmedt or¥wariation of any one
of the cemponcnt parts must necessarily
affect/the magnitude and dircction of the
voltagey and' phase angle together.
Assuming that the device is correctly
mountedyand connected to the bushing
tappand that normal line-to-ground
voltage is available for energizing the
bushing, the following preccdurc should
he noted.

1. Set the reactor selector switch dial

No. 1 to Rs.

2. Set the vernier selectors, switches
dial No. 2 and dial No 3 to V;.

3. Set the transformer selector switch
No. 4 to Xi.

4. Set the transformer selector switch
dial No. 5 to Xj.

5. Close condenser knife switch B to
left and switch C to theright.

6. Connect adjusting burden in-
cluding phase meter or syn-
chronoscope to S; S on the panel
of the device.

7. Connect a voltmeter having re-
sistance not less than 20000 ohms
oun 150 volt scale te S; S,.

10

8. Energize condenser bushing frem

10.

11.

12

.

13.

high voltage system by closing
breaker or line disconnects.
Energize current coil of phase
meter or one element of syn-
chrenscope frem the reference
potential,

Connect reference potential to a
voltmeter to determine its value
at all times during the adjustment.

Note the voltage and_plase angle
errors as indicated ™y the meters
using the initialNdial“and switch
settings givenpin the preceding
paragraphs. Bothyr readings will
probablg be in erfer to start with.
Vary theWmain reactor switch
(Dialy No.) 1) left or right
uatil, théwphase angle error is
approximately zere as indicated
bythe phase indicator. Adjustthe
wvoltage by varying the condenser
knife switches, remembering that
the larger values of capacity are at
the top and the smaller values
at the mottom of the panel. Alter-
nate switches to the right and left
places the condenser units in
parallel acress the transformer
secondary.  Additional voltage
and phase angle variation may be
obtained by varying the trans-
formertapsaspreviously indicated.

When the voltage and phase
angle readings are of approxi-
mately the desired values, the
vernier reactor and smaller con-
denser units should be used to
make the final close adjustments.
TapsVtito V3 of Dials No. 2 and
No. 3 control the smaller steps of
the vernier reactor while taps V5
to V9 control the larger steps.

In case the phase angle error is
very great and difficulty is ex-
perienced in adjusting same, a
re-check should be made tosee that
the voltage used for reference is
approximately equal to the voltage
desired from the potential device,
is from the proper phase, and that
the phase indicator polarity is
correct. If the protective arrester
functions, add additional con-
denser capacity to the circuit by
means of the knife switches, or use
a high voltage setting of the trans-
former. If satisfactory results
cannot be obtained in this way,
re-check the total volt-ampere
burden on the device to make sure
the rating of the device has not
been exceeded.

When a desirable setting has been
obtained measure the voltage
across the mid peint of dial No. 4

()
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and S with a voltmeter having not
less than 40000 ohms on the 300
volt scale. This voltage which is
affected by various adjustments
is the network condenser voltage
and should not exceed 270 volts.

1t is usually desirable to deter-
mine the tap voltage of the device
as finally adjusted, and connected
to the burden. This voltage can
be calculated by multiplying the
transformer secondary voltage
with the transformer ratio. This
ratio can be obtained from the
transformer diagram furnished
with each device. This voltage
under normal operating conditions
should not exceed 4300 volts with
the PB-1 device and 8000 volts
with the PB-2 device.

The PB-2 device can be adjusted
to obtained modified performance.
For instance the device can be
adjusted to lower phase angle
errors than shown on accompany-
ing curves but at the sacrifice of
ratio accuracy and vice versa.
The best average performance
for devices normally operating at
rated line voltage is obtainec with
transformer ratios between 27/1
and 32/1.

. When the devices are used in a

three phase combination of any
nature, care should be taken in
adjusting the devices such that the
same transformer taps are used on
each device of a given >h
group. This precaution wWill d

to hold the internal nce o
each device at the %

L 4

(CONDENSER BUSHING POTENTIAL DEVICE ]
Type PB-1 —Rated Voltage 138 KV..60 Cycles
Normal Line Voltage 132 KV
Device Adjusted for Synchronoscope (12 V.A.)
Frequency Performance to 50% Normal
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may be adjusted to approximat
one and one-half percent e
desired value and phase ang

within 2 degrees fo

within the normal rati he
device. After mernt is
completed the should
be fastened the con-
denser knifeg switch and the

final dial switch settings re-
corded. he r of the housing
should fbe ed” and padlocked

no f attention need be

to evice.

RFORMANCE

serformance of the condenser
potential device is dependent

e line frequency, line voltage and to
e extent the amount of secondary
irden. On referring to the performance
curve (Figure 14) it is noted that the
phase angle variation with frequency is
quite small when using potential devices

11

cy PERFORMANCE

gize both sides of the syn-
noscope.

The typical performance characteris-
cs may be noted from the curves
shown in Figs. 15 to 18 on page 12. If the
device should be loaded beyond its
capacity the secondary voltage is de-
creased and the voltage across the last
layer of the bushing isincreased. Undera
condition of sufficient over-burden the
spark gap arrester will function and
prevent the increased voltage from
causing damage to the bushing.

RENEWAL PARTS

Since there are no parts in this device
subject to wear there is practically no
occasion to carry spare parts. However,
in case thedevice is damaged and replace-
ment parts are needed, it is necessary to
give the name of the part and complete
name plate marking which is located on
the door of the device. It is advisable
to carry several sets of spare lead-in
cable gaskets, as these should be re-
placed whenever the connection to the
bushing is opened.
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CONDENSER BUSHING POTENTIAL DEVICE

Type PB-1 - Ratad Veltage 138 KV.-68 Cycles
Normal Line Voitage 132 KV,

Adjusted to 28 V.A.-180;, P,F .63.5 Volts Sec.
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CONDENSER BUSHING P®TENTIAL DEVICE
Type PB-2-- Rated Voltage 167 KV. 80 Cycles
Normal Line Voltage 154 KV,
Adjusted for 55 V.A,-100¢; P.F.-€3.5 Valts Sec.
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| CONDENSER BUSHING POTENTIAL DEVICE

Type PB-1..Ratad Voltage 138 KV.-60 Cydes

125 Normal Linte Voitage 132 KV,
Adjusted for 20 ¥V, A- 10007 P.F.-63.5 Voits Sec.
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CONDENSER BUSHMING POTENTIAL DEVICE

S I Type PB-2 —~Raled Vollage 161 KV. 60 Cycles
! Norminal Line Voltage 154 KV,
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*HONOLULU, T. H, Hawaiian Elec. Co. Agt
*HOUSTON, TEXAS, 1314 Texas Ave.
#HOUSTON, TEXAS, 2313 Commerce Ave.
tHOUSTON, TEXAS, 2315 Commetce Ave.
*{xHUNTINGTON, W. VA., 209 Ninth Sr.
®*INDIANAPOLIS, IND., 137 So. Penna. Ave.
TINDIANAPOLIS, IND., 551 West Merrill St.
*ISHPEMING, MICH., 433 High St.
‘)]ACKSON. MICH “ 212 West Michigan Ave
*tJOHNSTOWN, PA.. 47 Messenger Sr.
®*t¥KANSAS CITY, MO., 101 W. Eleventh St.
*KNOXVILLE, TENN., Gay & Clinch St.
xLIMA, OHIO
*LITTLE ROCK, ARK., 1115 West 24th St.
% Fones Bros. Hdwe.,

§LI'I'TLE ROCK, ARK.,

2nd & Rock Sts.

*t# LOS ANGELES, CALIF.. 420 So. San Pedro St
*LOUISVILLE, KY., 322 West Broadway
*MADISON, WISC., 508 Edgewood Ave,
*MANSFIELD, OHIO, 200 East FiftHiSt.
*MARSHALL, TEXAS, 202 W. Merritt St
*MEMPHIS. TENN., 130 Madison Ave.
*MIAMI, FLA., 1036 N. MiamiJAVe.
*MILWAUKEE, WISC., 546 North/Broadway
tMILWAUKEE, WISC., 1669 N. Water St.

‘1#M;§QI§EAPOLIS. MINN., 2303' KennedyliSt.,

*MONROE, LA, 130I N. Fousth St.
*NASHVILLE, TENN., 219'N. Second’Ave.
*NEWARK, N. ]., 1180 Raymond Blvd.
t$NEWARK, N. )., Haynes Ave.| &
Highway
xNEWARK, N. J, Plane & Orange St.
*NEW HAVEN, CONN/, 42 Church Sr.
1*NEW ORLEANS, LA, 333 St. Charles Sr.
# NEW ORLEANS. LA 527 Poydras St.
*NEW YORKHN. Y., )150 Broadway
tNEW YORK, NaY., 460\West Thm( -Fourth St
*NIAGARA, FALLS. N, Y., 205 Fa s S
*NORFOLK: VIA., 254 Tazewell S
’OKLAHOMACITY OKLA.,10E. CallformnSt
$ OKLAHOMA CITY,OKLA., Third & AlieSrs.
*OMAHA, [NEB} 409 South Seventeenth St
§OMAHA, NEB., 117 N. 13¢h St.
*PEORIA, ILL., 104 E. State St.
*f% PHILADELPHIA, PA., 3001 Walnat St.
*PHOENIX{ ARIZONA, I1 West Jefferson St

°First Class Mail Only

Lincoln

§Merchandising Only

*PITTSBURG, KANSAS, P.O Box 15

*PITTSBURGH, PA., Nutrall Wotks, 200 Mec.
Candless Ave.

*PITTSBURGH, PA., 435 Seventh Ave.

@#XTI’ITTSBURGH PA., 543 N. Lang Ave,

ORTLAND, 'MAINE, 27 Deetfield)Road

‘PORTLAND OREGON, 309 S. W. Sixth Ave.

tPORTLAND, OREGON;2138 N.Inrerstate Ave

#P%RTLAND. OREGON, 220,N. Thompson

T.

*{PROVIDENCE, Ryl.. 16 Elbow St
*RALEIGH, N. C., 803, Not'th Person St.
SRALEIGH N. C,, 322'S. Harringron St
SREADING, PAS, 619, Spriige St.
*RICHMOND} VA%, Fifth & Byrd

*SROANOKE, (VAL 726First Sr,, S. E.
*fROCHESTER. N. Y.{ 410 Atlanric Ave.
*ROCKFORD, 1Ly 130 South Secotd St.
*SACRAMENTO, CALIF., 20th and “R" Sts.
*SALT,LAKE CITY, UTAH. 10 West First

South)St
t¥ SAET LAREICITY, UTAH., 346 A Pierpont
ve,
§SALT LAKE CITY, UTAH, 235 W. S. Temple
*SAN ANTONIO, TEXAS, 212 Easr Houston

St
*SAN“FRANCISCO, CALIF.,

€.,
*SEATTLE, WASH., 603 Stewarr St.
iﬂSEATTLE WASHI, 3451 East Margmal Way
*SHARON, PA., 469 Sharpsville
‘SIOUX CITY, IOWA, 2311 George SL
*SOUTH BEND. IND., 216 East Wayne St.
§SOUTH BEND, IND., 107 E. Jefferson St.
xSOUTH PHILA. WKS Essington, Pa.
°SOUTH PHILA. WKS., P. O. Box 7348, Phila
delphia, Pa.
*SPOKANE, WASH., So. 158 Monroe St.
*SPRINGFIELD, ILL., 130 So. Sixth St.
* tSPRINGFIELD, MASS., 395 Liberty St.
xSPRINGFIELD, MASS., 653 Page Boulevatd
*ST. LOUIS, MO., 411 North Seventh Sr.
f%ST. LOUIS, MO., 717 South Twelfth St.
xST. LOUIS, MO, 3850 Bingham Ave.
*SYRACUSE, N. Y., 420 N. Geddes St
*TACOMA, WASH., 1023 “A" St.
*TAMPA, FLA., 417 Ellamae Ave.
*TOLEDO, OHIO, 245 Summis St.
*TULSA, OKLA., 303 East Brady St.
*tUTICA, N. Y., 113 N. Genesee St.
*WASHINGTON, D. C., 1434 New York Ave.,

*WATERLOO, IOWA, 328 Jefferson St., P.O.

Box 598,
@*WICHITA, KAN., 233 So. St. Francis Ave.
'TWIALI(ES—BARRE, PA. 267 N. Pennsylvania
ve,
*tWORCESTER, MASS.. 32 Southbridge St.
*Y@RK, PA.. 143 So. George St.
*YOUNGSTOWN, OHIO. 25 E Boardman St.

zHeadquarrers.

I Montgomery

WESTINGHOUSE ELECTRIC SUPPLY COMPANY AND AGENT JOBBERS

Fully eqlipped sales offices and warehouses are mainmined at all locations

ABILENE, KAN., Union Electric Co.
AKRON, OHIO, The Moock Electric Sup. Co.
ALBANY N. Y., 360 Broadway
ALLENTOWN. PA., 522 Maple St
ATLANTA GA., 96 Poplar St., N. AW/
9§Warer St}
» 40 South CalvertSt.
BANGOR, MAINE 175 Broad, St.
@®BINGHAMTON, N. Y 87 CheénangolSes
BIRMINGHAM, ALA.,Moore-Haadley Hdwe.

Co.
BLUEFIELD, W. VA, Superior-S(erIing Co
BOSTON. MASS. 76 Pearl(St
BUFFA N. Y,, McCartthy Bros. & Ford
BURLINGTON VT.. 208 Flynn
BUTTE, MONTANA 50 East Broadwav
CANTON, OHIO, The Moock Electric Sup. Co
CHARLOTTE, N C., 210 Eas: Sixth St.
CHATTANOOGA, TENN., Mills & Lupton

Sup. Co.
CHIEAGO. ILL,. 113 Norrh May St.
CHICAGORIILL., Hyland Electrical Sup. Co
CINCINNATI, OHIO, The Johnson Elec-

i

CLEVEEAND ©HIO, 3950 Prospect Ave.
@COLUMBIA, S°C., 915 Lady St.

COLUMBUS. OHIO, The Hughes

Elsc. Cor

COLUMBUS OHIO, Pixley Electric Sup. Co.

DALLAS. TEXAS, 409 Browder St.

DENVER, COL., The Mine & Smeltet Sup. Co.

DES MOINES, IOWA. 218 Second St.
(ODETROIT, MICH. 218 West Second St.

DULUTH, MINN.,, 308 W. Michigan St.

EL PASO, TEX., Zotk Hardware Co.

Petets

@Changed or added since previous issue.

ERIE, PA., Srar Electrical Co.

EVANSVILLE. IND., 201 N. W. Fitst Sr.
FLINT, MICH., 1314 N Saginaw St.

FORT WORTH, TEXAS, 501 Jones Sr.
GRAND RAPIDS, MICH,, 5€7 Monroe Ave.,

N. W.
GREENVILLE, S. C.. 200 Rivet St.
HOUSTON, TEXAS, 1903 Ruiz Sr.
HUNTINGTON,W.VA. ,Banks.- MlllerSup Co.
@INI/)\IANAPOLIS. IND,, "137 So. Pennsylvania

ve,
JACKSONVILLE, FLA,, 37 South Hogan St.
K%I:SAS CITY, MO., Columbian Electrical

LOS ANGELES, CALIF., 905 East Second St.
LOUISVILLE, KY., Tafel Electric Co.
MADISON, WISC., 1022 E. Washingron Ave.
MIAMI, FLA., 1036 North Miami Ave.
MEMPHIS, TENN., 366 Madison Ave.
MILWAUKEE, WISC., 546 N. Broadway
MINNEAPOLIS, MINN., 215 South Fourth St
MONROE, LA., Monroe Hardware Co.
NASHVILLE, TENN., Tafel Electric Co.
®ONEWARK, N. )., 49 lecrty St.
NEW HAVEN, CONN.. 240 Cedar St.
NEW ORLEANS, LA., Electrical Sup. Co
NEW YORK, N. Y., 150 Varick St.
NEW YORK, N. Y., ' Times Aprllance Co., Inc.
NORFOLK, VA., 254 Tazewel
OAKLAND. CALIF.. Tenth & Alice Sts.
OKLAHOMA CITY,OKLA 10E.California St.
OMAHA, NEB., 117 North Thirteenth St.
PEORIA, ILL., 104 East State St.
PHILADELPHIA, PA,, 1101 Race St.
PHOENIX, ARIZONA, 315 West {ackson St.
PITTSBURGH, PA., Iron City Electric Co.

PORTLAND, OREGON, 134 N. W. Eighth Ave.
PROVIDENCE, R. I., 66 Ship St.
RALEIGH, N. C., 322 S. Harrington St.
READING, PA., 619 Spruce St.
RICHMOND VA 301 South Fifth St
ROANOKE, VA., 726 Ficst St. ., S. E.
ROCHESTER, N. Y., 240 St. Paul St.

@®ST. LOUIS, MO., 1011 Spruce St,
ST, PAUL, MINN., 145 East Fifth Sr.
SACRAMENTO, CALIF., 20th and “R” Sts
SALT LAKE CITY, UTAH, 235 Wesr South

Temple St.

SAN ANTONIO TEXAS, 1201 E. Houston St.
SAN DIEGO, CALIF., The Electric Supplies

Dist. Co.
SAN FRANCISCO, CALIF,, 260 Fifth St.
SCRANTON, PA., Penna. Elect'l Engineer-

ng Co.
SEATTLE, WASH., 558 First Ave., Sourh
SI@UX CITY, IOWA, 1005 Dace St.
SPOKANE, WASH,, 152 So. Monroe St.
SPRINGFIELD, MASS., 46 Hampden St.
SYRACUSE, N. Y., 961 W. Genesee Sr.
TAMPA, FLA., 417 Ellamae St.
TOLEDO, OHIO 812 Lafayette St.
TRENTON. N. ], 245 N. Broad St
TULSA, OKLA 303 East Brady St
UTICA, N. Y., i3 N. Genesee St.
WASHINGTON. D. C., 1216 “K" St..
WATERLOO, IOWA, 328 Jefferson St
@OWICHITA,KANSAS, 233 %o. St. Francis Ave
WILMINGTON, DEL 216 E Second St.
WORCESTER, MASS.. 24 Southbridge St.
YORK, PA., 143 S. George St.
YOUNGSTOWN,OHIO,Moock Elec. Sup. Co

N. w

January, 1937
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