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PHASE COMPARISON CARRIER PILOT RELAY
TYPE EDD12D AND TYPE EDD12E

INTRODUCTION

The Type EDD relay is a phase comparison re-
Eag designed primarily to provide instantaneous
differential protection for transmission lines.

The carrier current relaying system using this
relay, is a differential system comparing the phase
angles of the currents entering and leaving the pro-
tected transmiszion line section. Comparison is
made by means of a carrier current channel,

APPLICATION

These relays are protective devices used to
close trip circuits whenever a predetermined value
of internal fault current is reached on transmission
lines with up to 35 decibels attenuation tothe carrier
current,

Simultanecus tripping at all line terminals is
chtained when the values of the CT secondary cur-
rents exceed those listed in Table IV. Refer to Sec~
tion H3 to determine if tripping requirements are
fulfilled.

When back-up protection is required, supple-
mentary distance and directional ground relaying
must be added.

TWO TERMINAL LINES

Protection is provided for, two-ended transmis-
sion lines, with or without tapped ioads, providing
the conditions described in Section H1 and H32 are
met,

THREE TERMINAL LINES

In some cases this relay may beused for three-
ended lines. The Type EDD relay has two fault de-
tectors to compensate for the possible two-to-one
ratio of fault current magnitude between the ends of
a three-ended line. The necessity of setting the
phase-overcurrent units above full-load current,
plus the two-to-one ratio menticned previously,
raises the minimum tripping level.

GROUND CURRENT EXCITATION

Applications requiring ground current excita-
tions for ground faults on three-ended lines need
special congideration,

The addition of ground current excitations for
two terminal lines is required where the minimum
negative-phase-sequence current for internal ground
fauits ig less than 86 percent of the relay phase-to~
phase trip setting. The method of calculating ground
current tap setfing is deseribed in Section H3.

At

(SECTION A)

For three terminal lines, the addition of ground
excitation requires special consideration.

COMBINED DIRECTIONAL AND PHASE COMPAR-
BON RELAYING

Provisions are incorporated in the phase-com~
parigon relayfor its use withdirectional-comparison
relays. This application s for medium and ionger
length lines, where distance-type relays may beused
to advantage for phase relaying; while, because of
mutual induction with parallel lines, the phase~com-
parison relay will be selected for ground faults,

TELEMETERING-SUPERVISORY CONTROL

As an auxiliary service the phase-comparison
relay may be used for telemetering or supervisory
control,

Telemetering requires an instantaneous signal
alarm (SA) unit as described in Section Gys.

Az RATINGS

A3  Relay

The ratings of the phase-comparison relay are
given in Table L

A4 TARGET-SEAL-IN UNIT

The 2-ampere tap has a d-c resistance of 0.13
ohms and a 60 cycle impedance of 0.53 ohms, while
the 0.2 ampere tap has an 8.5 ohm d-c resistance
and a 52 ohm 60 cycle impedance. The tap setting
used on the seal-in element is determined by the
current drawn by the trip eoil.

TABLE I

PHASE COMPARISON RELAY RATINGS

Phase current circuits,
continuously

Phase current circuitg, 1 sec.

Phase current circuits, max,
RMS phase-ig-phage

Ground current circuit, 1 sec.

Ground current cireuitf,

54, 60 cycles
2004, 60 cycles

5004, 60 cycles
2004, 80 cycles

max. RMS 300X tap setting
¢ control circuif,
continuously 129 (or 258) V.

D-¢ control circuit, max.

{(See Section F) 140 {or 280) V,

be referred to the General Hectric Company.

These instructions do not purpert to cover all details or variations in equipment nor to provide for every possible
contingency to be met in connection with installution, operation or muintenance. Should further information be desired
or should particular problems arise which are not covered sufficiently for the purchoser’s purposes,

the motier should
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The 0.2 ampere tap is for use with trip coils
that operateon currents ranging from 0,2t 2.0 am-
peres at the minimum control voltage. If thistap is
used with trip coils requiring more than 2 amperes
there is a possibility that the 8.5 ohm resistance will
reduce the current to solow a value that the breaker
will not be tripped.

The 2 ampere tap should be used with trip coils
that take 2 amperes or more at minimum control
voltage, provided the tripping current does not ex-
ceed 30 amperes total {two trip circuits)at the max-
imum control voltage. If the tripping current ex-
ceeds 30 amperes, an auxiliary relay should be used,
The connections should be such that the tripping
current does not pass through the contacts or coil
of the target-seal~in element.

TABLE I
SEAL-IN ELEMENT RATING
AMPERES, AC OR DC
FUNCTION 2-Amp Tap 0.2 Amp Tap
{0.13 Ohm) {8.5 Ohm)
Tripping Duty 30 5
Carry Continuously 4 0.4

As  CONTACTS

The current-closing rating of the contacts is 15
amperes for each trip eircuit or 30 amperes total,
for voltages not exceeding 250 volts. After iripping
occurs, the tripping circuit must be opensd by an
auxiliary switch on the circuit breaker or by other
automatic means as the relay contacts are sealed
cloged when tripping current is flowing,

Ag A-C TEST SOURCE

The 15 second rating of the a-c test source ig
6.5 amperes.

A7 BURDENS

The relay burdens are given in Table I,

TABLE I
FAULT CT BURDEN-OHMS
Phase Fault Z RE+j X
Any CT 0.15 /42 811 « § 0.1
Tap .
It. b Z R+jX
crounp |1t BY)
FAULTS 2.0 0.93 /18 1022 5§ 0.07
Burd .
(Bur den 0.67 | 0.33 /36 |0.26 + j 0.20
highest | 047 040 /44 029+ 028
0.33 | 052 /50 | 0.33 + j 0.40
023 | 074 /58 | 0.38 + | 0.63
0.17 | 1,18 /66 | 0.47 + i 1.08

Ag LOADS IMPOSED BY HE LAY

The continuous load imposed by the relayon the
d-¢ gource {128 or 259 volis) is U.8 amperes.

NOTE: This 0.8 ampere does not include
current drawn by the associglted carrier-cury
squipment.

Puring tests and adjustmenis, the Inad imposed
on the a-¢ test sourceczn vary irom 1.8 {0 6.6 amps
at 115 volts, 60 cycles. The actual test value de-
pends on the phase to phase trip seiling. For a nor-
mal setting the test load would be 5.5 amps iny two
ended lines and 8.5 ampe for thres ended linss,

Ag RELAY TRIPPING RANGES AND SETTINGSE

The tripping seitings, excepl for phase-to-gr
tripping with ground-current axcitation, are
uously adjustable within fhe iimite spect
Table IV. The relayis normally sst for values listed
in the "FACTORY " column.

TABLE IV
Type of Faull Current Transformer Becondary
Amperss For Trinping
2 Terminal 3 Terminal
Operation Operation
Min, [Factory | Max.| Min, [Max,
3 @irip 533 | BO EE D T A L
@ FD, PO 4.0 8.4 i3 ERY g
@~ Trip 2.0 3.0 & 4.0 £
D GTrip 4.9 6.0 12 g0 1%
, =fey £
@-G Trip with 0.33-1 6.5~ 1.0~ gifff?ﬁ
Ground Excitz- | L32 | 2.0 4.0 Cifice
tion ¥ T
Load 2.2 5 ER 5

¥*OT gecondary amperes, with single-end feed and
ne grounding transiormer on same side of relay as
the fault,

If settings beyond those given in Table IV are
required, reler to the General Blecivic Company.

Phase-to~Phase Faulls

The trip settings are obtained by adiugiment of
rheostats FD-L (R206-R210 gangediand FI-H ALY
as outlined in Sections Fa0 and Egi. FD-H is nore
mally get 50 percent higher than FD-L 1o nrovide

a safety margin between blocking and tripping,

Three Phasge Faulis

The trip sefiings are ocbtalned by adiugtiment of
the phase fault deteciors ¥i-i o FDr3, setwork
registor R202 and FD-H rheostat H231.
correct operation, the ra betwesn p
Fr-1 to FD-3 and PD-H must be kepl @
2 terming! lines and 3 to & for 3 terminal }
three phase trip setting will norm bw
mately 2.7 timeg the average phase~io-}
setting., Adiustmenis are deseribed in Bection .
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Phase-to-Ground Faults

Tripping settings are adjusted by the selection
of taps on the ground current winding of transactor
Tgoa. The tap setting selected depends on the ma.%~
nitude of the negative sequence current available
during internal ground faults as described in Section
H4. When ground-~current excitation is not neede
K = 2 (refer to Section Hg - Par.11). The producto
K times @-to-@ trip setting equals the @-G trip

setting, When ground excitation is required the
magnitude of K can vary from 0.17 to 0.67 (refer to
Section Hg - Par. 17).

Phage Shifter Range

The phase-shifter settings are adjustable from
0to 24 degrees. The extreme counterclockwise po-
sition of the rheostat R253 is the zero degree get-
ting. The switch clicks off in this position,

RECEIVING, HANDLING AND STORAGE (SECTION B)

These relays, when not included as a partof a
control panel will be shipped in cartons designed to
protect them against damage, Immediately upon re-
celpt of a relay, examine it for any damage sustained
in transit. I injury or damage resulting from rough
handling is evident, file a damage claim at once with
the transportation company and promptly notify the
nearest General Electric Apparatus Saleg Office,

Reasonable care should be exercised in un-

the relay in order that none of the parts are

pac
or the adjustments disturbed.

injure

If the relays are not tobe installedimmediately,
they should be stored in their original cartons in a
place that is free from moisture, dust and metallic
chips. Foreign matter collected on the outside of
the case may find its way inside when the cover is
removed and cauge trouble in the operation of the
relay.

CARRIER & A-C
TEST SWITCHES

TESY RESISTORS

TEST TAP
SWITCH

TEST
RHEOSTAT

==

INDICATING
LAMPS

Fig. 3

DESCRIPTION

The relay consists of a network unit, tripping
unit, two test switches (RTS and CTS), d-c test
equipment, and a-c {est equipment. The network
unit, Fig. 1, contains, in an L2 case, a negative-
phase-sequence network, three phase-overcurrent
relays, a voltape amplifier, and fault detectors,
low (L) and high (H). A heaier resistor (R231) is
mounted externally. The tripping umit, Fig. 2, con-
tains, in a special L2 case of 23 studs, a power am-
plifier, RC phase shifter, and five telephone-relay

A-C
VOLTMETER MILLIAMMETER

D-C D-¢ TEST TELEPHONE TEST CORD
JACK JACK

EDD Equipment For Panel Mounting

(SECTION C)

elements identified as FD~L, FD-H, T, RB and SA.
The d-c¢ test equipment, Fig, 3 is composed of a
d-c milllammeterand a felephone jack mounted with
agsoclated parts. The a-c test equipment, Fig, 3,
consgists of two tapped resistors, a tap switch, rheo-
stat, relay test switch, voltmeter, and an amber
indicating lamp. Also included are a carrier test
switch and a white indicating lamp. External resigtor
R231 i3 not shown in Fig, 3.
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RELAY TYPES

The Type EDDI2D relay, Figs. 1 and 2, is ar~
ranged for panel mounting. Additional auxiliary
equipment furnished with the units is also shown in
Fig. 3.

The Type EDDI2E relay is similar to the Type
EDDI2D, except it is assembled in a subpanel for
mounting in a carrier-current transmitter-receiver
cabinet, In addition, a carrier test switch, a tele~
phone jack, milliammeter, indicating lamp, and cord
and plug are provided for mounting on the cabinet
door, The sdbpanel agssembly is shown on the cover.

Ca CASE

The 12 case ig suitable for either surface or
gsemiflugh panel mounting, and an assortment of
hardware is provided for either mounting. The cover
attaches to the case and also carries the reset
mechanism when one is required. Each cover screw
has provision for a sealing wire.

The case has studs or screw connections at both
ends for the external connections. The electrical
connections between the relay units and the case
studs are madethrough spring backed contact fingers
mounted in stationary molded inner andouter blocks
between which nests a removable connecting plug
which completes the circuits, The ocuter blocks,
attached to the case, have the studs for the external
connections, and the inner blocks have the terminals
for the internal connections.

Ci

The relay unit mechanigms are mounted in a
steel framework called the cradie and is a compiete

INSTALLATION
LOCATION

The location should be clean and dry, free from
dust and excessive vibration, and well lighted to
facilitate ingpection and testing,

D2 BMOUNTING

The relay should be mounted on a vertical sur-
face., Refer to Table IV A for outline and panel
drilling figures.

D3

D1

CORMECTIONS

Figures for internal compnections and external
panel connections are listed in Table IV A,

Check external connections carefully for all
externally mounted resistors such ags R214 and R231.

One of the mounting studs or screwsg should be
permanently grounded by a conductor not less than
No. 12B &5 gage copper wire or its equivalent.

The d-c supply consists of two sources which
are arbitrarily designated "carrier d-c"and "switch~
gear d-¢”. Thege two circuits are kept separate in
order to minimize the amount of eguipment connected
through the trip-circuit fuses, and to maintain cor-
rect polarity on the electronic cireunits whileaccom-
odating the polarity of existing trip circuits,

i2

unit with all leads being terminated at the imner
block, This cradle ig held firmly in the case with a
latch at the top and the bottom and by a2 guide pin at
the back of the case. The case and ¢radle are go
constructed that the relay cannot be ingerted in the
case upside down, The connecting plug, besides
making the electrical connections between the re-
gpective blocks of the cradle and case, also locks
the latch in place. The cover, which is fastened to
the case by thumbscrews, holds the connecting plug
in place.

To draw out the relay unit the cover ig first
removed, and the plug drawn out, Bhorting bars are
provided inthe case toshort the current transformer
secondary circuits before they are opened. The
latches are then released, and the relay wit can be
easily drawn out, To replace the relay undt, ths
reverse order is followed,

A geparate testing plug can be inserted in place
of the connecting plug to test the relay in place on
the panel either {rom its own source of current and
voltage, or from other sources, The relay unit can
algo be drawn out and replaced by ancther which has
been tested in the laboratory,

Ca SEAL-IN UNIT

The seal-in unit is connected to pick up whenthe
FD-H and TR units operate. When picked up, itz
contacts seal~in across the normally open contacis
of FD-H and TR insuring positive tripping action,
The seal-in units’ target is exposed and latched up
when a trip operation has been initiated and iz re-
leased by pressing the reset button beneath the lowsar
left corner of the tripping unit.

(SECTION B)

The signal-alarm cirecuit should be fused sepa-
rately from the “carrier d-c" supply, as one of the
functions of this circuit is to detect the loss of the
Ycarrier d-¢’ supply. The white indicating lamp
when lit should indicate that the "SA" telaephone relay
has dropped out,

TABLE IV A
Caatline and Panel Drilling Fig,

Network Dnit 23
Tripping Unit 22
Subpanel Assembly g 24
Relay Test Switch 25
Carrier Test Switch 25
Test Resistor 28
Indicating Lam 37
Milliammeter {i /8-1/4 inch panel) 27
Milliammeter {1/4-2 inch panel) 28
'Voltmeter 21 /8-1/4 inch panel) 29
Voltmeter (1/4~2 inch panel) 30
D.C. Test Jack 31
Telephone Jack iz
Test Rheogtat 23
Test Tap Switch 34
Resistor (250 Volt D.C. Relavs) 2 Unit 35
Resistor {250 Voit D.C. Relays and R231}

Single Unit a8

{Cont'd. on page 13)
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TABLE IV A (Cont'd.)

Internal Connections Fig,
Tripping Unit 4
Network Unit 5
Subpanel - Type EDDI12ZE 8
External Connectiong
Type EDDIZD - Panel Mounted 7
Elementary For Phase Comparison Pilot Relaying]| 16

INSTALLATION TEST AND ADJUSTMENTS

The following has been puf in an abbreviated
form tofacilitate its use. For a detailed explanation
of the relay operation, see PRINCIPLES OF OPER-
ATION (SECTION G). Refer to "Relay Settings" (Sec~
tion H) for limiting conditions and a method for cal~
culating the ground current tap setting.

NOTE: Tests are for two~terminal lines using fac-
tory settings given in Table IV. All other numerical
values given approximate original factory setiings.

1. Make all tests on the transmitier-receiver unit
insofar ag possible.

2. Perform the following tests, SECTIONS E1 to

E12, to insure correct connections and to ad-
just the equipment for a specific installation.

3. When final adjustments have been made on both
transmitter-receivers, perform tests, SEC-
TIONS E13 to En3,

4. Performtests, SECTIONS E24 to Eag if desired,
or if there is reason to suspect that factory
settings have been changed,

NOTE: Disconnect the trip wires from terminals
11T and 12T of the tripping unit.

1 D-C POLARITY (CHECK)
1. Cabinet mounting terminals K14 (+) and K3 (-}

2. ggrneé inmmting - tripping unit studs 14T (4} and

E2 TARGET TAP (S8ET)

TRIP COIL CURRENT
(MIN. CONTROL VOLTAGE) | AP SETTING
0.2 to 2 amp. 0.2
2 to 30 amp. 2

CAUTION: Tightena screw in the desired tap before
removing the serew from the other tap. Spare
serews may be obtained from the lefi-hand station~
ary contact,

E3 TRIP CIRCUIT {CHECK)

1. Turn RTS (Relay Test Switch)to "NOR" position.
For cabinet mounted equipment, momentarily

The a-c voltages, which supply currents for the
a-¢ test equipment, must be in phase with each other
at the two ends of the line with one side grounded as
indicated in the elementary diagram, Fig. 16.

The CT circuits must be connected to the relay
with phase sequence 1-2-3 as shown in Fig, 10, and
phase 1 must be the same conductor at both ends of
the line.

(SECTION E)

jumper terminals J7 and J9, then J7 and Ji0,
Battery voltage should appear across terminals
J8 and J9, then J8 and J10, respectively,
{Breaker should trip, if trip coil is connected to
J9 or J10). For panel mounted relay,, jumper
terminals 1T and 11T, then IT and 12T on the
tripping unit. Voltage should appear across 11T
ang 20T, then 127 and 20T,

2. Simultaneously, manually operate the FD~H and
TR units and observe the same resulty,

E4 ALARM CIRCUIT (CHECK)

1. Turn relay test switch to "TCO" position at both
ends of the line,

2. Remove carrier fuses, then see that contacts of
the signal alarm element (SA) ring the proper
alarm. The white indicating lamp should light,
Replace carrier fuses,

3. U desired, disconnect alarm leads at the relay
for remainder of instaliation tests,

Esg TEST SQURCE CURRENT (SET)
Ee¢ Type EDDI2D Relay {Panel Mounted)

1. Place an external ammeter in series with the
a-c test source,

2. Turn the test switch to the “CGUT position,
Holding the voltmeter at 100 volts by means of
the tap switch (8-203) and the rheostat {R~218),
adjust the lower fap connection of R-204 to gh-
tain the desired FD-L test setting.

To insure positive pickup thizs value should be
a little greater than the FD-L, pickup setting for
phase-to~phase faulte. The test current range
of adjustment is 1.8 to 6.5 amps. If the desired
FD-L pickup is 2 amps, get the test value be-
tween 2.3 and 2.4 ampz *

3. Turn the relay test switch to the "IN position,
Holding the volimeter at 100 volts by means of
the tap switeh and rheosta , adjust the upper tap
connection of R-204 (see Fig. 8) to obtain the
desired FD-H test setting. If the FD-H trip
setting is 3 amps set the test value between
3.4 and 3.5 amips **

4. Return the switch to the "OFF position,

* Bame valueg for three-terminal lines.
*x g;f to 6.5 for 6 amp pickupon three~terminal
es.,

13
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CAUTION: HELAY TEST S#1T0H umysT
HOT  BE TURKTD T0 "NORMAL"
FOSITION WHEN THIS CONNECT:OW
IS USED,

BOTYOM TEST PLUG

x _;’1{\.'5
115 ¥. e

g oyl

FAULT DETECTOR PiOH~UP, PHASE-TO-PHASE TR1P BOINT,
PICK-UP AND DRGP-QUT PHASE FAULT DETECTORS NETRORK
URIT | -B4LE008,

A:j ¥

GUTER CIRCLES REFRESENT STUD COHRECTIOKS [RED}
INNER CIRCLES REPRESENT RELAY CONNECTIONS !BLALK]
WAKE CONRECTIONS ENCLOSED N DOTTED BLOCKS OMLY,
FOR EACH CASE.

Fig. 8 Drawout Test Plug Connections For

fhase-To-Phase Pick-Up Check

Eq7 Type EDDI2B Relay (Sub-panel Mounted)

The a-c network unit inthis relay has beenpre-
adjusted at the factory to draw the same current as
the Type EDDI12D relay when the voltmeter is set at
100 voits by means of the tap switch and rheostat as
outlined for the Type EDDI2D relay.

Thefactory adjustment is for two-terminal lines
with an FD~1 setting of 2 amps and FD-H setting of
3 amps,

PHASE-FAULT DETECTOR (SET FD"1 TO
FD~ - :

Eg

1.  Turn relay test switch to "OFF" position at both
ends of line,

2. Insert drawout test plug, connected as shown in
Fig. B, in the bottom of the network unit.

3. Apply current between terminals 5 and 9 on re-
lay side of test plug.

The ratio of pickup of the phase fault detectors
to the FD-H setting for 3 phase faults is 3 to 4.
Therefore, all three fault detectors should be
picked up at approximately .75 times the ¥D-H
setting and dropped out at approximately .9 times
their pickup setting. Factory setiings are 6.3
amperes pickup and 5.7 amperes dropout, The
dropout value is not adjustable,

4. Pick-up adjustment may be made by turning the

18
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&

DPLY.

R
N
0

Eg
1.

BOTTOM TEST PLUG
EVERSED PHASE SEQUENCE TEST
ETWORK UNIT L-£4i8G98

UTER CIRCLES REPRESENT STUC CONNECTIOKRS
(RED}

MNER CIRCLES REPRESENT RELAY CONNECTIONS
CK}

{GLA

Fig. 8 Drawout Test Connections

knurled armature A shown in Fig. 1.

If any contact adjustment seems advisable, it
should be made inaccordance with SECTION Jg.

Return test swifches to "NORMAL" position.
CT CONNECTIONS (CHECK)

This check requires line current. H the line is
not in service, or if the load current is toosmall,
it is sometimes possible to apply a three-phage
short circuit at one end of the line and then build
up ti:i machine at the other end to full load cur-
rent.

THE SUMOF THE CT SECONDARY CURRENTS
MUST ADD UP TO ZERO. The secondary cur-
rents of each phase at both ends must also be
equal if the correct taps of the CT's have been
connected. This may be checked by placing an
ammeter in series with each phase and noting if
the currents are equal, Placing the ammeter in
the neutral should show no current flows, The
ammeter may be connected from line side to
relay sideof a drawout test plug whichmay then
be inserted in the bottom of the network unit,
The three phases are terminals 5, 7, and 9, and
the neutral is terminal 2, All terminals must
be connected from line side to relay side.

The current must have the phase sequence
shown by Fig. 10, Apply an a-c¢ voltmeter of
1000 ohms per volt across the tripping unit

g,

{k-6556528)

Fig. 8

(K-6556528)

o
»
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terminals 3T and 207, or cabinet terminals K3
and J11, If the phase sequence ig jncorrect and
sufficient current flows to pickup FD-L, the
voltage reading will be approximately 120 volts,
With correct phase sequence and the same line
current flowing, the voitage reading should be
18 volts or less. Check the results again by
applying reverse-phase-gequence currents by
means of a drawout test plug connected as shown
in Fig. 8, inserted in the bottom of the network
unit. H connections are nol correct, correct
them at network unit terminals 3N, 5N, TN, and
9N for panel mounted relays, or terminals J 1,
J2, J3, and J4 in cabinet mounted equipment.

E10 HEATER ADJUSTMENTS, NETWORK UNIT

(SET}

Plug the test cord into the milliammeter jack
and info the network unit jack. Turn selecior
switch in the unit to "HEATER",

Remove the coverplate irom R-230 then move
slider of R-230 to give 552 to 562 milliamperes
with 129 (or 258) volts on the battery. With
250 volt equipment, adjust the external cage
type resistor 2144 to give 128-130 volts across
stud 14T and stud 207 of the tripping unit. Make
these two adjustments alternately until both
current and voltage are correet. Check R231
external connections if heater current is too high.

?EA’%‘ER ADIUSTMENTS, TRIPPING UNIT
SET

Plug the test cord into the milliammeter jack
and into the tripping unit jack. Turn the selec-
tor switch in the tripping unit to "HEATER" and
adjust the slider on R-232 until the current
reads 1/2 of the value read on the network unit
heater. This value should be from 278 to 281
milliamperes, It may be necessary to repeat
the adjustment under SECTION K10 and then
SECTION E11 to obtain the correct values of
heater current in both the network unit and
tripping unit,

E12 POWER AMPLIFIER PLATE CURRENT

(CHECK)

Plug the test cord into the milliammeter and
tripping unit. Turn the selector switch to V-203.
No signal current should be supplied to the
network unit.

The milliammeter should read %5 to 50 milli~
amperes when FD-L is picked up by hand at 129
volts d-c bus potential,

Repeat for V-204 and record both readings for
future comparison.

E13 SIGNAL ALARM AND COMPARER PLATE

CURRENT (SET)

All installation tegts and adjustments on both

carrier transmifters should be completed before

proceeding with the following tests,

10,
i1,

E14

E1xy
1.

Close grounding switeh on earrier transmitter,
Adjust battery voltage within 2 percent normal,

Set carrier fest switch to "RECEIVE” and relay
test switeh to "OFF position,

Plug test cord into milliammeter and trippin
unit and set selector switch to 'Signal Alarm’,
The following adjustments are made on the
Transmitter-Receiver,

Set 510 to its left-hand position,
Adjust R4AT fully counterclockwise,

Adjust R38 until gignal alarm current is just
below 0.5 milliamperes,

Set 810 to right~hand position,

Ture B4T fully clockwise and then adjust coun-
ter-clockwise until a point is found where gig~
nal-alarm current just begins to drop.

Open grounding switch on carrier transmitter,

An increase of comparer tube current to a value
between § and 6 milliamperes may be achieved
by a slight adjustment of R38 when the two relay
terminalg are in a simualated trip condition,
When the relays are operated to produce a
blocking signal a reduction of signal alarm cur-
rent to less than 0.5 milliampere on receipt of
steady carrier must be maintained by readjust-
ment of R47, if necessary,

SIGNAL ALARM CURRENT (CHECK)

Turn local carrier test switch to "SENDY and
relay test switch to "OFFY,

Plug test cord into milliammeter ang tripping
unit and set selector switch to'SICGNAL ALARM"

Milliammeter reading should be 0.5 milli-
ampere, or less,

Turn local carrier test switeh tO"RECEIVE and
have remote carrier test switeh set on WEND,

Milliammeter shouid read 0.5 milliampere, or
less,

RESERVE SIGNAL (SET)

Have both relay test switches in the "OFF" or
"NORMAL" position,

Have remote carrier test switeh turned to
"SENDY,

Perform the following operations on the {rans-~
mitter-receiver unit: Depress button §-11 for
turn local ecarrier test switeh to "TEST™ and
adjust R29 to give a current of 1 to 3 milli-
amperes, measured at the signal alarm current
jack {(J12). Record the current reading and re-
sistor setting for future comparison.
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Nate that this ssetting should be made only when
transmission conditions are normal. Current
will increase as transmission efficiency is de-
ereased by such things as sleet,

E;g PHASING OF TEST SOURCES /CHECK)

1.

I a cathode ray oscillogcope is available, con-
nect its vertical input between the ground and
line terminal of the transmitter receiver.

Turn relay test switches at both ends of the line
to "IN, Oscillosecope should indicate approxi-
mately O degree phase displacement between the
local and remote signals. Refer to oscilioscope
pattern #1,

Turn relay fest switch at one end of line to
"OUT"Y, other end to "IN". OQOscilloscope should
indicate approximately 180 degrees displace-
ment. Refer to oscillogscope pattern #2.

If oscilloscope patterns are considerably dif-
ferent from 0 and 180 degrees, the voltages af
the two ends are from different phases. In this
cage, substitute either of the other iwo phases
of the a~c test source at one end of the line at
terminals M5 and M8, Repeat phasing tests.
Refer to oscilloscope patterns #3 and #4.

I oscilloscope is not available, plug the test
zord into the milliammeter and tripping unit,
and furn switeh to "COMPARER",

Milliammeter should read approxzimately 6 mil-
Hamperes with the relay test switches in like

E{y PHASE SHIFTER (SET)

NOTE: For lines of length up to 50 miles the

phage shifter may be set at 0 degrees (extreme
counterclockwise rotation).

1.

20

Determine degrees of lag of carrier-current
gignal due to the time of propagation from one
line end to the other. The approximate lag per
100 miles of open line is 14 degrees,

Turn both relay test switches to "IN".

Turn phase shifter to 0 degree phase shift {ex-
treme counferclockwise position).

Use calibrated phase shifter to supply a signal
of about 125 V. a-c between P9 and P10, or
AlGand All, after first blockingthe "a" contacts
of FD-H open.

Adjust the shop calibrated phase shifter for
minimum comparer plate current.

From the point found in 5, turn the shop phase
ghifter, In a lagging direction, the number of
deprees calculated in 1.

Adjust phase shifier of tripping unit for mini-
mum comparer tube plate corrent. Lock phage
shiffer contrel in place by mesns of the Jocking
nut, '

7 ™
b B ] 7 g
plole
& :

# 8" 10
. € /

BOTTOM YEST PLUG
FHASE ¢+ CURRERNT OnLY
HETWORK UNIT L-BH 18096

Drawout Test Plug Connections For
Phase One Current Only

Fig. 12

positions, or 0 to 0.5 milliamperes when the
switches are in opposite pogitions.

if the difference between the two readings is
lesz than 4 milliamperes, the test voltages, at
the two ends are from different phases. In this
case, proceed ag indicated in 4 above.

Eig COMPARER PLATE CURRENT {CHECK)

1.

Record the eomparer plate current with the re~
lay test switches at the two ends of the line in
the same pogition {TN"or "OUT") {Approximately
8 ma. Bee SECTION Ki7-6.)

Repeat with the switches in opposite posifions
(Oto 0.5 ma.},

Repeat with the local relay test switch on "INY
and the remote relay test switch on "OFF". The
plate current should be approximately 6 miili-
amperes,

NOTE: Comparer-plate current will vary with

power transfer on a long line. For this reason, it
iz advisable to graph comparer-plate corrent under
various kilowatt loads and use this graph whenever
checks are made on comparer-plate current,

Eig CT PHASE AND POLARTTY (CHECK)

1.

CURRENT IDENTIFIED AS PHASE 1 MUST
COME FROM THE ENDS OF THE SAME PHARE
WIRE, AND ITS POLARITY MUST BE THE
SAMEWITHRESPECT TOEACH STATION BUS.

Insert a drawout test plug, connected as shown
in Fig. 12, in the bottom of the network unit af
edch end of the line,

If a cathode ray osciliogcope is avallable, con-
nect ils vertical input between ground and the

(K-6556528]
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Fig. i2
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Oscilloscope Pattern §|

Oscilloscope Pattern £| Local And R_mtn Signals |In-Phase

&

Oscilloscope pattern

Osciiloscops Pattern #2 Local Signal ‘Leading Remote Signal By g0°
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0scilloscope Patters #3  Local Signal Lagging Remote Signal 9y 120°

Oscilloscope Pattern §#4 Local Signal Leading Remote Signal By 60°
22
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803

Drawout Test Plug Connections For
Phase-To-Phase Pickup

Fig, 13

line terminal of the transmitter receiver., A
phase displacement of nearly 180 degrees should
be indicated between transmitted and received
signals. Current flowing in one end of the line
is flowing out af the other end. Refer to oscil-
loscope pattern #2,

If sufficient current is not available to pick up
the FD-L element, which initiates sending of
the blocking signal, it will be necessary to in-
troduce additional current by using the ground
current transformer T202, The connections
shown in Fig. 12 make it possible to increase
the current tothe negative-phase-sequence net-
work by using the lower taps of T202, The
selected tap should provide sufficient additional
current to pick up FD-L, Replace taps toproper
settings after the test is completed,

I an oscilloscope is not available conneet a
phase angle meter to indicate the angle between
phase 1 current {at the test plug) and the test
source voltage., (This implies completion of
tests in SECTION E17 at both ends of the line).
The same test with the same meter connections
at the other end of the line should indicate an
angle differing by 180 degrees.

If thias test indicates a displacemeni at the two
ends of 80 or 300 degrees, it will be necessary
to give the three CT leads on one relay a bar-
rel-roll forward or backward, maintaining the
same sequence that hag already been determined
to be correct in Section E9. I a displacement
of § degrees is indicated, it will be necesgary
to reverse the secondary connections to each of
the three CT's al one end of the line. I the
displacement is 120 or 240 degrees, it will be
necessary to make both of the above changes.

E20 PHASE-TO-PHASE BLOCKING POINT (SET)

E21

o
N

(FD-L)

Turn relay test switches at both ends of the
line to "OFF". Plug the test cord into the milli~
ammeter and network unit, and switch to Fault
Detector-Low (FD-LJ.

Insert a drawout test plug, connected as shown
in Fig. 13, in the bottom of the network unit,
Turn the local relay test switch to "IN, Gradu-
ally decrease the test resigtance and note the
current at which FD-L picks up. This should
be between 1.9 and 2.1 amperes if the factory
adjustment has not been changed,

If the pick-up current is incorrect or a different
value is required, adjust the ¥D-L rheostat
R-209 and R~210. The FD-L pickup should be
2/3 of FD~H pickup current toprovide a definite
margin between blocking and tripping.

Record the pick-up current and FD-I. plate
current,

PHASE-TO-PHASE TRIP POINT (SET) (FD-H)

Turn the local relay test switeh to the position
"IN". Record the tripping unit output voltage
across terminals K3 and J11 or studs 37 and
20T of the tripping unit. This voltage will be
approximately 130 volts R. M. 8. when the a~¢
test current is 3.5A and FD-L is picked up.

Remove the lead from 16T or the lead from s
going to the carrier set and measure the open
circuit, tripping voltage across terminals Ki0-
K11 or 10T-16T using an a-c volimeter of a
1000 ohms per volt or more. Normal readings
(I=3.5A)are 250 V. R. M. S. with R253 in the
maximum counferclockwise position and 140 to
150 V., R. M. S.when the phase shifting rheosiat
R253 is in the maximum clockwise position.

Insert a drawout test plug, connected as shown
in Fig. 13, in the bottom network unit, Turn the
local test to "IN, Gradually decrease the test
registance and note the current at which the
amber test lamp lights, This should be between
2.8 and 3.1 amperes or 93 and 103 percent of
the desired phase-to~phase fault current setliing,

If the pickup current is incorrect, adjust the
FD-H rheostat, R-221.

Record the pick-up current and the FI)-H plate
current,

E22 GROUND CURRENT PICKUP 8ET)

1.

Calculate the tap sefting required as outlined
in BECTION H3,

Turn relay fest switch at both ends of line to

"OFF", then make proper tap selting in the
network unit,
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CAUTION: RELAY TEST SWITCH
MUST NOT BE TURNED TG
"HORMAL™ POSITION WHEN
THIS CONNECTION IS USED.

BOTTOM TEST PLUG

wwwwwwwwwwwww -
| ELEMENTARY | 5

|

CONNECTIONS

e

PHASE TO GROUND PICK-UP NETWORK UNIT L-6418096

OUTER CIRCLES REPRESENT STUD CONNECTIONS (RED)
INNER CIRCLES REPRESENT RELAY CONNECTIONS (BLACK)

Fig. I4

OUTPUT VOLTAGE AND SIGNAL STRENGTH
- (RECORD)

Turn the local relay test switeh to "IN', Record
the trig;g%ng unit output voltage (K3 to J11 or
studs to 3T of the tripping unit) and the
tripping voltage (K10 to K11 or studs 107 to
167), using an a-c voltmeter of 1000 chms per
volt or more.

Record the d~c amplifier plate current (meas-~
ured at J8 for V10) with the remote relay test
switeh on "IN and the local relay test gwitch on
"NWORMAL". This plate current in miecroam-
peres, multiplied by (.68 is the blocking voltage
on the comparer control grid, Record also the
R¥ current at the remote station,

3.

Drawout Test Pleg Connections For Phase-~To-Ground Pickup Check

Turn both relay test switches to 'NORMAL'.
Record the signal voltage, (as in 2 above) first
while pushing thelocal button 'S11" in thetrans-
mitter, then while the remote button "Si1" is
depregsed.

Eg4 TRANSIENT BLOCKING; RB (CHECK)

Set up the following conditions:

Relay test switches at both ends of the line in
the "OF¥F' position,

Seal-in unit of tripping unit set on 0.2 ampers
tap (temporarily]. See SECTION E2 for pro-
cedure,

(K-65565%28)

4

Fig,
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i, 25 watt incandescent lamp (emporarily) across
studs 27 and 11T of the tripping unit,

4. Maximum d-c control voltage (temporarily).

Then turn the relay test switch to the "IN po-
sttion =0 that ¥FD~H picks up, and see that RB has
sufficiant delay so that it does not open its contacts
before T picks up., ¥ the proper time relation
exiziz the seal-in unit 81 will pick up and seal in
apparently instantaneocusly, and the incandescent
lamp will lght, I the relay requires adjustment,
refer to SECTION J14 of this book,

Egs CROUND-CURRENT PICKUP (CHECK)

With the relay test switches in the "OFF po-
sition apply 60 cycle current the network unit
through a drawout test plug connected according io
Fig, 14, and see that the relay marked FD-H in the
tripping unit picks up at a current equal to or less
than the chosen tap value times FD-H pickup. Phage
2 gives the highest pickup, therefore no check is
necessary on phases @ or 3. Tap values are multi~
pliers of the FI3-H relay element pick-up setting.

Ez28 NETWORK BALANCE (CHECK)

With the relay test gwitches at both ends of the
ine in the "OFF" position, and with the milliammeter
gwitches to "FD-H", apply 60 cycle test current to
the network wnit with connections as shown in Pig, 8;
and gee that the relay marked FD-H in the tripping
unit is picked up at 1,05 times phase~to-phase pick-
up seiting increasing from zero, and dropped cut ut
0.8 times phase-to-phase pick-up setting, Normal
values are 2.5 and 3.2 amps respectively, Pickup is
the current at which the tripping unit lights the amn-
ber lamp,

Thisg trip point should be checked with each of
the three drawout plug connections indicated on
Fig. 8. Al three ghould be within 10 percent of the
highest values. If the difference is excessive, the
network should be rebalanced in accordance with
SECTION J2 and the three trip poinis should be
checked again,

Ez7 THREE-PHASE TRIP POINT (CHECK)

The three-phase trip point may be checked by
means of a balanced (+ 2V ) external three-phase
test gource and two load boxes, with the relay test
switches in the "OFFY pogition at both ends of the
line, Two ammeters (10 or 15 A scale) are also
necessury, rather than one, unless the voltage of
the test source is steady. Fig. 15 shows the proper
connections, including the drawout test plug of the
network unit,

The test connection in effect produces a cur-
rent (i1} through T202 winding 12-13 which leads
the current (I2) through T201 winding 5-6 by 120 de~
grees,

Since the operation of the relay depends on the
phage seguence, the test results will be correct only
if the connections between the test source and the
réiay are such ag toprovided proper phase seguence

B-FHAGE TESY BOUACE. TESIRED PUHALE
SEQUENCE 1-2-3
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P TG "HOREMaAL®R
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YEED .

N A e 8 B

BOTTOHM TEST PLUG

Fig. I5 Drawout Test Connsctions For
Three-Phase Trip Point Check

at the relay. To check this, set both currents alike
at 4 to § amperes and read the current in the FD-H,
first with the connections as originally made, and
again with one pair of leads reversed at the tast
source,. Use whichever connection gives zero on the
milliammeter.

If two ammeters are being used open phase 2.
Set I1 at 7.5 amps or 0.95 times the desired 3 phase
trip point, and read 12. Compare the reading 12
with the reading I, to determine how much to add
or to subtract from any reading of I3 in that range
in order to reduce it to the same basis as 1.

Bleck open all three normally closed contacts
of FD-1, FD-2, and FD-3 in gome way which will
not allow them to come unblocked when they are
energized with current above their pick-up setting,

After checking the phase seguence and the am-
meter calibrations, and blocking the phase fault
detector contacts open, set 11 at the trisl value of
7.5 amperes or .95 times the three-phase trip point.
The amber light going on or off during these adjust-
ments does not indicate the three-phase trip point,
but it should be off when the .95 and .50 times
3 phase pickup values have been obtained. Inersage
I3 until the amber lamp lights and apply the cor-
rection found with phase 2 open fo reduce it to the
same basis as 1. Then average the corrected value
with the original trial value of I1 (.95 X pujio obiain
a new trial value,
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Reset 11 to this new frial value, increase 13
from 5 amperes unti! iripping ccours.  Apply the
eorrection, and average the new corrected value of
I with the present value of 11, to obtain a new trial
vakue of 11,

Hepeat the process until the correct value of
Iy eguais the latest trial value of I within 0,1 am-
pere. This is the positive-phase-sequence plck~up,
or the threc-phase trip point, snd sheouldnor-

PPERATING C
POWER SUPPLY

it iz expected that the novmal voltare of 2 80-
cell or 1Z0-cell battery will be 129 or 258 volts,
with a normal variation of plus or minug § percent,
On overcharge periods, the voltage may rise to 140
or 280 volts: and occasionally on heavy isads, It
muy fall to 100 or 200 yolfs for one or two seconds,
This latter condition is satisfaciory for the operation
of the tube heatsrs, which have suflicient thermal
storage to operate for 2 fow seconds at full outpd,
During the overcharge or "equalization' period, the
tube heaters will be operating slightly above normal
current, which will redusce their life ¥f continuved
over long periods., R is recommended that the
maximum Dattery voltage on overcharge pericds be
limited to 140 or 280 volis,

TEMPERATURE

This eguipment is desigoed for operation in
rrabient femperatures of ~200 to 400,

Fq

Temperastures above 400 may accelerate the
formation of a cloudy deposit on the cover, contacts
and Dearings. This comes prineipally from the
insulating materials, but does not indicate any
gsignificant dsterioration of these materiais. The
deposits may be washed off the cover with soap and
water. The rate of formation of the deposit will
decrease as the volatile elements are driven off,

PRINCIPLES OF
OPERATING PRINCIPLE

All zarrier-pilot relaying systems wiilize the
carrier channel to frangmit information from one
end of the Une (o the other., This fransmilfed data
iy fed to a meamuring olement 3t sach end which
compares the corresponding condifions at the two
ends. Hes Flgs, 18 and 19,

G1

In divectional-comparison carrier-pliot re-
inying, the conditions compared ave ihe coniset po-
sitions of divectional relays. In phase-comparison
carrvier-plict relaying, the conditions compared are
the phase positions of two compogite voltages, each
derived from the three line currenis at ite end of
the line. I these {wo composite voltages are In
phage, the two comparisons performed simulizne-
cuely at the two line ends indicate an internal fault,
Tripping then soours at both ends simulfansously,
aggundng currents grester than FO-H pick-up value

HTIONS

ERATION

mally be between 2.6 and 2.8 times the average
phase-to-phase piskup current value, ¥ adiustment
iz required, see SECTION J§7 of this book,

K28 THREE-PHASE LOAD (CHECK;

With g three-phase balanced load on the line, of
ghout the maximum value, the current read with the
aelector gwitch in the "FI-H" position iz zerg,

(SECTION F)
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(SECTION @

are flowing into both ends. If the two composite vol-
tages are 180 degrees different in phase, the com~
parisons performed at the two ends during alternate
half eyeles both indicate an externs! fault, Then
tripping, which the relays would perform in the
abgence of a signal for comparison, iz blocked,

The phase comparisons are performed by
placing the local and received voltages on the screen
grid and control grid respectively of a vacuum tube
called the COMPARER. When the local voltage
swings the screen grid positive, the tube will con-
duct plate current and cause tripping, unless it is
blocked by the presence of a received negative vol-
tage on the control grid during the same half cycle
of time. Since lack of a signal from the remote
terminal permits tripping, correct operation frip-
ping} is also obtained for an internal fault fed from
one end only,
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Cost prevents the use of more than one carrier
channel for relaving a given line. No single direc~
tional relay is known which will respondcorrectly to
all conditions of phase and ground faults in the pres-
ence of loadeurrents. In the directional-comparison
gsystems, it has been necessary to derive a single
directional indication at each terminal by combining
the directional indications for phase andground faults
or to give one of these precedence over the other.

Similarly, in phase-comparison relaying, cost
prevents the use of three separate relay units and
earrier channels for the three-phase conductors.
Because of this, the currents of the three phases are
combined in a network designed to produce an outpd
voltage for comparison for any type of fault. In
order to permit good sensitivity on phase-to-phase
faults, the network chosen is 2 negative-phage-se-
quence network, This network gives no output on
normal balanced loads. It may be biased with ground
current, and is also biased with positive-sequence
current above a threshold level determined by fault
detectors responding to phase currents. The opera-
tion of this network is described in SECTION G3.

NETWORK UNIT

NEGATIVE-PHASE~SEQUENCE NETWORK
FIG. 16

Gg
Gy

The negative-phase-seguence network consists
essentially of transactors T201 and T202, resistors
R201, R202, R203, R205, and R208, and capaciior
€201, (A transactor is a combination of a reactor
and a transformer which gives an output v{)};‘ia%g
proportional to the input current), Resistors R2
and R203 provide adjustments for balancing the
network,

Transactor T201 receives phase 1 current (re-
lay ferminals 5N and 6N, transactor leads 5 and 6)
and residual current {terminals 3N and 4N, leads
and 8). Transactor T202 receives phase 3 curremt
{terminals 9N and 10N, leads 12 and 13)and residual
current {terminals 3N and 4N, tap plate to lead 6).
The tapped winding (taps 5 to 11}is used to iniroduce
sufficient ground current ampere-turns into this
transactor to overcome the effect of the negative-
phase-gequence current dguring ground faults. This
is necessary in applications where the negative
phase-sequence excitation provided by such faults
is inadequate. Capacitor C201 and resistors R203
and R206 form a phase-shifting circuit so that the
capacitor voltage lags the gecondary voltage of
transactor T202. Resistor R202 is adjusted to make
the effective portion of this T202 secondary voltage
equal to the capacitor voltage. The polarities, con-
nections, and adjustments are such that the network
output is substantially zero with balanced three-
phase current,

It can be shown, by the method of symmetrical
components, that the output voltage is proportiomal
to 4 combination of the negative-sequence and zero-
sequence currents according to the relation

E output = K3 KIp- | 38 In)

where K depends on the tap setting of TE0Z and X3
is a constant of proportionality.

30
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Thig network gives the same magnitude of cutpat
voltage for 2 given magnitude cf phage-to-phase
fault current regardless of which pair of the thres
conductors is involved. Figs. 10 and 11 give vector
diagrams for the three possible combinafions.

POSITIVE - PHASE-SEQUENCE OUTPUT FOR
THREE PHASE FAULTE

G4

A three-phase fault will operate all three of the
phase-fault detectors, thus iacreasing the effective
portion of R202 and inserting w2ih, By further
analysis similar to that mentioned above, i can be
shownthat the network output for a fault not lavolving
ground is then

¥ output = Kgéﬂg@ -1}

where ¢ depends on the reduction of the eifective
portion of the output voltage of 7202 caused by the
operation of all three of the phase-faull detectors
and "a" is the vector operator, This provides an out~
put voltage in case of a balanced three-phase fault,
Gg  OUTPUT FILTER FIGS. 16 AND 1

Since harmonics of the power-frequency current
are magnified in the transactor, a simple low-pass
filler consisting of L=203 and C~202 is added. This
filter offers a low opposition to fundamental fre-
guencies while attenuating karmoenic frequsncies,
Gg VOLTAGE AMPLIFIER FIGE. 16 AND 1

The output of the negative-phase-sequence net~
work is amplified by a push-pull voltage amplifier,
The amplifier tubs, ¥-201, uses limiting circulls to
form the sine wave input into a substantialiy square
wave output. This square wave output is responsible
for high-speed pickup of FPD-L and FIrH as well as
greater transmitter power. The gain of this stage
is such that full power is obiained from the trans~
mitter az soon as FIrL picks up. The sguare wave
output is fed toa full wave selenjum rertifisr RE-291.
The d-c putput of the selepium rectifier is fad {o the
grids of the fault detectors (high and low) ag their
control voltage. The unrectified output of the voliage
amplifier is uged to drive the power amplifier,

Gy gégxg DETECTOR-LOW (FD-1,) FIGS. 18

Fault Detector-Low determines the magnitude
of fault current at which the iransmitter will be
modulated and send a blocking signal to the opposite
end to prevent tripping. A normally cloged contact
of the low level fault detector (FD-L} holds the
sereen grids of the power amplifier at negative bus
potential preventing any output from the power am~
plifier until the Fault Netector-Low pleks up.
Another funetionof the Fault Detector-Low iz toglve
preference to the relay function over all services
immediately upon pickup {within one eycle after in-
ception of fault). The pickup of this fauit deteclior Is
independent of the carrier-current equipment. Pick~
up is controlled over a continuous range Dy means
of the FD- 1, potentiometer on the front of the network
unit (R209-R210), A modulating signal is applied io
the transmitter as soon as the FD-L "D’ contact
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opens, which normally shorte the power amplifier
gsereens to the negative bus. This is done through
resistor R239 which is itself shorted out as soon as
the normally open contact of the Fault Detector-Low
cloges. This feature gives positive operation of the
transmitter regardless of whether or not the nor-
mally open contact ¢loges properly,

The connection of the dicde RG201 and reslstor
R256 across the FD-L coil insures a 2 cycle delay
in dropout of FDrL relative fo that of FD-H.

G igg}g DETECTOR-HIGH (FD-H) FIGS. 16

Fault Detector-High determines the fault cur-
rent magnitude necessary tostart phase-comparison
and permit tripping. The normal setting of the fault
detector~high is 50 percent above Fault Detector-
Low to give a 50 percent safety margin between the
blocking and the tripping function of the relay, The
giekup of FD-H is contreolledover a continuous range

y mezans of the FD+H potentiometer on the front of
the network unit, Circuit characieristics delay Fir-H
pickup from FD-L pickup by at least 0.004 second
regardless of fault current magnitude.

Go TRIFPPING UNIT
G10 POWER AMPLIFIER-FIGS. 16 AND 2

The power amplifier is driven by substantially
4 square wave from the voliage amplifier of the net-
work unit., This square wave effectively drives the
power amplifier to saturation as soon as fault de-
tector-low picks up. The power amplifier, through
a modulating transformer, T-203, provides a modu-
lating signal to the sgreen of the carrier-current
trangmitter, ¥rom ancther winding on this same
transformer the power amplifier provides a signal
to the comparer tube screen grid 180 degrees out of
phage with that provided to the transmiiter. The
power amplifier draws no appreciable plate current
until FD-L picks up. This gives the power amplifier
tubes long emission life, as they therefore supply
plate current only during fault conditions.

Gii PHASE SHIFTER-FIGS. 16 AND 2

The phase shifting network, consisting of R-251,
R-252, R-253, C-211, C-212 and C-213 deiays the
power amplifier signal to the comparer tube screen
grid from the signal applied to modulate the trans-
mitter. This time delay compensates for the time
of propagstion between terminals of long trans-
migaion lines.

(313 COMPARER AND TRIPPING RELAY
ELEMENT-FIGS. 16 AND 2

The comparer, located inthe carrier-transmitter
receiver unit, determines whether or not the circuit
breaker shall be tripped upon the occurrence of a
%ﬁﬁ which results in sufficient current to pick up

D-H.

Secondary windings 1 and 2 of T-203 at the re-
mote station modulates the remotetransmitter. This
signal is received and applied to the control grid of
the local comparer tube, g

The sereen grid of the local comparer tube iz
supplied with a local a~c¢ voltage from the secondary
winding & and T of T-203. The control grid is sup~
plied with half-cycle voltages from the remote re-
iay via the carrier channel,

Gia External Fault-Figs, 18 and 19

During an external fault, received carrier
swings the control grid negative for the hali~cyeie
when the local relay voltage swings the screen grid
positive. Thus the control grid blocks plate current
and no tripping occurs. A normally open contact of
FD-His placed inseries with the {rip-relay element.
This makes it impossible for the relay to trip before
the remote end FD-L has had time to provide a
blocking signal to the local comparer tube,

Gig Internal Fault-Figs. 18 and 19

During an internal fault, the half-cycle signals
reselved from the opposite terminal swing the com-
parer control grid negative for the same half-cyele
the inoal relay voltage swings the gsereern grid nega~
tive. These received signalg are absent, as there is
ne incoming signal, during the half cycles when the
sereen grid ig positive. The comparer plate cur-
rent, therefore, increases and picks up the tripping
relgy element through the FD-H contact,

In general, the currents entering the two ends
of the line on an internal fault will not be exactly in
phase. Therefore, comparer plate current will not
flow throughout each half cycle, The average value
of this current corresponds to differential protection.
Ag in a differential system, fripping current varies
from zero to a maximum with a change in phage
angle from 180 to 0 degrees hetween the currents at
the two ends of the line. A typical phage-angle char-
acterisiic iz shown in Fig. 20, Phase-comparison
tripping time ig shown in Fig. 17.

The 3 phase fault tripping time is greater then
for other types of faults because the operating time
of the phage {ault detectors is added.

G1s SIGNAL ALARM AND SIGNAL ALARM-RELAY
ELEMENT, SA., ¥IGS. 16 AND 2

The basic function of the signal alarm iz for
telemetering, supervigsory control, and to indicate
incoming phone calls, The signal alarm will sound
an imrmediate alarm on loss of d~¢ supply voltage to
the transmitter-receiver and relay, or failure of the
heater of any of the tubes in the relay or signal
alarm cireuit. An additional use of the signal alarm
is to provide meang for reading the strength of the
received signal, This reading gives an indication of
the margin available for blocking on anexternal fault

The screen gridof the gignal alarm tube is con-
nected to a fixed potential, When there is no in-
coming signal, i.e., no negative voltage applied to
the control grid the cathode bias is adjusted to
obtain the desired current above pickup of the signal
alarm-relay element, SA. A received carrier-cur-
rent signal ewings the control grid negative, de-
creazes the plate current, and allows the signal-
alarm-relay element todrop out. A normally closed
contact of A then closes the alarm circuit,
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The SA element (L,-6418025 G122) has a maxi~-
mum of 0.16 seconds time delay dropout to prevent
false operation by dropping out on transients. When
SA is used in telemefering the instantaneous type
element (L-6418025 (G84) should be used. Hince the
relay is of a plug-in construction, replacement is
simplified.

G1g TRANSIENT BLOCKING-RELAY ELEMENT,
RB, FIGS. 16 AND 2

This relay permits tripping without time delay
for about 4 cycles after the inception of a fault; but
thereafter, it introduces adelay in tripping sufficient
to outlast transients associated with eircuit-breaker
arcing, CT trapped flux, etc.

RB is energized by FD-~H when the latter picks
up, If the faull is internal, TR will pick up and thus
de-energize RB before RB picks up,

G17 SEAL-IN UNIT, SI. FIGS. 17 AND 2

This is connected in series with both trip cir-
cuits and is picked up by trip coil current when T
picks up. The unit closes contacts around TR and RB
to insure positive cloging of the trip circuit. A
hand-reset target, toindicate that the EDD equipment
was the cause of tripping, is exposed when the seal-
in element picks up.
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D-C TEST EQUIPMENY
FIGURES 3 AWD 17

The test equipment consists of a multi-range
milliammeter, jacks and test cord, By means of the
selector switch in the network and iripping units,
this equipment permits reading the plate currents of
the six tubes used in the relay function. Also, this
meagsures the heater currents of the tubes in the
network unit, tripping unit and signal alarm tube,

A-C TEST EQUIPMENT
FIGURES 3 AND 18

The a-c test equipment consists of a five-po-
sition relay test switch (RTS), two test resistors,
an eight-position tap switch, a rheostaf, and a volt-
meter, When the relay test switch is in "NOR™, the
relay equipment ig in its functioning position.

Gig

Gig

Position "TCQO" opens the trip circuits, but does
not disconmect the relay from the Tz and stiil
allows a blocking signal t¢ be transmitted., This
makes it possible to take the equipment out of ser-
vice in cases where the loading on the line comes up
to the point where carrier is being transmitted and
FDr# is picked up. Removal of carrier before
opening of the trip circuits would cause false i{rip-
ping. For this case, the relay fest gwitch at both
stations must be turned {o the "TCY' position before
either switch is turned to the "GFF", "IN' or "OUTY
positions.

Fig. 2i
{11} Thres-Phase Fault Currents

{1} Ground Fasit Currents And
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The "OFF" position opens the trip circuits,
short-circuits the CT's, and disconnects the relay
from the CT's.

The "IN" or "OUT" pogition places current from
the a-c test source through the test resistors and
the two transactors., The currents through the
transactors in the "IN and "OUT" positions are op-
posite in phase, I the relay test switches at both

RELAY SETTING

LIMITING CONDITIONS

This equipment is based upon the over-current
principle that maximum load current must be at or
below the current rating of the equipment of 5 am-
peres secondary, Faults for which the equipment
is expected to operate must provide current in ex~
cess of pickup. To be considered applicable, it is
suggested that the relay should receive short-cir-
euit current of af least 1.5 times pickup based on
the transient reactance,

Hs TAPPED LINES

Hi

The equipment may be used on lines having
tapped loads fed through transformer banks, if the
following conditions, 1, 2 (A or B), and 3 are mef:

1. The transformer primary is not grounded, ex-
cept on special recommendations obtained from
the relay manufacturer.

24, The maximum relay current for any fault on the
low side of the transformer bank will not exceed
the pickup of the phase comparison Fault De-
tector-High unless a higher threshold value as
determined by the phase fault detectors isused,

as outlined in 2B.

28, The maximum relay current for any fauit on the
low sideof the transformer bank will not exceed
the pickup of the phase-fault detectors {one or
more); the resulting higher minimum trip ig
considered satisfactory by the user; only one
circuit bresker need be tripping at either end
since it is possible for just one terminal Fault
Detector-High (FD-H) to be picked up; sequen-
tial tripping is satisfactory.

“This threshold value may be obtained by re-
moving the panel wirir? {jumper marked “For
ground relay use" on Fig, 16} across the "a"” contacts
of the phase-fault detectors FDI, FD2, and FD3. I
ground currents for a far end ground fault are less
than the phase-fault detector pick-up settings, a
more gensitive ground relay, such as a Type PJIC,
should be used. The "a"' contacts of this ground-fault
detecior should be connected in parallel with the
phage-fault detectors "a" econtacts.

4. The maximum load current due to the line tap
must oot exceed 0.5 times the difference between

ends of the line are turned to the "IN position, the
arrangement simulates an internal fault. In the
“OUT position, the a-c test equipment provides just
enough current to operate FD-L giving a check on
the blocking (FD-L) settings of the relay. An amber
indicating lamp is connected to one trip terminal of
the tripping unit to enable the tester to visually ob-
serve the reculting operation of the relay for simu~
iated internal or external line faults.

(SECTION H)

the pickup of the phase fault detectors FD1-3
and the 3¢ fault pickup of FD-H.

METHOD OF CALCULATION
GROUND CURRENT TAP SETTING

H3
Ha

¥ the minimum negative-phase-sequence cur~
rent for internal ground faulis ig greater than 86
percent of the relay phase-to-phase setting, it i not
necessary to add ground current excitation. Under
all other internal ground-fault conditions, the ground
current excitation predominates at each line ter-
minal by a sufficient margin to obviate the possibility
of biind spots. R is not necessary to give any con-
sideration to the current magnitudes resulting from
external faulis,

The amount of negative-phase-sequence current
available and the ratic of negative-phase-gequence
to ground current are easily determined from the
three-phase and single-phase-to-ground short-cir-
cuit currents, which must be known for any over-
current relay application. The determination of
these values doegw not reguire an understanding of
theory of symmetrical components, but merely the
performance of the simple albegraic operations
indicated by the formulag given below,

The formulas used in the following method of
calculation have been derived from those developed
in AIEE paper No. 45-148 entitled "Phase-com-
parison Carrier-current Relaying”, published in
Electrical Engineering for Dec. 1945. The following
table relates the equations used in the various steps
with those developed in the paper.

Stepdzég?ﬁgr m Eguation number in AIEE
caleulation No. 45-148
5 8
g 24
10 34

14 43 & 25
15 43 & 29
16 41 & 25
17 1820834
18 41 & 25
20 18 29 %34

35



GEI-44070 Phase Comparison Carrier Pilot Relay Type EDD

Hs EXAMPLE OF CALCULATION’

Hg EXPLANATION

(1) Determine the system-operating condition
which gives the least total ground current in a
single-phase-~to~ground fault on the line at either
end where phase-comparison relaying would be ap-
plied, and for which condition satigfactory relaying
is required. The total ground current (I'G) is three
times the total zero-phase sequence component of
current {I'0) for single-phage-to-ground faults, In
the example, ground current values will be used.

(2) For the system-operating condition of (1),
and for a single-phase-to-ground fault on the line
at one end with the circuit breakers closed at both
ends, determine and record the magnitudes of the
ground currents flowing into the line at each end
and the total ground current in the fault. Use the
transient reactance of generatorg todetermine these
current magnitudes,

fepezat for a single-phase~to-ground fault at the
other end, with the same operating conditions,

{3} For exactly the zsame system-operating
conditions as in (2}, but for a three-phase fault, first
at one end and then at the other, determine and re-
cord the phase current magnitudes at both ends and
in the fault, Use the transient reactance of gener-
ators to determine thege current magnitudes.

CALCULATING SECONDARY FAULT
CURRENTS

(4} Reduce all the above values to CT secondary
amperes by dividing by CT ratio. Use these sec~
ondary~current magnitudes from now on. To sim~
plify the terminology, we shall henceforth define
thegse secondary-current magnitudes as follows:

Iy; = the ground current at the end under consider-
ations for a single-phase-to~ground fault,

T =the total ground current in the singie-phase-
to-ground fault,

I3p = the phase current at the end under consider-
ation for a three-phase fault.

r 30 = the total phase current in the three-phase
fault.

Ipy: = phase-to-phase fault pick-up currentof FD-H

If only the total current and the portions at the
end away from the fault are given in the short-ecir-
cuit study, the portion at the end near the fault may
pe obtained by subtraction.

By EXAMPLES

{1) Assume conditions that might reasonably be
expected, such ag the removal from service of cer-
tain generators, the possible disconnection of cer-
tain grounding trangformers or generator-neutral-
grounding devices, and the temporary removal from
service of certain transmission lines, It is desira-
ble t¢ record in rows le and 1d of Table VI the
sources of the data in rows 2 to 5, so as to define
the operating conditions for which the results apply.

(2) Fig. 21(0) illusirates these guantities, and
shows the particular values assumed for this ex-
ample,

{3) Fig. 2141 illusirates these quantities, and
shows the particular values assumed for this ex>
ample,

{4) The ratios of all six CT's on the two ends
of a given line section must be alike.

For example,

CT ratio = 300/5 = 80/1

I'g = 2160/60 = 36, Ig = 378/60 = 6.3

I'g - (Ig at B) = {Ig at A}

36 - 6.3 = 29.7

Let us assume that by following the preceding

instructions, the remaining secondary currenis in
amperes have been obtained as listed in Table V.

* Numbere in parentheses refer to row in tabular calculation Table VI. The calculations are based on
normal phase-to~phase fault pickup of 3 amperes. {See Table IV).
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EXAMPLE (Cont'd.}

Hg EXPLANATION (Cont'd) Hy
TABLE V
Fault at A Fault at B
Designation | Relay B (Rolsy A |Reiay A |Relay B

I'es 386 36 30.9 30.9
Ig 8.3 28.7 17.7 13.2
1'39 38.1 g1 32.6 32.8
Isp 8.3 25.8 16.4 16.2

CALCULATING CONSTANTS R AND D

(3} Calculate to three decimal places the con-
stant R which will be uged later. _

R=313 _,
G
{6) Calculate the constant D which will be used
later. ’
D= I!G x {35
IgxT 3p

CALCULATING MULTIPLE OF PICEUP §M;
(NOT INTRCDUCING GROUND CURRENT

{1y THREE PHASE FAULTS
Determine for three-phase faults, the mul-

tinle of pickup (M) of the relays at A and B for both
fault locations, using the following formula:

M = 0.375I3p
Ipy

Wotice that the value of 'y for a given fault lo-
cation is listed for both relays. The valueof I'gp is
similariy listed. This procedure serveg to put im
the game column all four values that will subse-
quently be uged for determining the operation of the
relay that heads the column,

{5} Por Column 1 of Table V
R =3(38.1/36) - 2 = 1.175

Fault at A Fault at B
Relay B Relay A Relay A Relay B
1.175 1.178 1,165 £.165

(8) Using the values I'g, I, I'sp and I3pin
column I of Table V, we get the values of D for the
relay at B with a fault at A as follows, and aiso the
other three values irom the other columns.

D=(36x8.3)/(6.3 x 38.1) = 1.25

Fault at A Fault at B
Relay B Relay A Relay A Relay B
1.25 .85 0.88 1.18

{H the short-circuit study gives current-distei-
bution factors Cp and Cp, D can be calculated from
D= Cp/Co»)

{7} Using the values in the 139 row of Table ¥
we get the following values of M

M=0375%83/3 = 1.04

Fault at A Fault at B
Relay B Relay A Relay A Helay B
1.04 372 2.05 2.02
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Hg EXPLANATION (Cont'd.)
(8) PHASE TO PHASE FAULTS

Determine for phase-to-phase faults the
multiple of pickup (M), using the following formula:

M = 0.865I3p/ Ipy

{9) SINGLE PHASE TO GROUND FAULTS

Determine for single-phase-to-ground
faults, the multiple of pickup (Mﬁ using the following
formula:

M = 0.577 D Ig/Ipy

(10) TWO PHASE TO GROUND FAULTS

Determine for two-phase-to-groundfauits,
thﬁl multiple of pickup (M), using the following for-
mula:

M =33 Rlzg/ (1 +2R) (Ip y)

(11) If there is sufficient short-circuit current,
hase-comparison relaying is applicable, and no
urther studies are required. Sufficient current is
available If all multiples of pickup (M) are 1.5 or
more. For this condition, ground current tap ad-
justment for %rcund faults 1s not required and K = 0
as shown in {I7}. The multiplied-by-two tap is used
in this case only. )

38

Hy EXAMPLE (Cont’ d.)

{8) Using the values in the I3p row of Table V,
we get the following values of M:

M =0.865x8.3/3 =2.40

Fault at A Fault at B
!
Relay B Relay A Relay A Relay B
2.40 8.61 4.74 4.68

(8) Using the values of D and Ig from Column 1
of (6) and (4) we get the following value of M:

M=057Tx125x6.3/3 =152

Similarly, we get the other three values:

Fault at A Fault at B
Relay B Relay A Relay A Relay B
1.52 5.40 3.00 2.95

%10) Using the values of R and 139 from Column
1 of (5) and (4), we get the following value of M:

M= (1732 x 1175 x 8.3) /[(1 + 2 x 1.175) 3] = 1.68

Similarly, we get the other three values:

Fault at A Fault at B
Relay B Relay A Relay A Relay B
1.68 6.05 3.3 3.27

Do not be perplexed that the currents that have
been used were obtained for single-phase-to-ground
and for three-phase faults, The formulas using
these currents give M also for phase-to-phase and
for two-phase-to-ground faults. The derivation of
the formulas has taken these things into account.

(11) Further study is indicated since the mul-
tiple of pickup for the relay at B for the three-phase
fault at A is only1.04. Moreover, should three cycle
operation not be acceptable for the same relay and
fault location in the cage of single-phase-to-ground
and two-phase-to-ground faults (multiple of pickup
1.52 and 1.68 respectively), further study will be
necessary for these cases also,
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Hy EXPLANATION (Cont' d)

{12} ¥ the multiple of pickup at one end of the
Yne is less than 1,5 in the case of a three-phase
fault, and if at the other end of the line the muitiple
of plekup is 1.5 or more for the same fault, phase~
comparison relaying will be applicable if sequential
tripping is assured and is accepiable under those
circumstances,

{13} Instructions {12} apply equally well to the
cases of single-phase-torground and two-phase-to-
ground faults, but in these cases it is possible that,
by use of the ground-current tap adjustment, any
consideration of sequential tripping can be avoided,
This ground-current-tap adjustment can be used if
there is zround current flowing into the line af both
ends for all ground faults on the line with the
breakers at both ends closed,

CALCULATION OF MINIMUM VALUE OF K
{14) SINGLE-PHASE-TO-GRCUND FAULT

Determine for single-phase-to-ground
faults, the minimum value of K that can be used from
the standpoint of phase angle, where this minimum
value of K is the largest of the four possible values
ohtained by using the following formula:

Hy EXAMPLE (Cont'd.)

{12} Since the mulliple of pickup of the relay at
A for the three-phase fault at A was 3,72, high-speed
tripping at this end is assured, Therefore, sequential
tripping is possible if the current at B increases
sufficiently after A has iripped, For this example,
the value of 135 at end B is assumed to becoms 17.2

amperes after the breaker at A has tripped, and M
will therefore become 2,15, which assures prompt
tripning.

(13} For the example given, it is unnecessary
to consider the use of the ground-curreni-tap ad-
justment unless three cycle operation is not satis~
factory for the relay at B with ground faults at A,
Let us assume, however, that this operation is un~
gatisfactory, and that advantage should be taken of
the ground-current-tap adjustment,

(14) Using the value of D from Column 1 of (8),
we get:

K=245x%x1.25=23086

Similarly, we get the other three values,
and then underline the highest,

K = 245D
Fault at A Fault at B
Relay B Relay A Relay A Relay B
3.08 2,32 2,18 2,84

{15) TWO~PHASE-TO-GROUND FAULTS

Determine, for two-phase~to-ground faulls,
the minimum valuve of ¥ thalt can be used from the
standpoint of phase angle, where this value is the
largest of the four possible values obtalned by using
the foliowing formula:

K =245DR

GEI-44070

{15} Using the valves of 245 D and of R from
Column 1 of (14) and (5), we get:

K=306x1175=3,61

Similarly we get the other three values,
and then underline the highest,

Fault at A Fault at B
Relay B Helay A Relay A Relay B
3.81 2,14 2,51 3
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Hg EXPLANATION (Cont'd.)
{18) SINGLE-PHASE-TO-GROUND FAULTS

Determine, for single-phase-to-ground
faults, the minimum value of K that can be used
from the standpoint of magnitude, where this is the
largest of the four possible values obtained by using
the following formula:

K =/3 D+ 3MIpy/Ig

where M = the desired multiple of pickup.

{17y TWO-PHASE-TO-GROUND FAULTS

Determine, for two-phase-to-ground faults,
the minimum value of K that can be used from the
standpoint of magnitude, where this is the largest
of the four possible values obtained by using the
following formula:

K=v3 DR + DM (1 + /2R) Ipy
I3p

K 21 . 15 11 8 6 0

Tap | 0.17 50-23 0.33 | 0.47 [0.67 2.0

{18) Determine by comparison the highest of
the four highest values found in (14), (15), (16}, and
(17). Select the tap to use by the above table equal
to this or higher.

For K = 0, use the multiplied-by-two tap,

(19) CALCULATING MULTIPLE OF PICKUP
(INTRODUCING GROUND CURRENT)

H desired, the multiple of pick-up for single

phase-to-~ground faults may be determined by using
the following formula:

M=(K-V3 D) Ig

3lpy

40

H7 EXAMPLE (Cont'd.)

(16} Using the values of D and I from Ci
1 of (6) and {4), and assuming M = 2.0 to get tw
three cycle tripping, we get:

K=1173x125+3x2x3/6.3=5.01

Similarly, we get the other three v:
and then underline the highest.

Fault at A Fault at B
Relay B Relay A Relay A Relay
5,01 2.24 2.54 3.3

(17) Using the values of D, R, and I3p
Column 1 of (6), (5), and (4), and assuming M
we get:

K=173x 1.25x1.175+1éggx2 {(1+2x1.175)x3

Similarly, we get the other three v
and then underline the highest.

Fault at A Fault at B

Relay B Relay A Relay A Relay
5.59 2,57 2.83 | 3.7

(18) The four highest values to be consi
are 3.06, 3,61, 5,01, and 5.59, so the value o
be used in settmg the relay must be 5.59 or nu

There is no tap for K = 5.58, so use .
Then for FD-H set to pickup at 3 amperes phas
phase.

Tap = 0.87.

Relay ground current PU = 0.67 x 3
= 2.01 amp

(19) Using the value of avallable K final
lected in (18B), and the values of D and IG from
umn 1 of (6 and (4), we get:

M=(6-1.73x1.25)6.3/(3x3)=2.¢

Similarly, we get the other three v
and then underline the lowest.

Fault at A Fault at B

Relay B Relay A Relay A Relay

2.68 145 . 8.81 5.8




Phase Comparison Carrier Pilot Relay Type EDD GEI-44070

Hg EXPLANATION (Cont'd.)

(20) I desired, the multiple of pick-up for
two~phase~to-ground faulfs may be defermined by
uging the following formula:

M = (K- V3 DR) Isp
D(i-!-ﬁﬁ) IFU

TABULAR METHOD OF
CALCULATION

The following tabular form will serve to sum-
marize the foregoing instructions and to provide a
convenient means for tabulating data. Intermediate
steps are included so that no calculation on loose
sheets of paper will be necessary. The operations
are broken down so that any moultiplication and di-
vision required can be made with a zingle setting of
a polyphase slide rule, When performing operations
involving guantifies not on adjacent lines, it is
helpiul to lay down straight edges to locate the lines
in the operation,

NOTE: These calculations are for normal settings
of the relay Table IV.

H7 EXAMPLE (Cont'd.)

{20) Using the value of available X finally ge-
lected in (18), and the values of D, R, and 13,6 from
Column 1 of (8), (5), and {4), we get:

M=(6-173x125x1.175) 83 _
251 +2x 1175 % =2.28

Similarly we get the other three values,
and then underline the lowest, Since the lowest is
more than 2, the two-to-three cycle operation will
be obtained for all faulis,

Fault at A Fault at B
Relay B Relay A Relay A Relay B
2.28 12,7 7.88 5.17
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Hg
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TABLE VI EXAMPLE OF TABUL AR CALCULATION FOR TAP SETTING

i
H

Row Col. Cotl, Col, Col,
i 2 3 4
1z { Fault location A A B B
1b ! Relay location B A A B
ic | Ground currents from =~~~ A A B B
1d Phase currenis from -~~~ B A A B
2a |I'g | [Ground pri, Amp, total for 2 ends 2160 | 2160 | 1854 | 1854
b Ig %_{Er 1-8~G fault this end only 378 762
3a [I'3g) [Phase pri. Amp, total for 2 ends 2280 | 2290 1960 1960
3b [ I3p i{or 30 fault this end only 500 980
i 4a ‘€. T, Ratio 300/5] =80/1
b T G—\’ {Ground sec, Amp, total for 2 relays 36 38 30,9 30.9
ic jig |/ %Er 1-8-G fault this relay only 6.3 297 17.7 13.2
44 I'3ﬂ (i?hase sec, Amps, total for 2 relays 38.1 38.1 328 326
e |13 @r 3§ fauit this relay only 53 298 184 | 162
4F [Ipy #-#fault DU I of FD-H this relay only 3 3 3 3
5a |87 gﬁ ,/i‘G {to 3 decimal places) = 3 (line 4d) / (line 4b) 3.175 | 3.175 3.165 | 3,185
5b R = (3T 3 /Tz) - 2 = (line 5a)-2 1.175 | 1.175 | 1.165 | 1.165
6a |33z e = {line 4e}/(line 4c) 3.85 3.01 2.78 3.68
b D = {31’3;5/1{}) /{3 3)@,1’ 1'g) = (line 6a) / {line Ba) 1,25 0.348 6.8% 1.16
T M {for 30) = 375 Iap/ Ipyy=.375 (ine 4e) / (iine 4f) 1,04 | 3,72 2.05 2.02
8 M {for 8-8)= 865 1 3g /Tpy= 865 (line de) / {line 4f) 240 | 8,61 4.74 4,68
@ | M (for 1-§-G) = 577 DI/ Ipy = -577 {iine 6b) {line 4¢) Aline 4f)| 1,52 | 5.40 3,00 2,95
10z | 2R = 2 (iine 5b) 335 | 2.35 2.33 2.33
10b i1 +2 R =1 + (line 10a)} 3,35 1,35 3,33 3.33
e {1 + 2R} ipy = {line 10b} {line 4} 10,05 110,05 16,0 10,0
i 3  RIag V3 {liae 5b)
. = ; 6.0 31 327
16d | M (for 2-8-G) = a7 oR) Tog Nine 100} {line 4e} 1.58 05 3. .
Calculaiions 14 to 20b Used Only ¥ Ground Current Excitation Has To Be Used
14 1K {for 1-f-G) = 2,45 B = 245 {line 65} 3,06 2,32 2.16 2.84
15 | K {or 2-8-33) = 2 45 DR = {line 14) (line 5h} 3.61 2,74 2,51 3.31
18a: VD = V3 {line 8b) 2.16 1.64 1.52 2.01
16b | SMIpy /T = 3M {line 41)/{line 4c) 2,68 0.50 1,02 1.36
15¢ | Klfor 1-8-G) = VI D+3 Mipy/ig= (line 16a) + (line 16b) 502 | 224 | 254 | 337
17a V2 DR = {lire 182} {line 5h) 2.55 1,93 1.78 2,33
17 | Ipy I = (line 4£} (iine 6b) 3.75 2.84 2.64 348
7c | Ipp D {1+ 2R} = (line 17h) (line 10b) 126 9,53 8,79 111,50
176 | Ipy MD (1 + 2R) / I35 = M {line 17¢} / (tine 4e) 3.04 0.64 1.07 1.42
170 Kifor 2-8-G}= V3 DRslpy MD (142R)/I3g= (line 17a)+(iine 17d) 5,59 | 2.57 2.83 375
18a  Highest required K (of 4 underiined values) 5,58
18b | Use K = 6,0 6.0 5.0 8.0
0a K- 8 D= (line 18b) - (line 16a) 3.84 436 4.48 3.589
19 | Mifor 1-#-G)=(K~v3 D)/ 31 pyl={line 18aiiline 4c})/3(line 4f) 2,88 1145 881 5,85
202 [ X — V8 DR = (line 18b) - {ine 17a) 3.45 4,07 4.22 3.67
20b | M {for 2-9-G) = (K~ V& DR}1 3 )/ 1pyD (1+28) = (line 20a)
{line 4e) / fine 170} 2,28 12,7 7.88 5,17
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FACTORY TEST

The relay has been adjusted at the factory, I
there is evidence of tampering or rough handling, all
of the following points should be observed in making
adjustments, If tubes are to be replaced the ad-
justments as described in section J3 only need be
considered. The current values used in the fol-
lowing paragraphs are normal factory settings. The
current frequency is 60 cycles,

CAUTION: Before making any of thege testg
the relay test switch (RTS) at both ends of the line
should be in the "OFF" position.

I NETWORK UNIT
J2  BALANCING THE NETWORK

Connect according to Fig, 15, using ammeters
of 5 or 10amperes full scale. Unless the test power
sourceis very steady, two ammeters should beused,
Their relative calibrations should be checked by
opening phase 2, setting Iy to 5 amperes, and reading
Is. Reclose phase 2, set Iy to 5 amperes and I to
t%e reading noted above. Check the source voltages,
phageg 1-2, 2-3, and 3-1 to see that they are bal-
anced within one volt. Adjust the slider on resistor
R-203, to give minimum output voltage across K3
and J11 of the sub-panel or studs 20T and 3T on the
tripping unit with Fault Detector-Low blocked in the
i)icked-up position. Use an a-c voltmeter of at least

000 ohms per volt, Lock this slider temporarily
get the right slider (front view) on the resistor R-202
to the extreme right, and adjust the left glider of
the resistor to give minimum output voliage. Reset
siider on R-203 and left slider on R-202 alternately
to determine the actual minimum. The voltage that
remaing with correct adjustment ig substantially
all third harmonic,

If either adjustment reaches the end of the
available range on ifs resistor, it may be possible
to bring it within range by changing the secondary
tap comnection on one of the other transactors. If
desired resultz can be obiained by using more of
one secondary winding, this is preferable {o using
less of the other secondary winding,

I3 FAULT DETECTOR-LOW (FD>-1.)

Apply 2 amperes, or desired current value at
which blocking should be initiated, from terminalg
31 to Jg or studs BN to TN. Turn the selector switeh,
in the network unit to FD~L and adjust the potenti-
ometer to obtain sufficient plate current to pick-up
¥D-L,, If the plate current is 4.3 milliamperes or
less and the dropout of 2 milliamperes or more the
telephone relay requires no adjustment,

If adlustment iz required refer fo instructions
described in Sections Jyp and Jig.

AND ADJUSTMENTS

(SECTION )

TUBE SOCKET VOLTAGES

H desired, tube socket veltages may be meas~
ured with a d-c voltmeter of 1000 ohms per voli by
using an adapter between the tube and its socket.
Measure from the adapter terminals to the negative
hus. With no input to the network unit, approximate
values are as follows:

SOCKET NUMBER V~-202

PIN RO, 1) 2 3 4] 5 6 T 8

YVOLTAGE [0 113 [11.5 |0 113 {115 | 87 |72

¥4 FAULT DETECTOR-HIGH (FD-H)

Set similar to FD~L as described in Section J3
except apply 3 amperes or the desired f to f tripping
current, The drop-out current should be 2,7 milli~
amps or higher,

TUBE SOCKET VOLTAGES

These voltages may be measured, as in Section
J3, and are the same as those listed for V-202,

J5  NETWORK BALANCE CHECK{p to p PICKUP)

Connect and check as outlined in Section Egg.

Jg  PHASE-FAULT DETECTOR PICKUP(FD 1-3)

Since the pickup depends on the contact setiing,
this setting should be checked before making the
pickup setting,

The normal adjustment of contacts is 3 /64 inch
wipe, This may be adjusted by bending the contact
stops that lie between the stationary contact springs
and the ribs on the molded base. The bend should
be made about 1/4 inch from the front tip of the stop
50 as to obtain an exact seiting more easily than
could be obtained by bending next to the base, A
change in wipe on a "b" contact affects the pickup
for a given armature setting. An increase in wipe
on either the “a" or the 'b" contacts decreases the
contact gap and lessens the difference between
pickup and dropout, and vice verga,

The contact pressure in the fully picked up or
dropped-out position may be adjusted to about 15
grams by bending the stationary contact springs
near their point of attachment to the base, Thig
adjustment may change the contact gap and contact
wipe slightly, Adjustments of the contact stops
within the normal range do not affect the contact
pressure in the fully picked up or dropped ouf
position, as the closed-contact springs are sepa-
rated from the stops in these positions.
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To check the pickup, use connections as shown
in Fig. 8. The plunger should be set so that the unit
picks up at 6.3 amps or 70 to 80 percent of the FD-H
pick-up setting as the current is graduallyincreased.
The dropout should be 5.7 amps or approximately
90 percent of the phase fault detector pick-up value
when the current is gradually decreased.

The degired setting may be obtained by turning
the armature on the plunger rod. The armature is
provided with an internal locking spring which re-
quires no manipulation.

I FAULT DETECTOR (FD-H), THREE-PHASE
PICKUP

Connect as shown in Fig. 15 and adjust the right
glider of R-202 ({ront view) so that FD-H, with
proper phase-to~phase pickup, set as outlined in
SECTION Jy, will pick up at 7.6 to 8.2 amperes, or
from 2.6 to 2.8 times the average §-p trip setting.
Follow the test procedure outlined in SECTION Egv
to determine pickup. H the extreme right position
of the slider does not give enough adjustment a
little additional range can be obtained by turning the
glider so that it does not touch the bare strip of
resistance wire. If this does not give sufficient
range, it will be necessary to use a lower tap on
T=-202 and rebalance the network according to SEC-
TION ¥2. The T-202 tap lead is connected to the tap
terminal of R-202 and is tagged. The other tap leads
are tagged and secured available for use. Recheck
the phase-to-phase pickup according toSECTION J5,
after which it will be possible to get the right slider
for a lower three-phase pickup.

Jg TUBE REPLACEMENT

Whenever a tube is replaced in thenetwork unit,
tripping umit, or the signal-alarm element, the
heater currents should be checked to see if their
valueg have changed from the original setting., o
the values are now out of limits, readjusi as de-
scribed in SECTIONS E1 and E1.

Recheck the phase-to-phase blocking and trip-
ping pointg as outlined in Sections Egq and Egy.

Jg VOLTAGE AMPLIFIER

Plate current, with no fault, should read ap~
proximately 1 milliampere.

Tube Socket Voltages

These voltages may be measured as described
in SECTION J3. With no input in the network unit,
approximate values are as follows: :

SOCKET NUMBER V-201

FIN NO. 1 2 3 4 5 8 17,8

1

0.3 '2.5- 10 -03 [25- 10 7872
i1 il

VOLTAGE

44

Tio TRIPPING UNIT
711 SIGNAL ALARM-RELAY ELEMENT, SA.

The signal alarm-relay element is adjusted t
pickup at 6.0 milliamperes d~¢, plus or minu
1 milliampere; and to dropout at 2.8 milllamperes
slus or minus 0.3 milliampere. Refer to SECTIO!
Jig for adjustments.

Ji2 FD-L AND FD-H

The pick-up and drop-out adjustments of th
FD-1 and FD-H relay elements are described i
SECTIONS J3, T4, and J186.

Jia TRIP-RELAY ELEMENT, TR

The trip-relay element is adjusted to pick up
2.2 milliamperes d-c¢, plus or minus 0.2 milliam
pere; and to drop out at 1.4 milliampere, plus o
rainug 0.1 milliampere d-c. Refer to SECTION J1
for adjustments,

¥i4 TRANSIENT BLOCKING RELAY ELEMENT,
RB

The method of checking the operation of thi
relay element is given in SECTION E24.

If the relay element must be replaced, the pick
up time with rated voltage across the coil and re
sistor should be 0.029 to 0.036 second (1.8 to 2,
cycles), and the drop-out time should be 0.063 t
0.077 second (3.8 to 4.8 cycles). The minimu:
pick-up voltage should be less than 80% of rate
d;f voltage, but need not be adjusted {o a particula
value.

Iis POWER AMPLIFIER
Tube Sccket Voltages

These voltages may be measured as describe
in SECTION J3. With no input to the Network un
{relay test switch "OF¥", approximate values ar
as follows:

SOCKET NUMBER V-203

PINNO., 1! 2 3 4 5 6117 g
VOLTAGE!C | 43 127 6 |01 |0 22 2

PINNO. 1|2 3 4 5 § 17 |8

VOLTAGE 0 | 68 127 1 0 101 0 44 |2

The plate current for V-203 and V-204 shoul
be 34 to 44 milliamperes with the FD-1 picked w
For future comparison, record the values read wit
the relay test switch in both the "NOR" and "IN pc
sitions.
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J1§ PROCEDURE FOR TELEPHONE RELAY
ADIUSTMENT

It is not recommended these adjustments be
made unless absolutely necessary and by competent
personnel,

If the pickup must be changed without decreasing
the dropout value, the armature stop and the nor-
mally closed stationary contacts must be bent.
Bending these toward the coil will inerease the ar-
mature gap and therefore the pickup value. Bending
therm: away from the coil will decrease the gap and
pickup value. The stationary contacts should not be
bent more than necesgary, keeping the 'b" contact

MAINTENANCE

PERIODIC TESTS

It iz supgested that this overall test be made
approximately once a month by members of the re-
lay maintenance group rather than members of the
station operating staff, Normally, no other festing
iz necessary until the tripping or blocking tests fail,

Ky

When the d-c fuses are to be drawn for any
reagon, it is necessary to have the relay test switch
turned to the "TCO" pogition at both terminals fo
eliminate any possibility of false tripping.

K3 PROCEDURE FOR TEST

The relay test switch contactg are arranged to
prevent false tripping at either terminal regardliess
of test switch position or operation if the following
is observed,

Arrangements should be made by telephone to
turn the relay test switches at both stations to the
"TCO position before either is turned to the "OFF,
"IN or "OUT" pogitions, The trip circuits will then
be open before either blocking carrier is removed.
When the relay test switch at either terminal is
turned from the "NOR" position, that terminal will
be unable to send a blocking signal. The other ter-
minal may trip in response to an exiernal fault
unless the relay test gwitch at that terminal iz in
the "TCO' pogition. This position allows a blocking
signal to be sent but opens the trip circuits,

Kz CHECK OF TRIPPING

With both switches in "T'CO" position for rea-
sons deseribed in K2, turn the switches at both ends
of the line to "IN at a pre-arranged time. Watch
for the amber lights at both ends and return both
switches to "OFF'. When the switches at both ends
are in like positions, either "IN or "QUT", an inter-
nal phase-to-phase fault is simulated.

When both ends are in the "IN position the test
current will be sufficient to operate FD-H and light

pressure at 15 grams or more and the contact gap
not less than 1/64"

To increage or decrease both pickup and drop-
out values the moving contact springs should be bent
toward or away from the coll, thus increasing or
decreaging the back pressure against the armature,

To increase or decrease the difference between
pickup and dropout without changing the contact gap,
the residual screw should be run out or in. The
armature arm should be bent toward or away from
the coil to restore the contact wipe, With normal
wipe, the normally open {(a) contacts will closewith
a 5 millimeter but not a Tmillimeter feeler between
the armature and pole pieces.

(SECTION K)

the amber lamp., When both ends are in the "OUT"
position the current will be sufficient to operate
FD-1. but not FD~H and therefore the amber lamp
will not be lit, for this condition. Either end may be
checked separately for itg ability to trip if no one
ig available to operate the switch at the other end,
however there is a slight risk of false tripping while
this is being done.

Check by telephone that both amber lamps have
lighted, otherwise the blocking test will mean
nothing.

K, CHECK OF BLOCKING

Starting with both relay test switches in "TCQ"
and the "OFF", one maintainer {X)} will direct the
other maintainer (Y) to turn his switch to "IN, thus
lighting Y's amber lamp, When X hears the resulting
60-cycle hum in his receiver, he will turn his own
gwitch to "OUT", and see that his amber lamp is not
lighted in that position. He will then return his
switch to "OFF"., During this interval Y should
observe that his amber lamp is extinguished, by the
"blocking"” signal sent when X has his switch in the
out position. After he seeg it light again, he will
return his switeh to the "O¥FFE" position.

X will check with Y by telephone, to make sure
the blocking was succegsful. Then (Y} interchanges
the procedure with (X) and repeats the test,

When the test switches are inopposite positiong
{'IN" and "OUT™, the test currents at the two ends
flow in opposite directions through the relays, as
during an external fault., The blocking signals sent
in both directions act thru the control grids of the
comparer tubes to drop out tripping elements T,
thus extinguishing the amber lamps.

NOTE: In test SECTION K3 and K4, additional
information may be obtained by reading the current
in the milliammeter when the selector gwitch in the
tripping unit is turned to "COMPARER". This cur-
rent should be about 6 milliamperes for the test in
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SECTION K3 and zero for the test in SECTION K4.
Also, the fault detector tube plate current may be
read whil~ the relay test switch is in the "IN po-
sition by placing the selector switch in the FD-H
position.

K5 TUBES

All the tubes involved in the relay function have
their heaters energized continuously. The end of
their useful life is usually determined by a falling
off in cathode emission. Failure by heater burnout
is rare, but will be indicated at once by the signal
alarm, SA.

All tubes should be checked about once every
two months. Tube checkers of the mutual conduct-
ance type are recommended. The mutual conduct-
ance reading obtained should be recorded for com-
parison with the reading at the next test interval.
When the test indicates that a tube is approaching
the end of its useful life, it should be replaced.

See SECTION E10, and E11 for necessary tests
and adjustments when replacing a tube. Also itis

GEI-44070 Phase Comparison Carrier Pilot Relay Type EDD

desirable to recheck the phase-to-phase bloc
%nd tripping points asoutlined in SECTIONS E20
21.

K¢ CONTACT CLEANING

For cleaning fine silver contacts, a fles
burnishing tool should be used. This consists
fiexible strip of metal with an etched rough
surface, resembling in affect a superfine file.
polishing action is so delicate that no scratches
left, yet corroded material will be removed raj
and thoroughly. The flexibility of the tool ins
the cleaning of the actual points of contact,

Fine silver contacts should not be cleaned
kmives, files, or abrasive paper or cloth, Knive
files may leave scratches which increase arcing
deterioration of the .ontacts. Abrasive papel
cloth may leave minute particies of ingulating a
sive material in the contacts and thus prev
closing.

The burnishing tool described is included b
standard relay tool kit obtainable from the factc

RENEWAL PARTS (SECTION L)

¥For systems having a considerable number of
these relays installed, a pair of complete relays
(including standard cases, for transportation and
bench test) provides the most complete protection
against prolonged outage due to unforeseem fallure
of parts. This also permits greater convenience
and thoroughness in repairs.

The relay units may be ordered as:

Network Unit - 1.-6418096 G-5
Tripping Unit -~ L-6418095 G-5

For systems where fewer of these relays
installed, cost will require that spares be lin
to selections from the following list L1, whic
arranged in the order of decreasing estim
probability of failure. Parts should be ordere
description as well as drawing number to 3
wrong shipments regults from transposed digits

In L2 additional component parts are liste
reference to assist in identifying part numbers
appear on the internal connection and elemer
liagrams.
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GEI-44070

L1 ELECTRICAL SPARE PARTS LIST
CIRCUTT
COMPONENT DESCRIPTION DWG. RO., CTAT. NO,, OR TYPE
V-201 & V-202 Vacuum Tube Type 5602
V-203 &V-204 Vacuum Tube Type 5824
RB Transient Blocking Relay 1-6418025 P-124
SA Signal Alarm Relay 1.-6418025 P-122
FD-L Fault Detector-Low Relay 1L.~6418025 p-100
Fir-H Fault Detector-High Relay 1~6418025 P-101A
T Tripping Relay L-6418025 P-101
81 Seal-in Unit L-6293203
RG-201 Rectifier G-E Cat, #IN48
RrS-201 Rectifier G-E Cat, #8RS4TK1
g-201 Selector Switch K-6507854
§-202 Selector Switch K-6507853
R-202 & R-203 Network Adjusting Resistor Chmite 50W 5000 ohms
RrR-201 Network Resistor Ohmite 50W 10,000 ohms
R-205 Network Resistor Ohmite 25W 15,000 ohms
R-206 Network Resistor Ohmite 35W 6,000 ohms
R-227 Cathode Bias Resistor Ohmite 25W 150 ohms
R-228 Cathode Bias Resistor Ohmite 50W 1250 ohms
R-230 Heater Resistor Ohmite 50W 50.ohms
RrR-231 Heater Resistor (Externzl} 3887725 G24 75 ohms
R-232 Heater Resisior Ohmite 50W 200 ohms
R-246 Heater Resistor Ohmite 50W 160 ohms
R-236 Screen Registor Ohmite 50W 1000 ohms
R-244 RB Resiztor Chmite 10W 1000 ohms
C-201 Network Capacitor G~E Cat. No. 21F802 0.5 Mid.
C-202 Filter Capacitor G-E Cat, No. 21F801 0,25 Mfd.
C-203 Coupling Capacitor G-E Cat, No, 217801 0,25 Mid.
C-204 Coupling Capacitor G-E Cat, No. 21F801 0.25 Mfd.
C-206 Smoothing Capacitor G~E Cat. No. 21¥802 0.5 Mid,
c-207 Smoothing Capacitor G-E Cat. No. 21F802 0.5 Mid.
Cc-210 Smoothing Capacitor G~E Cat. No. 21F802 0.5 Mid,
J-201 Jack Mallory Midget A-2
J-202 Jack Mallory Midget A-2
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Ly REFERENCE COMPONENT VALUES
| Ohms Resistor Ohms Cap#cﬁ:br Mmid.
. azoa; 35 R228 83.7 C210 0.5
. paor 1000 R229 0.605 catt 0.05
. Roos 1600 R233 470,000 c212 0.05
R209 5000 R334 470,000 Cca13 0.05
R210 §000 R235 200
R211 10,000 R237 6.08
" R212 10,000 R238 8.08
'R214 A-B 7575 R239 1500
R214 C 15
R215 35 R241 83.7
R216 10 R242 12.2
R217 100,000 R243 122
R218 100,000 R247 1.21
R219 1345 R251 $9,000
R220 134.5 R252 10,000
R221 250,000 R253 50,000
R222° 270,000 R254 1,500
E | R256 10,000
R223 220,000 R301 22,000
R224 470,000 R302 22,000
R225 63.7
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GENERAL FLECTRIC APPARATUS SALES OFFICES

447 Cedar St
....... PO, Box 5278
£45 Wast Marke? 5t
.8 Colvin Ave
3?3 Third St
FEG Murrsy S'.
1132 Homiltan 5h
. Amaritic Bldg.
L3110 WL Codlege Ave,
. PO Box 4659
1848 Penchires Rd, NOW.

Abilens, Texas.
Akeon 13, Ohio. |

Albony 3, N.
Albuquergue, N N‘ex
Alexandrio, Lo,
Allentown, Po..
Amurille, Texas.
Appieton, Wisc,
Attante 2, Ga..

Auvgusta, Me . 133 Stgte S
galtimore 1, Md .. ... . 111 Park Ave,
Bangor, Me.. ... . P.O. Box 778, 77 Central 5¢

31740 Florida Bivd.
L2585 W Mithigan Ave.
P.G. Bax 2870

1385 Colder Ave.

Baton Rouge & Lo, .. ..
Battle Cresk, Mich, . .
Beauymont, Texas. ...

Billings, Mont.. . . . . 814, 303 No. Broadwoy
Binghamton, N. Y. .. .. . P.O. Box 931
19 Chenange St

Birmingham 2, Ala.. . ... .. .. PO, Boxr 2607
1804 Seventh Ave,, N
Bismarck, M. Dok, .. ... .. L 418 Rossar Ave.
Biuefield, W. Va.. . . PO Bow 447
7()4 Bicmd St., Appalachian Bldg.
Boise, ldaho. . ... 1524 idoho St
Bostan I, Maoss. . .. . 140 Federol $1
Buffoio 2, M. Y. . L8625 Delowore Ave.
Butte, Mont.. PO, Box B34, 103 N. Wyoming $t.
Canten 4, Okle 1226 Maorket Ave, N
Cadar Ropids, lowe. 210 Second &1, SE

Charteston 28, W, Va.. . PO, Box 2313
AGh MacCorkie Ave, SE
Chartotre 1, M. C ... PO, Box 1285

112 5. Tryen 5t
832 Genrglo Ave.
840 5. Canat 54
Cincinnati &, Ohio. .| 242 Vierory Phwy.
Cleveland 4 Ghio. 4754 Woodlond Ave.
Calumbic 1, § €. P.O. Bax 1434, 14320 Lady St
Columbus 15, Ohio. . 40§ Taird 5t
Corpus Christl, Texas . . . 205 N Chaporral
Balias 2, Texas. .. .. 1801 M, Lamor 6
Davenport-Bettendorf, lowa. PG Box &30
1439 State 54

Doyton 2, Okl 11 W, Monument Bldg
Doayton ¢, Chio, Avio, & Def. 2600 Far Hills Ave.
Denver 1, Colo. . . F.O. Box 2233
&30 Seventeenth 51
305 W, Fifth Ave.
700 Antoinette St
14 W, Superior S5t
PO Box 971

an m‘.d Wooé own Aves,
. 215 No. Stantor

. ... 150 State St
P.O. Box 352, 1170 Peorl §h

Chattunooga 2, Tean.,
Chitago 80, HL

Des Moines §, jowa . | .
Defroit 2. Mich.. .. .. ..
Daluth 2, Minn. . . . ..
Elmirg, ®L Y. . ...

Ef Poso, Texos. . . ...
Erie 2, Pa.. .
Eugene, Ore,

Evansvilie, Ind. . . . ... . PO Box 157
312 NW Seventh 5t
foirmont, W. Ya, . . P.O. Box 1426

310 Jucobs Bidg.

Hownii: Amaerican Facters, Lid., PO Box 3230, Honolula 1

Rendy to Asshi You with Your Problems
_P.O, Box 197
108 M. Court Ave.
_ . £53 5 Soginow 5t
L3604 30, Colhouwn 3t
.. ... ADB W. Seventh 51
B0, Box 9218, Avia, & Def,
G200 Camp Bowie Bivd,
AGY Pattersan Bldg.
Tulare ond Fuiton 5t
425 Charry 3t 5F
) P Box 1162
301 5 Flm 51
. PO, Box H40B
’Ga W. Washington St
247 lo-Fran Bidg.
PO Box 477
Professztmmi Arts Bidy,
F&4 Asylum Ave,
1312 Live Ook 5t
110 M Jlinois S
120 W, Michigan Ave,
03 W Coptiel 51

Forgus Folls, Minn,

Fling 7. Mich.. L
Fort Wayne 6, ind. .
Forr Waorth I, Tex.
Fort Warth, Tex,

Frewo 1, Colif,

Sirand Rupids 2. Mich..
Cirewnsboro, N,

Graenville, 5 €

Guifport, Miss,
Hagerstowrn, Md.

Harford 3, Conm,
Houston 1, Texas
indianapolis 4, Ind .
Jackson, Mich,
Jogksor 1, AMiss,

acksonville 2, Fla. Stotion Go-Box 48
700 E. Union St

Iohnstown, Po 241 Ooic 55
Joplin, Mo, . £.0. Box 948
220 s W, Fourth 5t

Kolamaozow, Michigan PO, Box 447

?27 Sﬁuif\ Burdick St
106 W. Fourteenth 51
1281 Hanngh Ave, RW
PO Box 5212
437 Seventh 31.
814 Michigun Notional Tower
402 First Nations! Bank Bldg.
tinrein &, Mebr,  Sharpe Bidg., 204 5 13th 5t
iistie Roek, Ark.. .. .. _. 103 W Capitol Ave.
Los Angeles 54, Calif., .. . .. F17 M. Vignes $t
Los Angeles 5, Calif, #via, & Def,
3325 Wikshire Blvd,

455 4. Fourth St

. PO Box 1464

3302 Avenus A"

P.0. Bex 1506, 682 Cherry 3t
C1A ML Carroll St

Kanses City 5, Mo, ..
Krosville 146, Tenn. .
Lake Charles, Lo, ...
Lansing B, Mich,
fexington, Ky..

Louiseille 2, Ky.
fubbook, Texgs

Maozon, Ga. . ..
Madison 3, Wise, . . .

Muonchester, MOHO .00 875 Etm S
Mediord, Ore.. PO, Box 1349, 107 E. Main 5
Memphis 3 Yenn. .. 8 N. Third 51
Miami 32, Fa. 725 S.E Second Ave.
Migwest City, Okla, | PO, Bax 5847

Avia. & Def, 207 Post Office Blig.

Mitwaukse 3, Wise, G4 W, 5. Paul Ave.
Minneapalis 3, Minn.. . 12 & Sixth St
Mobite, Ala, .. 704 Government 51
Mashville 4, Tenn.. .. ... . 1737 W. End Building
Mewark 2.8, Lo 744 Broad St
Mew Hoven &, Conan.. . .. .. ... 129 Church 5t
New Orieans 13, ta. . V837 Gravier Sh
Mew York 22, M. Y. . 570 Lexington Ave,
Mew York Avig, & Def, Fed Bidg.
isternalionol Alrport, Jomoeica 30, N Y.

riagura Fails, MY, P.O. Box F15, 44 Fall 5t

P.(3. Box 58, 229 W. Bute S5f.
Cakland 12, Calif.. ... ... ADY Thirteenth St
Oldohoma City 2, Okia.. . .. 119 M. Robinson 5t
Cimoha 2, Nebr.. _ . 409 S. Seventeenth Si
Pases, Wash. . P.O. Box 971, 824 W. Lewis 51
Peoric 2, Hi.. 309 lefferson Bldg.
Philadelphin 2, Pa.. ... .. 3 Penn {enter Plazo
Phoenix, Ariz.. P.O, Box 4037, 220 Lubrs Tower
Fittshurgh 22, Po.. . The Oliver Stdg Metlon 5.
Portland 7, Cre. . . .. PO, Box 909
2‘?29 NOW. 29th Ave.
Providence 3, R, L. ... . lIndustricl Trest Bldg.
Raleigh, N . P.O. Box 2507, 16 W, Martin S5,
Reading, Po. . . L. ... 3% M. Sixth 51
Richmond 17, Va.. ... .. ... .. £.0. Box 2188

700 E. Frankiin St
V3570 Minth St

Morfolk 1, Va. .

Riverside, Calif. |

Roonoks 5, Yo ... P.G. Box 871
¢20 5, Jefferson St
Rochester 4, M. Y., 89 E. Ave.

110 5. First 51
Rutiond, Vi, 38Y: Center St
Sacramento 14, Colif, | | 624 Forum Bldg.
Saginaw, Mich . Secand National Bank Bldg.

Rackford, i

St Louis 1, e B18 Qifive St
Salt Lake C!%y \G U?ch PO Box 779
200 5. Main 5t

434 So. Main Ave.
1240 Seventh Ave,
235 Montgomery St
4460 Park Ave,

.40 East Bay 5t
PO, Box 1858

710 Second Ave.
Seaitle B, Wash., . Avia. & Def, 220 Dawson 51
Shreveport, La.. . . ... 204 Beck Bldg,
Sioux City 13, lowse . 572 Orpheum Electric Bidg.
South Bend 1, ind.. 112 W. jefferson Bivd,
Spokene 4, Wash,. . 5. 162 Post St
Springfield, Hl.. . ... &07 £, Adoms St
Springfield 3, Mass.. . .. .. L1387 Mein S
Stockton, Calif.. ... . 11 Se. San Jooquin St
Syracuse 1, M. Y. F.O. Box 1071, 3532 lomes 54
Tacoma ¥, Wosh.. .. ... .F.O. Box 1483
!23& W ashington Bldg.
P.O. Box 3092, 1206 MNorth A Bh
Toledo 4, Ghio . . 420 Modison Ave.
Trenton 8, M. 1. ... .214 E Hanover 51
Tueson, Ariz.. .. P, Box 710 650 M. Sixth Ave.

San Antonio 5, Texos. .. ..
San Diego 1, Calif.

San Francisco &, Calif.. . |
San jose 10, Calif. . ..
Savannoh, Ga.
Seatte 11, Wash. . ..

Tampe 1, Flo,

Tulsa 3, Okia, . .320 5. Boston Ave.
Utica 2, M. Y., ... . 258 Geneses 5L
Washington §, D C TFT 144 SE, NOW
Watrerton, lowa. . . V206 W, 4th S
Wenatchee, Wash. . PO, Box &75

328 N, Wenatchee Ave.
Wheeling, W, Va.. ... ... . .40 Fourteenth 5

Wichita 2, Kan e _200 E. First 54,
Willigmston, N, C, F.O. Box 748, 115 E. Main 54,
Wortester 5, Mass. . 288 Grove St
York, Fo.. .54 N Herrison St
Youngstown 7, C}hno _272 £ Indionole Ave.

Cunada; Conadiun General Eleclrm Compuny, Lid,, Teronto

GENERAL ELECTRIC SERVICE SHOPS

WHEN YOU NEED SERVICE . . .

racandition, and rebuild your eleciric apporafus,
availoble duoy ond night, seven days © week, For work in the shaps
ar on your premises. Lotest fuctory mathods and genuine G-E renawal

1047 Central Ave,
&68 E. Highland 5t
 Midway Industrial Areq,

Albony, M Y.
Aflentown, Fo,. .
Appletos, Wise. .

PO Box BZ

Adonig-Chamiles, Ga. 4639 Peachtres
indys. Blxd

*arkunsas City, Kon. . . P2 Box 524
Baitimore 30, Md. . . 9F0 E. Fort Ave.
Bostan— Mediord 55, Mass. . IFED Mystic

Yotlay Phwy.

. . J318 Urban 56
306 Marlorkie Ave., S.E
2328 Thyift Rd

A360 W, 4T 5L

L444 W Third S5

§36 E Court 51

4966 Waodlund Ave.
Z12E Eakin Bd.

GENERAL

Buffale 11 oL Y.L
Chaorleston 28, W Va.
Cherlatte, M. C.
Chitoge 33, B
Cincinnat 2, Ohio
*Cincinngti 3, Ohio
Clevelond 4, Ohio. |
Columbus 23, Ohio . |

Thesa G.E servide shops will repair,

The facilities are

. 115 Busze 54
11351215 5. Lomar 3t
3202 Manor Way
PO, Box 630

3353 Lorimer 55

.. 5950 Third Ave.
4046 W, Sepericr St

Corpys Christi, Texas. ..
Dallcs, Texos. ..
[lallas, Tazas. .
Dovanpord, lowea
Banver, Toio. |
Detrnit 2, Mich.

Fi. Wayne, Ind,
Houston 20, Texsos
{ndianapolis 27, Ind.
Iohnstowsn, Pao, .
Eeansos Uity 20, Moo
Las Angeles 1, Calif. ..
Lowisvitle, Ky ...
idiond, Tex.. ... .
Hilwavkes 3, Wisg,

L1740 WL Vermaont 5t
CBAT Gak B8,

L3525 Gaordner Ave,
4900 Sranford Ave.
3904 Critten Dy,

3404 Bankhend Hwy.
240 W, 54 Poul Ave.
Kinnsapalis 12, Mion. 2GZ8 AT Ave, N
Hew Orisons, Lo CZB15 M Hoberison 55
Mew York—2. Bergen, N. L. 6001 Toanelle Ave.
Cakland, Calill 1525 Pevaita St

ELECTRIC COMPANY, PHILADELPHIA, PA.

(5534 Harvey Wilsen Dy

parts vre uzed to maintuin peok performance of your equipment, For
full informotion cbou! these services, contort your neorest service
shop or suiag office.

* Denotes Aircraft Service Shops

..... Ont. Wnt'l Alrport
1040 B Erie Ave.
... 6519 Penn Ave,
2PN W, I0th Ave.

. 1403 Ingram Ave,
315 Albermotle Ave., SE
.99 M, 17rh 51

... . 1115 fast R,
301 8 Seventh W, 51
10¢8 Harrison 5t
3422 First Ave,, S
3422 First Ave, 5.
A4S Railvoad Ave.

.5. 155 Sherman 5t
PO, Box T245

435 Deorborn 51,

. 54 M, Harrison 51
#7% E. indionole Ave.

@

*Cintoris, Calif. R
Fuilade!phia 24, Po.. ... ..
Pittsburgh &, Pa, .
Parfland 1G, Cregon
Richmond 24, Va.
canoke 7, Va.. ..
Saeramantn, Cabi,
B louis 10, Mo .
Salt Lake City 4, Uteh
San Francisce 3, Colifl
Seattle 4, Wash. . .
*Seattle 4, Wash. .
Sauthingtan, Tonn.
Spokuns 3, Wash,
Tampe 1, Fla. .
Toleds 4, {Jaio .
Yorx, Pa.. ..
Youngaiown 7, Ohso e
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