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PHASE-COMPARISON CARRIER-PILOT RELAY
TYPE EDD

INTRODUCTION (SECTION A)

The Type EDDrelay is aphase comparison re-
lay designed primarily to provide instantaneous
differential protection for transmission lines,

Ay APPLICATION

These relays are protective devices used to
close trip circuits whenever apredetermined. value
of internal fault current is reachedon transmission
lines with up to 35 decibels attenuation to the car-
rier current. '

Protection is provided for two-ended trans-

migsion lines, with or without tapped loads, pro-

viding the conditions described in SECTIONS Hi
and H2 are met.

In some cases this relay may be used forthree-
ended lines. The Type EDD relay hastiwo 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 ratioc mentioned previously,
raises the minimum tripping level. _

Applications requiring zero-sequence excita-
tions for ground faults on three-ended lines need
special consideration.

Provisions are incorporated inthe phase-com-
parison relay for its use with directional-compar-
ison relays. This application is for medium and
longer length lines, where distance-iype relays may
be used toadvantage for phase relaying; while, be-
cause of mutual induction with parallel lines, the
?h\?ﬁ e-comparison relay will be selected for ground

aults.

As an auxiliary service the phase-comparison

relay may be used for telemetering or supervisory

control.

Az RATINGS
ASRELAY

The_ratings of the phase-comparison relay are
given In Table 1.

A4 1A RGET-SEAL-IN ELEMENT

The 2~ampere tap has a d-c resistanceof 0.13
ohms and a 60 cycle impedance of 0.53 ohms, while
the 0.2 ampere tap has a 7 ohm d-c resistance and
a 52 ohm 60 cycle impedance, The tapsetting used
on the seal-in element is determined by the current
drawn by the trip coil,

"[D~c¢ conirol circuit, max,

TABLE I

'PHASE COMPARISON RELAY RATINGS

Current circuits, continuously, 5A, 60 cycleé
Phase current cfrcuits, 1 sec, 2004, 60 cycles
Phase current circuits, max,

RMS phase-to-phase 500A, 60 cycles
Ground current circuit, 1 sec, 200A, 60 cycles
Ground current circuit, 300 X tap

max, RMS setting
D~c control circuit,

" continuously 129 (or 258) V.

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

~ The 0.2 ampere tap is for use with trip coils
that operate on currents ranging from 0.2 to 2.0
amperes at the minimum control voltage. If this
tap is used with trip colls requiring more than 2
amperes, there is a possibility that tke 7 ohm re-
sistance will reduce the current to so low 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 at the maximum control voltage,
H the tripping current exceeds 30 amperes, an aux-
iliary relay should be used. The connections should
be such that the tripping current does not pass
tl;rought the contacts or coil of the target-seal-in
element,

TABLE I

' SEAL-IN ELEMENT RATING
o ﬁMPERES AC OR DC
~Amp Tap 5.2 Amp Tap|
FUNCTION (0.13 Obm) | (7 Ohm)
‘Tripping Duty 30 5
Carry Continuously 4 0.8
A5 CONTACTS

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

Ag A-C TEST SOURCE

- The 15 second rating of the a-c test source is
3.5 amperes for two-ended lines, and 6.5 amperes
for three-ended lines.
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BURDENS
The relay burdens are given in Table III,
TABLE If
FAULT CT BURDEN-OHMS
Phase Fault Z R+j X
Any CT 0.15 42 0.114j 0.1
Tap R+j X
GROUND | (Mult. by) :
FAULTS| 2.0 0.23 é& 0.2243 0,07 |
(Burden 0.67 0.33 6 0.26+j 0.20
of 0.47 0,40 44 0.294) 0.28
highest 0.33 0.52 0.334] 0.40
phase) 0.23 0.74 58 0.38+} 0.63
0.17 1,18 /66 0,474 1_.08

Ag LOADS IMPOSED BY RELAY

The continuous load imposed by the relay on
the d~¢ source {129 or 259 volts) is 0.8 amperes.

NOTE: This 0.8 ampere does not include the
current drawn by the associated carrier-current
equipment,

During tests andadsustments, the load imposed
on the a-c test souree is 3.5 amperes ior two end-

ed lines, and 6.5 amperes for three-ended lmes at
115 volts 60 cycles.

RELAY RANGES

The settings of the relay, except for zero-se-
quence excitation, are continuously adjustable in
their ranges. Zero-sequence excitation is set by

taps. Thesetting is thetap marking times the pick-
up of the relay for phase-to-phase faults.

TABLE IV
TYPE OF CURRENT TRANSFORMER SEC-
FAULT ONDARY AMPERES FOR
. TRIPPING
2-ended lines | 3-ended lines
: Normal | Min. | Normal | Min.
5 Phase 8 5.3 16 10
|Phase~to-phase | 3 2 6 . 4
-Phase~to~ground4 6 4 12 8
Phase-to-grownd | 0.5~2.0]0.33 Refer to the
with zero seq. General Electric]
excitation ** Company
MAX. LOAD 5 3.3 b 3

*This phase-to-ground current in the network unit
contains no effect of the zero-sequence-compo-
nent,

**C-T secondary amperes, with single-end feed
and no grounding transformer on same side of
relay as the fault,

To obtain correct operation of the Type EDD
relay on three phase faults, the ratio between the
p{lase*iault detectors and FD-H pickup must be kept
al 4 to 3.

The phase-shifter settmgs are adjustable from
0 to 24 degrees., The extreme counterclockwise
position of the phase-shifter rheostat isthe Odegree
setting.

I settings beyond those given in Table IV are
required, refer to the General Electric Company.

RECEIVING, HANDLING AND STORAGE (SECTION B)

These relays when not included as a part of a
control panel, will be shipped in cartons designed {o
protect them’ against damage, Immediately upon
receipt of a relay, examine it for any damage sus-
tainedin transit., If injuryor damage resulting from
rough handling is evident, file a damage claim at
once with the transportation company and promptly
I(l)(;;ify the nearest General Electric Apparatus Sales

ice

Reasonable care should be exercised in un-

_ packing the relay in order that none of the parts

are injured or the adjustments disturbed.

I the relays are not to be installed immed-
iately, they should be stored in their original car-
tons in a place that is free from moisture, dust
and metallic chips. Foreign matter collecfed on
the outside of the case may find its way inside
when the cover is removed and cause trouble in
the operation of the relay,

nzscmpnon (SECTION C)

The relay consists of a network unit, tripping
unit, two test switches (RTS and CTS) d-c test
equlpment and a-c test eguipment, Thé network
unit, Fig. 1 contains, in an L2 case, a negative-
phase-sequence network, three phase—overcurrent
relays, a voltage amplifier, and faulf detectors,
low (L) and high (H). The tripping unit, Fig. 2
contains, in a special L2 case of 23 siuds, a power
ampli.fier RC phase shifter, and five telephone-
relay elements. The d-c test equipment, Fig, 3 is

composed of a telephone jack mounted with assoc-
ciated parts. The a-c test equipment, Fig, 3, con-
sists of two tapped resistors, a tap sw1tch ‘rheo-
stat, relay test switch, and voltmeter.

RELAY TYPES

The Type EDDI12A relay, Fig. 3, is arranged
for panel mounting,
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GEI-33857 Type EDD Phase-Comparison Carrier-Pilot Relay

The Type EDDI2B relay s similar to the Type
EDDI12A relay, except it iz assembled in a sub-
panel for mounting in a carrier-current transmit-
ter-receiver cabinet as shown on the cover.

Co CASE

The L2 case is suitable for either surface or
semiflugsh panel mounting, and an assortment of

- hardware is provided for either mounting. The

cover attaches to the case and alsocarries the re-

set 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 made through spring backed contact fin-
gers mounted in stationary molded inner and outer
blocks between whichnests a yemovable connecting
plug which completes the circuits. The outer blocks
attached to the case, have the studs for the extern:
connections, and the inner blocks have the termi-
nals for the internal connections.

The relay-unit mechanisms are mounted in a
steel framework called the cradle and is a complete
anit with all leads being terminated at the inner
block, This cradle is held firmly in the case with
a latch at the top and the bottom and by a guide pin
at the back of the case., The case and cradle are
so constructed that the relay cannot be inserted in

1

the caseupside down, The connecting plug, besides
making the electrical connections between the re-
spective 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 is first
removed, and the plug drawn out. Shorting bars are
provided in the case to short the current trans-
former circuits, The latches are then released,
and the relay unit can be easily drawn out. To re-

_place the relay unit, the reverse order is followed.

A separate testing plug can be inserted inplace

of the comnecting plug to test the relay in place on.

the panel either from its own source of current and
voltage, or from other sources, Or, the relay unit
can be drawn out and replaced by another which has
been tested in the laboratory.

C3 SEAL-IN ELEMENT

‘The seal-in element, Fig. 25, has its coil in
séries and its contacts in parallel with the trip
telephone-relay element contacts. When the main
trip coniacts close, the seal-in element picks up
and seals in. When the seal-in element picks up,
it raises a target into view which latches up and
remains exposed until released by pressing a but-

ion beneath the lower left corner of the tripping

unit,

INSTALLATION (SECTION D)

LOCATION

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

MOUNTING

The relay should be mountedon a vertical sur-
face. The outline and panel diagrams are shown in
Figs. 30, 31, and 32 for panel mouniing, and Fig,
33 for cabinet mounting.

CONNECTIONS

The internal connection diagrams for the var-
ious relay types areshown in Figs. 4, 5, and 6. An
elementary wiring diagram is shown in Figs.16to
21, inclusive. The external panel connections ar
shown in Fig, 7. ‘

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

INSTALLATION TEST AND

The following has been put in an abbreviated
form to facilitate its use. For a detailed explana-

10

The d-c supply consists of two sources which
are arbitrarily designated"earrier d-c" and"switch-
gear d-¢". These two circuils are kept separate in
order to minimize the amount of equipment con-
nected through the trip-circuit fuses, and to main-
tain correct polarity on the electronic circuits while
accommodating the polarity of existing trip cir-
cuits.

The signal-alarm circuit should be fused sep-

arately from the “carrier d-~c" supply, as one of -

the functions of this circuit is to detect the loss of
the "carrier d-¢'" supply.

The a-c¢ voltages, which supply currents for
the a-c test equipment, must be in phase with each
other at thetwo ends of the line with one side ground-
ed as indicated in the elementary diagram, Fig, 17.

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,

ADJUSTMENTS (SECTION E)

tion of the relay operation, see PRINCIPLES OF
OPERATION (SECTION G).

Q




Type EDD Phase-Comparison Carrier-Pilot Relay GEI-33857

11 13 15 17

T I ARRERE

Ox

— T
R-24] | FD-H §>! R-231 g
] 1 v
y | O 45 < : 3
CKZl KE:__q, FD-L 2 2
-20
= o ('L7ﬁ_ v-203 12
T : n
—s "J\\ Y204 6
j I c-—20|6 R
FO=H 2
. EJ 3
___ FD-H &
! .
! FD-L.
ﬁ O ry 21
i
L————-{. 22

s
@. 4 (K-655614289)

ak
é—\L

! 2 . 6 8 : 10

Dﬁ o ' _ *® = SHORT FINGER

Fig. 4 Internal Connections For The Type EDD Relay {Tripping Unit)

11



I

'GEI-33857 Type EDD Phase-Comparison Carrier-Pilot Relay

11 13 1 19

1p o
©)
R ¥ | EE e 20
"'i \ _1\ /t NOATTA A

S M

I

K
A 201 R %t
5§15 28
R
222\ 19 oll 1|8
SN V202 2
FD-1 ,.{ P—q R R
. b |> %—l . ;—? 2 2 8
g . 8
i

7

o b N

| R=22
g R-227 R=224
T=202 ED-1 u

 Fp=2 ‘ Re22]

FO=3

\/“1:;§V
3

O

6 8 ) 10

L

= SHORT FINGER

Fig. 5 Internal Connections For The Type EDD Relay (Hétwork.Unit)

12

S=201

N

Je201

FQ
o,
=z

<

G & (K=BSERR2NY

<




g 5 (K-6556430)

-

k.

~

&

Type EDD Phase-Comparison Carrier-Pilot Relay GEI-33857

NOTE: Testsare for 2-ended lines using nor-
mal settings given in Table V.

1. Make all tests on the transmitter-receiver unit
insofar as 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 adjusiments have been made on both
transmitter-receivers, perform tests, SEC-
TIONS E13 to E23.

4, Perform tests, SECTIONS E24 toE2g if desired,
or if there is reason to guspect that factory
settings have been changed.

. NOTE: Disconnect the tripwires from termi-
nals 11T and 12T of the tripping umit.

E1 D-C POLARITY (CHECK)

1. Cabinet mounting terminals K14 (+) and X3 (-).

2. Enge(l -»*j:ﬂounting =~ tripping unit studs 14T (+)and

Eg TARGET TAP (SET)

TRIP COIL: CURRENT
(MIN., CONTROL VOLTAGE) | TAP SETTING

0.2 to 2 amp. 02
2 to 30 amp, 2

CAUTION: Tighten ascrew in the desired tap
before removing the screw from the other tap,

Spare screws may be cbtained from the left-hand

stationary contact,

E3 TRIP CIRCUIT (CHECE)

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

jumper terminals-J7-and 39, then J7 and J10.-

Battery voitage should appear across terminals
J8and J9, then J8 and J10, respectively. (Break-
er should irip, if trip coil is connected to J9
or J10.) For panel mounted relay, jumper ter-
minals 1T and 11T, then 1T and 12T on the trip-
ping unit. Voltage should appear across 11T
and 20T, then 12T and 20T, _

2. Manually operate the tripping relay, marked T,
and observe the same results.

E4 ALARM CIRCUIT (CHECK)

1. Remove carrier fuses, then see that contacts

of the signal alarm element (SA) ring the prop-

er alarm. Replace carrier fuser.

2. I desired, disconnect alarm leads at the relajr.

for remainder of installation tests,

Es TEST SOURCE CURRENT (SET)
Eg Iype EDD12A Relay

' 1. Place external ammeter in series with a-c test
source.

2. With the relay test switch turned to the "IN
position, hold the volimeter at 100 volts by
means of the tap switch and the rheostat while
selecting the proper turn of R-204 on the untap~
ped section to obtain 3.4 to 2.5 amperes*,

3. Turn the relay test switch to the"QUT" position,
Holding the voltmeter at 100 volts by means of
the tap switch and the rheostat, adjust the cur-~
rent from 2.3 to 2.4 amperes** by selecting the
proper turn of R-204,

4. Returnihe test switch to "OFF" position.

. *6.4to 6.5 when used for three~ended lines.
#%2.4 {0 2.5 when used for three-ended lines.

En Type EDD12B Relay

The a-c¢ network unit in this relay has been
preadjusted at the factory to draw the same current
as the Type EDD12A relay when the voltmeter is
sef at 100 volis by means of the tap switch and
rhieostat as outlined for the Type EDDL2A relay.

The factory adjusiment is for two-ended lines
with normal relay settings.

Eg PHASE-FAULT DETECTOR (SET)

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

2. Insert drawout test plug, connected as shown in
Fig. 8, in the bottom of the network unit.

3. Applycurrent between terminals 5 and 9 on re-
lay side of test plug. All three fault detectors

. should be dropped out at 5.7 amperes and pick-
ed up at 6.3 amperes. (Increasing from zero.)

4. Adjustiment may be made by turning the knurled
armature A shown in Fig. 24.

5. H any contact adjustment seems advisable, it
should be made in accordance withSECTION J3.

6. Return test switches to "NORMAL' pogition,

Eg CT CONRECTIONS (CHECK)

1. This check requires line current. If the line
is not im service, or if the load current is too
small, it is sometimes possible to apply.a three-
phase short circuit at one end of the line and
then build up a machine at the other end to full
load current,

2, THESUMOF THE CT SECONDARY CURRENTS
MUST ADD UP TO ZERG. This may be checked
by placing anammeter inseries with each phase

13
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CAUTION: RELAY TEST SWITCH MUST NOT BE
TURNED TO ®NORMAL® POSITION WHEN THIS
CONNECTION |S USED.

|
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|
Lo d

|
s !
[ S 4
. l PHASE I
2= -
olo R
2 hagliy) P ) | PMASE l
| 3-1 08 L] {
| Foy,2
TR I I N
BOTTOM TEST PLUG L3 H
E% » 115 v,
60 LY.

FAULT DETECTOR ®1CK—UP, PHASE-TO-PHASE TRIP POIKT,
PIEKsUP AND DROP=QUT PHASE FAULT DETECTGRS NETWORK
URIT L-b418096.

CUTER CIRCLES REPRESENT STUD CONKECTIONS (RED!
INNER CIRCLES REPRESENT RELAY CONNECTICNS [BLALX}

Fig. 8 Drawout Test Plug Connections For Phase-To-Phase Pickup Check

connected from line side to relay side of a
drawout test plug which may then be inserted
in the bottom .of the network umit. The three
phases are terminals 5, 7, and 9, and the neu-
tral is terminal 3. All terminals must be con-
, . N nected from line side to relay side.

a__s|d 7 i .
e @ ' @ ' 3. The current must have the phase sequence shown
- ‘ by Fig. 10. Apply an a-c voltmeter of 1000 chms

per volt across the tripping unit terminals 3T
and 20T, or cabinet terminals K3 and J11. The

should give a voliage reading of less than 15

\_ J volts, and will not pick up FD-L. Incorrect
phase sequence will give a reading from 270

BOTTOM TEST PLUG to 330 volts. Check the results by applying re-
REVERSED PHASE SEQUENCE TEST verse phasé-sequence currents by means of a
NETWORK UNIT L-BHI8096 - drawout test plug, connected as shown in Fig, 9,
uuw(aﬂgwcms REPRESENT STUD CONNECTIONS inserted in the bottom of the network unit. I
' connections are not correct, correct them at

‘“"ﬁ“,,f;gﬁ%“ REPRESENT RELAY CORNECTIONS network unit terminals 3N, S’N, 7N, and 9N for

panel mounted relays, or terminals J1, J2, 33,
: and J4 in cabinet mounted equipment.
Fig. 9 Drawout Test Plug Connections For . :
Reverse Phase 3Sequence Test E10 HEATER ADIUST:M_ENTS, NETWORK UNIT (SET)
. 1. Plug the test cord into the milliammeter jack
and noting their equality, then in the neutral and and into the network umit jack. Turn selector
observing no current. The ammeter may bé switeh in the unit to "HEATER".

. correct phase sequerce, with sufficient current
e . @ : applied to pick up FD-1, on incorrect sequence,
2 y :
& B 0

2

(k- 6656628) .

Fig-

ﬂ:r}

Fig. @ (x-6566528) Sh. 5

.



O

)

. | ﬁf\
I : J
s ol B

\‘-.,

Fig. 8 (K-6556528) Sh. 2

0O

- 3.
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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 214A to give 128~130 volts across stud

14T and stud 20T of the tripping unit. Make
these two adjustments alternately until both
current and voltage are correct,

' £11 HEATER ADJUSTMENTS, TRIPPING UNIT (SET)

1. Plug the test cord into the milliammeter ja.ck_

and into the tripping unit jack, Turn the seleec-
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 276 to 281
milliamperes. It may be necessary to repeat
the adjusiment under SECTION E1qg and then
SECTION Ej1 to obtain the correct values of
heater current in both the network unit and

tripping unit.

Ej3 POWER AMPLIFIER PLATE CURRENT (CHECK) |
1.

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

The milliammeter should read 35 to 50 milli-
amperes when FD-L is pickedup byhand at 129
volts d-c bus potential,

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

£13 SIGNAL ALARM AND COMPARER PLATE

T
P

(k-6656528) Sh. 5
b

" Fig. 9

11,

CURRENT (SET)

Close grounding switch on carrier tré,nsmitter;‘

. Adjust battery voltage within 2% of normal.
. Bet carrier test switch te "RECEIVE" and relay

test switch to "OFF" position.

. Plug test cord into milliammeter and tripping

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 R47 fully counterclockwise.
. Adiust R38 until signal alarin current is just

below 0.5 milliampere. '
Set 510 to right-hand position.
Turn R47 fully clockwise and then adjust count-

erclockwise until a point is found where signal-

alarm current just begins to drop.

. ThenadjustR38 for between 5~6 milliamperes in

comparer as read at relay unit in trip condition.
Be sure RA47 is set so that signal alarm current
drops to less than 0.5 milliampere onrceipt of
continuous carrier,

Open grounding switch on carrier transmitter,

5.

i 2. Remove the coverplate from R-230, then move E1i4 SIGNAL ALARM CURRENT (CHECK)
1,

Turn local carrier test switch to "SEND" and
relay test switch to "OFF".

. Plug test cord into milliammeter and tripping

unit and set selector switch to"SIGNAL ALARM".

Milliammeter reading should be 0.5 milliam-
pere, or less,

. Turn local carrier test switch to "RECEIVE"

and have remote carrier test switch set on
"SEND,

{\/Iilliammeter should read 0.5 milliampere, or
ess, -

E15 RESERVE SIGNAL (SET)

. L

2.

3.

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

Have remote carrier test switch turned to
"SEND'. '

Perform the following operations on the trans-
mitter-receiver unit: Depress button 5-11 {or
turn local carrier test switch to "TEST") and
adjust R29 to give a current of 1 to 3 milliam-
peres, measured at the signal alarm current
jack (J4). Record the current reading and re-
sistor setting for future comparison.

. Note that this setiing should be made only when

transmission conditions are normal. Current
will inerease as transmission efficiency is de-
creased by sleet, etce. '

E1g PHASE SHIFTER (SET)

NOTE: For lines of length up to 50 miles the

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

1,

Determine degrees of lag of carrier-current
signal due to the time of propagation from one
line end to the other. The approximate lag per
100 miles of open line is 12 degrees.

. Turn both relay test switches to "IN

. Turn phase shifter to 0 degree phase shift (ex-

treme counterclockwise position).

Use calibrated phase shifter to supply a signal
of about 125 V. a-c between P9 and P10, after
first blocking the "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
shifter, in a lagging direction, the number of

degrees calculated in 1.

. Adjust phase shifter of tripping unit for mini-
~mum comparer tube plate current. Lock phase

ghifter control in place by means of the locking
nut.

17
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 E17 PHASING OF TEST SOURCES (CHECK)

1. ¥ a cathode ray oscilloscope is available, con-
nect its vertical input between the ground and
line terminal of the transniitter receiver.

9. Turn relay testswitches at bothends of the line

to MIN", Oscilloscope should indicate approxi-
mately 0 degree phage displacement between the
local and remote signals,

3. Turnrelay test switchat one end of lineto"OUT",
other end to "IN". Oscilloscope should indicate
approximately 180 degrees displacement,

4. Hoscilloscope patterns are considerably differ-
ent from 0 to 180 degrees, the voliages at the
two ends are from different phases. In this
cage, substitute either of the other two phases

of the a-c test source at one end of the line at.

terminals M5 and M6. Repeat phasing tests.

. 5. Ioscilloscope isnot available, plug thetestcord
into the milliammeter and {ripping unit, and

* turn switch to "COMPARER'.

6. Milliammeter should read approximately & mil-
~ llamperes with the relay test switches in like
" positions, or 0 to 0.5 milliamperes when the
gwitches are in opposite positions. ' C

7. I thedifferencebetween thetwo readings isless

than 4 milliamperes, the test voltages at the two
ends are from different phases. In this case,
proceed as indicated in 4 above. '

E1g COMPARER PLATE CURRENT (CHECK)

1. Record the comparer plate current with the re-
lay test switches at the two ends of the line in’
the same position ('IN" or"OUT") (Approximately
6 ma. See SECTION E1g). C .

2. Repeat with the switches in.oﬁpos'ite 'po_sitions

(0 to 0.5 ma.).

3, Repeat with the local relay test switch on "IN

and the remote relay test switch on "OFF", The
plate current should be approximately ¢ milli-
amperes, - _

NOTE: Comparer-plate current will vary with '

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

Eyg CT PHASE AND POLARITY (CHECK)

1, CURRENT IDENTIFIED AS PHASE 1 MUST
COME FROM THE ENDS OF THE SAME LINE
AND ITS POLARITY MUST BE THE SAME
WITH RESPECT TO EACH STATION BUS.

- 9. Insert a drawout test plug, connected as shown
in Fig. 12, in the bottom of the network unit at
each end of the line, -

20

Y S -
3 5 7 9,
I@
PRPOE
€

N

S

BOTTOM TEST PLUG
PHASE | CURRENT ONLY
NETWORK UNIT L-B84%1B8098

DUT%EECDI}RCLES REPRESENT STUD CONNECTIONS

* INNER CIRCLES REPRESENT RELAY CONNECTIONS
- {BLACK)

_ Fig. 12 Drawout Test Plug Connections For

- Phase One Current Only

. I a cathode ray oscilloscope is available, con-

nect its vertical input’ between ground and the
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 at the other end.

. 1f an oscilloscope is not available connect a
. phase angle meéter to indicate the angle between

phase 1 current (at the tesi plug) and the test
source voltage. (This implies comipletion of
tests in SECTION E1g 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.

. I this test indicates a displacement at the two

ends of 80 or 300 degrees, it will be necessary -
togive the three CT Ieads onone relay abarrel-
roll forward or backward, maintaining the same

.sequence that has already been determined to

be correct in SECTION Eg. I a displacement
of Odegrees ig indicated, it will benecessary to
reverse the secondary connections to eachof the
three CT's at one end of the line, If the dis-
placement is 120 or 240 degrees, it will benec-
essary to make both of the above changes.

E2¢p PHASE-TO-PHASE BLOCKING POINT (SET)
1. Turn relay test switches at both ends of the line

to "OFF". Plug the test cord into the milliam-
meter and tripping unit, and switch to Fault
Detector-Low (FD-L). o

Insert a drawout test plug, connected as shown

-in Fig. 13, in the bottom of the network umit.

Turn the local relay test switch to "IN". Grad-
ually decrease the test resistance and note the
current at which FD-L picks up; this should be
between 1.9 and 2.1 amperses. _

If the pick-up current is incorrect, adjust the
FD-L rheostat, R-209 and R-210.

I
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_J CAUTION: RELAY TEST SHITCH HUST NOT BE
5 © TURNED TO "HCRWMAL" FOSITION WHEN THIS
CONNECTICHN IS DSED. :
—_
[e2]
o /
1= 38
i, I 3 5 7 g R
Tl e e
e ApRE
(e
d OJOINJOIE
La L & 8 1o )
[{]
. BOTTOM TEST PLUG
= PHASE-TC-PHASE PICKUP WITH
TEST RESISTOR, NETWORK UNIT
— L-64iB0BE. . _
o OUTER CIRCLES REFRESENT STUD CONNECTIONS {RED)
o INNER CIRCLES REPRESENT RELAY CONNECTIONS (BLACK)
[T
w
w
=
S
- Fig. 13 Drawoul Test Plug Connections For.
= Phase=-To-Phase Pickup
= ;
- 4. Record the pick-up current and the FD~L plate

current.

Eg1 PHASE-TO-PHASE TRIP POINT (SET}

{ 1. Turn the local relay test switch to "IN'. Record

‘ : the tripping unit output voltage (K3 to J11 or

\ studs 20T to 3T of the tripping unit) and the
tripping voltage (K10 toX11 or studs 10T to 16T),
using ana-c volitmeter of 1000 ohms per volt or
more, :

=
A

" 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". Grad-
ually decrease ihe test resistance and note the
current at which the test lamp lights. This
should be between 2.9 and 3.1 amperes,

I the pickup current is incorrect, adjust the
FD-H rheostat, B-221.

Record the pickup current and the FD-H plaie
current,

E23 GCROUND CURRENT PICKUP (SET)

: 1. Calculate ihe tapsetting requiréd as outlined in
: SECTICON Hg.

Turn relay test switch at both ends of line to

"OFF", then make proper tap setting in the net- -

work unit.

E23 OUTPUT VOLTAGE AND SIGNAL STRENGTH
{(RECORD)

1. Turn the local relay test switch to "IN". Re-
cord the tripping unit output voltage (X3 to J11

Type EBD Phase-Comparison Carrier-Pilot Relay GEI-33857

or studs 20T {o 3T of the tripping unit) and the
tripping voltage (K10 to K11 or studs 10T to
16T), using an a-c voitmeter of 1000 ohms per
volt or more,

Record received signal voltage (measured be-
itween terminal 3 of tube V9§ of the receiver and
terminal R1) with the remote relay test switch

. on "IN" and the local relay test switch on "NOR~-:
MAL", using a voltmeter of 1000 chms per volt
or more, Record also the RF current at the re-
mote station.

. Turn both relay test switches to "NORMAL",
Record the signal voltage, (as in 2 above) first
while pushing the local button"311" in thetrans-
mitter, then while the remote button "$11" is de-
pressed,

Es4 TRANSIENT BLOCKING; RB (CHECK)

Set up the following conditions:

1, Relay test switches at both'ends of the line in

. the "OFF" position, C

2. Seal-in unit of tripping unit set on 0.2 ampere
tap (temporarily). See SECTION Eg for proced-
ure.

3. 25 watlt incandescent lamp (temporarily) across

*  studs 2T and 11T of the tripping unit.

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

Then turn the relay test switch to the "IN' posi~
tion so that FD-H picks up, and see that RB has
sufficient delay so that it does not open its contacts
before T picks up. H the proper time relation ex-
ists, the seal-in unit 81 will pick up and sexzl in ap-
parently instantaneously, and the incandescent lamp
will light. If the relay requires adjustment, refer
to SECTION J15 of this book.

" E25 GROUND-CURRENT PICKUP (CHECK)

© With the relay test switches in the "OFF”posi-
tion, apply 80 cycle current to the network umit
through a drawout test plug connected according
to 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 timer FD-H pickup.
Phase 2 gives the highest pickup, so no check is’
. mecessaryon phases 1 or 3. Tap values are mulii-
pliers of the FD-H relay element pick-up setting.

E26 NETWORK BALANCE (CHECK)

With the relay test switches at bothends of the
line in the "OFF" position, and with the milliam-
meter switched to "FD-H", apply 60 cycle test cur-
rent to the network uuit with connections as shown
in Fig. 8; and see that the relay marked FD-H in
the tripping unit is dropped cut at 2.5 amperes
Increasing frcmm zero, and picked up at 3.2 am-
peres, Pickup is the current at which the tripping
unit lights the amber lamp,

21
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CAUTION: RELAY TEST SWITCH MUST NOTY
BE TURNED TO PNORMAL® POSITION WHEN
TH1S COWMECTION 1S USED,

GOTTOM TEST PLUG

i 115 v. 1§
I 6o cvc. ]

— e e e oe e A G e — ———

ELEMENTRAY
CONNECTIONS

PHASE 1 _.J j
PHASE 2 -

PHASE 3

PHASE TO GROUND PICK-UP NETWORK UNIT t-6418098

OUTER CYNCLES REPRESENT $TUD CONNECTIONS (RED)

INNTER CIRGLES REFRESENT RELAY CONNECTIONS (BLACK)

Fig. 14 Drawout Test Plug Connections For Phase-To-Ground Pickup Check

This trip point should be checked with each of

‘the three drawcut plug connections indicated on

. Fig. 8. All three should be alike within 0.3 am-

pere, H the difference is excessive, the network

should be rebalanced in accordance with SECTION
J2.

Egy THREE-PHASE TRIP PONT (CHECK)

,The three-phase trip point may be checked by
means of a balanced (+ 2 V) external three-phase

test source and two load boxes, with the relay test

switches in the "OFF" position at both ends of the
line, Two ammeters (I{O or 15 A scale) are also
necessary, rather than one, unless the voltage of
the test source is steady. Fig. 15 shows the prop-
er comnections, including the drawout test plug o
the network unit, ,

22

Since the operation of the relay depends on the
phase sequence, the test results will be correct only
if the connections beiween the test source and the
relay aresuch ag to provide proper phase sequence
ai the relay. To check this, set both currents alike

at 4 to 5 amperes andread the current in the ¥D-H,-

first with the connections as originally made, and
again with one pair of leads reversed at the test
source. - Use whichever ccnnection gives zero on
the milliammeter. :

If two ammeters are being used, open phase 2,
set I at 7.5 amperes, and read I3. Compare the
reading of Ig with the 7.5 ampere reading of I3, to
determine how much toadd or tosubiract from any
reading of I in that range in order fo reduce it to
the same basis as Ij. '

e

2=

bl

£

14+ (K-6556528Y Sh. 3
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Fig. 15 (K-6556528) $h. U

- Block open all three normally closed contacts
of FD-1, FD-2, and FD-3 in some way which will
not allow them to come unblocked when the relays
pick up.

After checking the phase sequence and the am-
meter calibrations, and blocking the phase fault de-
tector contacts open, set I at the {rial value of 7.5
amperes and I at 4 amperes. The amber lamp going
on or off during these adjustments does not indicate
the three-phase trip point, but it should be off when
the 7.5 and 4 ampere values have been obtained,
Increase Iguntil the' red lamp lights, apply the cor-

@ rection found with phase 2 open to reduce it to the
same basis as Iy. Then average the corrected -

value with the original trial value of Iy (7.5 A) to
obtain a new trial value, '

Reset I3 to this new trial value, increase Ig
from 5 amperes until tripping occurs. Apply the
correction, and average the new corrected value of
Iy with the present value of I1, toobtain a new trial
value of Iy. '

of Iy equals the latest trial value of Ij within 0.1
ampere. This is the positive-phase-sequence pick-
up, or the three-phase trip point, and it should be
T to 8 amperes, H this requires adjustment, see
SECTION T4 of this book.

@ E2g THREE-PHASE LOAD (CHECK)

With a three-phase balanced load on the line,
of about the maximum value, the current read with
the selector switch in the "FD-H" position is zero.

Repeat this process until the corrected value |

Type EDD Phase~Comparison Carrier-Pilot Relay GEI-33857
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CAUTION; RELAY TEST

SWITCH MUST NOT BE

TURNED TO "HORMAL"

FOSITIOW WHEN THIS CONNECTION

18 USED

BOTTOM TEST PLUG

3-FPHASE TEST SOURCE DESIRED PHASE SEQUENCE 1-2-3

3-PHASE TRIP POINT NETWORK UNIT L-64180088

CUTER CIRCLES REPRESENT STUD CONNECTIONS {(RED)

INNER CIRCLES REPRESENT RELAY CONNECTIONS {SLACK)

Fig. |15 Drawout Test Plug Connections For
Three-Phase Trip Point Check

NOTE: Reconnect the trip leads to terminals
11T and 12T of the tripping unit.

OPERATING CONDITIONS (SECTION F)

F1 POWER SUPPLY

It is expected that the normal voitage of a 60~
cell or 120-cell batiery will be 129 or 258 volis,
with a normal variation of plus or minus 5 percent,
On overcharge pericds, the voltage may rise to 140
or 280 volis; and occasionally on heavy loads, it
may fall to 100 or 200 volts for one or twoseconds.
This latter condition is satisfactory for the opera-
tion of the tube heaters, which have sufficient ther-
mal storage to operate for a few seconds at full
cutput, During the overcharge or "equalization"
period, the tube heaters will be operating slightly
above normal current, which will reduce their life

if centinued over long periods. Ii is recommended

that the maximum battery voltage on overcharge

Fo

periods be limited tb 140 or 280 volts.
" TEMPERATURE

This eguipment is designed for operation in
- ambient temperatures of ~20C to 40C.

Temperatures above 40 C may accelerate the
formation of a cloudy deposit on the cover, con-
tacts and bearings. This comes principally from
the insulating materials, but does not indicate any
significant deterioration of these materials, The
-deposits may be washed off the cover with soap
and water. The rate of formation of the deposit
wfifll decrease as the volatile eleménts are driven
off .

'PRINCIPLES OF OPERATION (SECTION G)

— G1 OPERATING PRINCIPLE

3 All carrier-pilot relaying systems utilize the

carrier channel to transmit information from one

end of the line to the other, This transmitted

- data is fed to a measuring element at each end

which compares the corresponding conditons at
the two ends. See Figs. 27 and 28.
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_ In directional-comparison carrier-pilet re-
laying, the conditions compared are the contact
ositions of directional relays, In phase~compar~
on carrier-pilot relaying, the conditions com-
pared are the phase positfons of two composite

" yoltages, each derived from the three line cur-

rentg at its end of the line, If these two composite
voltages are iIn phase, the two comparisons per-
formed simultanecusly st the two lineends indieate
an internal fault. Tripping thenotcurs at both ends
simultaneously, assuming currents greater than
FD-H pick~up value are flowing intc both ends.
I the two compogite voltages are 180 deﬁrees dif-
ferent in dléhase, the comparisons performed at

during alternate half eycles both in-
dicate an external fault. Then tripping, which the
relays would perform In the absence of a signal
for comparison, is blocked.

The phase comparisens are performed by
placingthe local andreceivedvoltages or the screen
grid and control grid respectively ¢f a vacuum
tube called the COMPARER. When the local volt-
age swings the screen grid positive, the tube will
conduct plate current and cause tripping, unless
it is blocked by the presence of a received nega-
tive voltage on the conirol grid during the same
half cycle of time. Since lack of a signal from the
remote terminal permits tripping, correct opera-
tion (tripping) is also obtained for an internal fault
fed frcm one end only. .

Cost prevenis the use of more than one car-
rier channel for relaying a given line, No single
directional relay is known which will respond cor-
rectly to all conditions of phase and ground faults
in the presence of load currents. in the direction-
al-comparison systems, it has been necessary to
derive a single directional indication at each ter-
minal by combining the directional indications for
phase and ground faults, or to give ome of these
precedence over the other, '

Similarly, in phase-comparison relaying, cost

prevents the use of three separate relay wmits and -

carrier channels for the three-phase conductors,

Because of this, the currents of the three phases

are combined in a network designed to produce an
output voltage for comparison for any typeof fault.
In order to permit good sensitivity on phase-to-
phase faults, the neiwork chosenr is a negative-
phase-sequence network, This network gives no

output on normal balanced loads. It may be biased

with ground current, and s also biased with posi-
tive-sequence current above a threshold level de-

termined by ifault detectors responding to phase.

currents, The operation of;this network is des-
cribed in SECTION Gg.

G NETWORK UNIT
Gq NEGATIVE-PHASE-SEQUENCE NETWORK

FIGURE 17

The negative-phase-seguence neiwork con-
sists essentially of transactors T201 and T202,

resistors R201, R202, R203, R205, and R206, and

capacitor CZ01, (A transactor is a combination of
a reactor and a transformer which gives an output
voltage proportional to the input current.) Re-
sistors R202 and R203 provide adjustments for
balancing the network, .

Transactor T201 receives phase 1 current
(relay terminals 5N and 6N, transactor leads 5
and 6) and residual current (terminals 3N and 4N,

~ leads 7 and 8). Transactor T202 receives phase

3 current (terminals 9N and 10N, leads 12 and 13)
and residual current (terminals 3N and 4N, ta

plate to lead 6). The tapped winding (taps 5 to 113
is used to introduce sufficient ground current am-
pere-turns into this transactor to overcome the
effect of the negative-phase+sequence current dur-
ing ground faults., This is necessary in applica-
tions where the negative-phase-seguence excita-
tion provided by such faults is inadeguate. Cap-
acitor C201 and resistors R203 and R206 form a
phase-ghifting circuit so that the capacitor voltage
lags the secondary voltage of tramsactor T202,

" Resistor R202 is adjusted to make the effective

portion cf this T202 secondary voltage equal to
the capacitor veltage. The polarities, connections
and adjustments are such that the network outpu
is substantially zero with balanced three-phase-
current. ‘

It can be shown, by the mecthod of symmetrical
components, that the ouiput voltage is proportion-
2l to a combination of the negative-seguence and
zero~sequence currents according to the relation

E output = K3 (KIg - | ~/3 Iy)

where K depends on the tap setting of T202,

This network gives the same magnitude of out-
put voltage for a given magnitude of phase-to-

- phase fault current regardless of which pair of

G4

Gs

the three conductors is involved. Figs, 10 and 11
give vector diagrams for the three possible com~
binations.

POSITIVE_'PHASE-SEQUENCE OUTPUT FOR
THREE-PHASE FAULTS

A three-phase fault will operate all three of
the phase-fault detectors, thus increasing the ef-
fective portion of R202, By further analysis sim-
ilar to that mentioned above, it can be shown that
Ehet IrIllet‘avc-rk output for a faulf not involving ground
is then

E output = K3al, (C-1)
where € depends on the reduction of the effective
portion of the output voltage of T202 caused by
the operation of all three of the phase-fault de~

tectors. This provides an output voltage in case
of a balanced three-phase fault, '

OUTPUT FILTER FIGURES 17 and 24

Since harmonics of the power-freguency cur-
rent are magnified in the transactor, a simple

- 27



Gg

Gy

. power amplifier until the Fault Detector-Low picks

GEI-3385T Type EDD Phase-Comparison Carrier-Pilot Relay

[72]

-

ozl

-y

(-

=20 |

© \

=

1 \

[]

iz \\

W

=8 N\

(=)

b <]

ey =

—

—r

= 00 i 2 3 b1 5 £ 7 8 ] 10

TIMES PICKX-UP

Fig. 22 Time-Current Curve of

Phase-0Over-Current Element

Jow-pass filter consisting of L-203 and C-202 is
added. This filter offers a low opposition to fund-
amental frequéncies while attenuating harmonic
frequencies. ' -

VOLTAGE AMPLIFIER FIGS. 18 AND 24

The output of the negative-phase-sequence net-
work is amplified by a push-pull voltage ampli-
fler, The amplifier tube, V~201, uses limiting cir-
cuits to form the sine wave input into a substan-
tially sguare waye output, This square wave out-
put is responsible for high-speed pickup of FD-L
and FD~H as well as greater transmitter power. The
gain of this stage-is such that full power is obtained
rom thetransmitter as soonag FD-L picks up. The
square wave output is fed to a full wave selenium
rectifier RS-201. The d-c output of the selenium
rectifier is fed to the grids of the fault detectors
(high and low) as their control voltage. The unrec-
tified output of the voliage amplifier is used to drive
the power amplifier.

FAULT DETECTOR-LOW (FD-L) FIGS, 18 AND 25

Fault Detector-Low determines the magnitude
of fault current ai which the transmitter will be
modulated and send a blocking signal to the op-
posite end to prevent tripping. A normally closed
contact of the low level fault detector (FD-1) holds
the screen grids of the power amplifier at nega-
tive bus potential preventing any ocutput from the

up. Another function of the Fault Detector-Low

is to give preference to the relay function aver
all services immediately upon pickup (within one
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cycle after inception of fault). The pickup of this
fault detector is independent of the carrier-cur-
rent equipment. Pickup is controlled over a con-
tinuous range by means of the FD-L potentiometer
on the front of the network unit. Modulating sig-
hal is applied to the transmitter as soon as the
FD-L 0" contact, which shorts.the power ampli-
fier screens to the negative bus, opens. This is
done through resistor R23% which is itself short-
ed out 2s soon as the normally open contact of the
Fault Detector-Low closes. This feature gives
positive operation of the transmitter regardless
of whether or not the normally open contact closes
properly. ' :

FAULT DETECTOR'HIGH (FD-H) FIGS. 18 AND 25

Fault Detector-High determines the fault cur~
rent magnitude necessary to start phase-compar-
ison 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 pickup of FD-H is controlled over

a continuous range by means of the FI-H potentio- .

meter on the front of the network unit, Circuit
characteristics delay FD-H pickup from ¥FD-L
pickup by at least 0.004 second regardless of fault
-current magnitude,

TRIPPING UNIT

G10 POWER AMPLIFIER FIGS. 19 AND 25

‘The power amplifier is driven by substantial-
ly a square wave from the voltage amplifier of the

(K-6556510)
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Fig., 22 (K~-6556599)
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network unit. This square wave effectively drives’

the power amplifier to saturation as scon as fault
detector-low picks up. The power amplifier, through

a modulating transformer, T-203, prowdes a mod- -
ulating signal to the screen of the carrier-current.

transmitter. From another winding on this same

transformer the power amplifier provides a signal - '
to the eomparer tube screen grid 180 degrees out -

of phase with that provided to the transmitter. The
power amplifier draws no appreciable plate cur-

rent until FD-L picks up. This gives the power

amplifier tubes long emission life, as they there-

fore supply plate current only durmg faulit condr-r
- tions.

G11 PHASE SHIFTER, FIGS. 19 AND 25

The phaseshifting network, consisting of R-251,"

R-252, R-2583, C-211, C-212, and C-213 relays
delays the power amphﬁer 51gnal to the comparer
tube screen grid from the signal applied fo modu-
laie the transmitier. This time delay compensates

fcr the time of propagation between termmals of

long transmission lines.

FIGURES 20 AND 25

The comparer, located in the carrier-trans-
mitter receiver unit, delermines whether or not the -
circuit breaker shall be tripped upon the gecurrence
of a fault whichresults insufficient current to pick
up FD-H. .

Secondary winding 1 and 2 of T-203 at the re-
mote station modulates the remote transmitter,
This signal is received and applied to the local
comparer tube,

The screen grid of the comparer tube is sup-
plied with a local a~¢ voltage from the secondary
winding 6 and 7 of T-203. The control grid is sup-
plied with half-cycle voltages from the remote re-
lay via the carrier channel.

.G13 External Fault Figs. 27 and 28

During an external fault, received carrier

- swings the control grid negative for the half-cyecle
when the local relay voltage swings the sereen grid
positive, Thus, the control grid blocks plate cur-
rent and no tripping occurs, A normaily oper con-
tact of FD-H is placed inseries with the trip-relay
element, This makes it imposgible for the relay to

~ trip before the remote end FD-L has had time to
provide ablocking signal tothe local comparertube.’

* G14 Internal Fault Figs. 27 and 28

During an internal fault, the half-cycle signals

. receivedirom the opposite términal swing the com=

parer control grid negative for the same half-cycle

the loeal relay voltage swings the screen grid neg-

ative, These received signais are absent, as there

is no incoming signal, during the half cycles when

- the screen grid is positive. The comparer plate

current, therefore, increases and picks up the trip~
pmg relay element through the FD-H contact,

In general, the currents enteringthetwo ends of
the line on an internal fault will nct be exactly in
phase. Therefore, comparer plate current will not
flow throughout each half cycle. The average value
of this current corresponds to differential protec-
tion. Asin a differential system, tripping current
varies from gzero to a maximum with a change in
phase angle from 180 to 0 degrees between the cur-
rents.at the two ends of the line, A typical fl.ase-
angle characteristic is shown in Fig, 26. Phase-
comparison tripping time is shown in Fig. 23,
Phase-fault detector pickup curve is givenin Fig, 22,

G15 SIGNAL ALARM AND SIGNAL ALARM-RELAY
-~ ELEMENT, SA  FIGS, 21 AND 25

- The basic function of the sighal alarm is for
telemetering, supervisory conirol, and to indicate
incoming phone calls, The signal alarm will sound
an immediate alarm on loss of d-c supply voltage
‘to the transmitter-receiver and relay, or failure of
the heater of any of the tubés in the relayor signal
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alarm circuit, Anadditionaluse of the signal alarm
is to provide means for reading the strength of the
receivedsignal, This reading gives an indication of
%he margin available for blocking on an external
ault. :

The screen grid of the signal alarm tube is
connected foa fixed potential. When there isno in-
coming signal, i.e,, no negative voltage applied to
the control grid, the cathode bias is adjusted to ob-
tain the desired current above pickup of the signal
alarm-relay element, SA. A received carrier-cur-
rent signal swings the control grid negative, de-
creases the plate current, and allows the signal
alarm-relay element to drop out. A normally closed
contact of SA then closes the alarm circuit,

G1g TRANSIENT BLOCKING-RELAY ELEMENT, RB,

FIGURES 21 AND 25

. Thisrelaypermits tripping without time delay,
for about 4 cycles after the inception of a fault; but
thereafter, it introduces a delay intripping sufficient
te outlast fransients associated with circuit-break-
er arcing, CT trapped flux, etc.

"RB is-enérgized by FD-H when the latter picks
'Inl'lp' If the fault is internal, T will pick up and thus
e-energize RB before RB picks up, '

G17 SEAL~IN ELEMENT, SI. FIGS. 21 AND 25

- G1g

Hi

Hy

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 T and RB
to prevent them from opening the trip circuit. A
hand-reset target, to indicate that the EDD equip-
ment was the cause of tripping, is exposedwhen the
.seal-in element picks up.

'D-C TEST EQUIPMENT
FIGURES 3 AND 20

The test equipment congists of a multi-range
milliammeter, jacks and test cord. By means of

the selector switch in the network and tripping units, ‘

this equipment permits reading the plate currents
of the six tubes used in the relay function. Also,
this measures the heater currents of the tubes in
the network umit, tripping unit and signal alarm

tube,
A-C TEST EQUIPMENT
FIGURES 3, 17 AND 21

The a-c test equipment consists of a five-posi-
tion relay test switeh (RTS), two test resistors, an
eight-pogition tap switch, a rheostat, and a volt
meter. When the relay test switch is in "NOR",
the relay eqguipment is in its functioning position.

Position "T'CO" opens the irip circuits, but
does not disconnect the relay from the CT's, 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 FD-H is picked up. Removal of carrier before

opening of the trip circuits would cause false trip-
ping. For this case, the relay test switch at both
stations must beturned to the"TCO"position before
either switeh is turned to the "OFF", "IN, or "OUT"
positions,

The "OFF" position opens the trip circuits,
short-circuits the CT's, and disconnects the relay
from the CT's.

The "IN" or”QUT" position places current from

" the a-c test source through the test resistors and

thetwotransactors, The currents throughthetrans-

"~ actors in the "IN" and "OUT" positions are opposite

in phase, If the relay test switches at both ends of
the line are turned to the "IN" position, the arrange-
ment simulates an internal fault. In the"OUT"posi-
tion, the a-c¢ iest equipment provides just enough
current to operaie FD-L giying acheck on the block-
ing (FD-L) settings of the relay. An indicating lamp
is connected to one trip terminal of the tripping unit
to enable the tester to visually gbserve the result-

ing operation of the relay for simulated internal or-

external line faults.

" RELAY SETTING (SECTION H)

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, Faulis 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—
cuit'current of at least 1.5 times pickup based on
the transient:reactance, '

TAPPED LINES

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 met:

1, The transformer primary is not grounded, ex-

cept on special recommendations obtained from
the relay manufacturer. _ :

2A .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 except as outlined in 2B.

2B.The maximum relay current for any fault on the
- low side of the transformer bank wili not ex-
ceed the pickup of the phase-fault detectors; and
the resulting minimum trip is consideredsatig~
factory by the user and only one circuit breaker
need be tripping at either end. -

‘This threshold value may be obtained by remov-
ing the panel-wiring across the "a" contacts of

&
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NETWORK L AMPL|FLER WHEN A FAULT

OCCURS, THE SECUNDARY CURRENTS FROM THE

TRANSFORMERS ARE CONVERTED BY THE HET-
WORK INTO A SINGLE=PHASE VOLTAGE AT
SYSTEM FREQUENCY WHICH 5 THEN
AMPLIFIED. THIS VOLTAGE IS APPLIED

WITH ONE
CURRENT
ERERGI IE
15 LARGE
DETECTOR

PHASE (A} TO EXCITE THE CARR{ER~
TRANSMITTER, AND FHASE (D) To
THE COMPARER, WMEN THE FauLT
ENOUGH TO PICK UP THE FAULT

LOW (FD-L}.

STATION F
—_
CURRENT -
l TRANS FORMERS =
e T 4 (o
m_f
> WV o c- .
: LINE
BREAKER [ ¢ TRAP
LA COUPLING v
~ _ CAPACITOR
(A EAULT DETECTOR
LOW (FDatl LoCAL -CARRIER §
PNCOMING “
CARR | ER
CARR| ER=
N ETWORK
AND [ — current — - ——¢
ANPLIFIER ///l TRANSMITTER
- INTERNAL EXTERNAL
FAULT FAULT lﬂ
NODULATION p
VOLTAGE /
B
- CARRIER
N
CURREN CARR | ER-
CURRENT
RECEIVER
RESTRAINING
- VOLTAGE
£
(%]
~ DPERATING ‘k\
: % con.w: 0
[T1]
9 w
1
x /
TRIPP ING= [
~ RELAY
™ CURRENT ) o
. ‘ ) .
@ | /\ CONPARER

TO TRIPPING RELAY
OF CIRCUIT BREAKER
AT STATION F

Fig. 27

CARRIER~CURRENT TRANSMITTER' GENERATES
CARRIER CURRENT DURING THE -POSITIVE
HALF CYCLES OF MODULATING VOLTAGE (AJ.
TH1S CARRIER CURRENT IS TRANSMITTED
THROUGH THE COUPLING CAPACITOR AAD THE
TRANSMISSION LINE TC THE CARR!ER=
CURRENT RECEIVER AT THE FAR END

GF THE LINE. THE LOCAL

RECEIVER ALSO RECEIVES SOME OF

ITS LOCAL TRANSMITTER'S OUTPUT.

CARRIER~CYRRENT RECE] VER

DETECTS & AMPLIFIES RECEIVED
CARRIER TO PROVIDE A NEGATIVE
RESTRAINING VOLTAGE (C) AT

THE SCREEN GRID OF THE COMPARER..

f

FAULT DETECTOR LOW (FD=L)
DETERMINES THE MINIMUM LEVEL OF
FAULT CURRENT T0 START TRANS~
M1SSTON OF THE RESTRAINING
CARRIER SIGNAL.

EAULT DETECTOR KIGH (FD-H)
SETS THE MINTMUN FAULT CURRENT
AT WNSCH PHASE COMPARISON AND
TRIPPING CAN BE MADE. THIS
POINT 15 &T & FAULT LEVEL
ENOUGH HIGHER THAN FD—L PlCKuUP

:LEVEL TG INSURE A ADEQUATE

RESTRAINING SIGNAL TO BE
APPLIED BEFORE FD=H FUNCTIONS.

COMPARER PERMITS CURRENT
TO FLOW IN THE TRIP RELAY
DURING THE POSITIVE HALF CYCLES
OF OPERATING YOLTAGE (D),
PROVIDED THERE 1S TNADEQUATE
RESTRAINING YOLTAGE (C)

SI®ULTANEDUSLY PRESENT.

Operation of Phase Comparison Relaying
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\ STATION G

- RING EXTERN L\/ —
EAILTS,  OURING EXTERNAL FAULTS J\
BEYOHD LTO THE RIGHT OF)

CURRENT
TRANSFORMERS

© ©

[ | =———

STATION G, THE PHASE OF THE
O C

F e i
(9 jgu v

MDCULATING VOLTAGE APPLYED TO THE k Y ' o

THE CARRFER~CURRENT TRANS= LINE

WITTER AT sTaTion G s TRAP
“T™ CAPAGCITOR -

CiRCUIT
BREAKER

REVERSED WITH RESPECT TO THAT . COUPLING
a7 sTaTion F. Tuus, FiesT owe R

END AND THEN THE OTHER TRANS- ij LOCAL
MITS CARRIER ¥ITH THE RESULT CARRTER
THAT TRIPPING AT BOTH ENDS 15
CORTINUALLY BLOCKED, FOR TH1S
CASE THE SOLID AND DOTTED ARROWS
AND WAVES APPLY.

INCOMING
* CARRIER

CARR} ER=
CURRENT

OVER-ALL OPERATEON DURING
TRANSMITTER -

INTERN AL FAULTS SINCE THE

EXTERNAL FAULT WAS ASSUMED ‘A

TO BE BEYOND STATICN G. THE
INTERNAL FAULT CURRENTS AT

1 EXTERN AL
THAT END WILL BE REVERSED IN, ‘f

INTERN AL

PHASE WITH RESPECT T0 THE
EXTERNAL FAULT CURRENTS, FOR
THAT REASON, THE MODULATING
vOLTAGE A} AT sTaTion G witL
ALSO BE REVERSED IN PHASE...
SINCE THE MODULATING VOLTAGE
tA] WILL 8E OF THE SAME PHASE
AT sTaTiow F FoR EITHER OF THE
ASSUMED FAULTS, THE MODULATING
VOLTAGES AT BOTH ENDS WILL BE E

IN. PHASE FOR INTERNAL FAULTS. { !

HENCE, BOTH ENDS WILL TRANSMIT
CARRIER SIMULTANEDUSLY FOR ONE / m _w
. t
] l ! v
o]

#ALF CYGLE, BUT KEITHER END
I RN }

[
[ T
.

iy \:'.'

CARRIER
CURRENT
RECEIVER | ~ 2 ’""

|
. 1

WILL TRANSMIT DURING THE OTHER
NALF CYCLE. DURING THE HALF
CYCLE WHEN THE TRANSMISSION 1§
STOPPED AT BOTH ENDS, THE
OPERATIHG VDLTAGE (D) ON THE
COMPARER TUBES AT 80TH ENDS
WILL BE POSITIVE, AND CURRENT
WILL FLOW 1N BOTH TRIPPING

° m
1
I JA_H RESTRAINING
I

VOLTAGE

P oam e e
Y

¥_ NETWORK
AND
AMPLIFIER

CCULATION
YOLTAGE

CARRTER
CURRENT

OPERATING
YOLTAGE

TRIPPING=
RELAY
CURRENT

RELAYS TO TRIP BOTH CIRCUIT
BREAKERS., FOR THIS CASE THE
SGLID AND DASMNED ARROWS AKD
WAVES APPLY.

E
Fo_a,‘_i_ e

TO TRIPPING RELAY

OF CIRCUIT BREAKER
AT STATION G

Fig. 28

Operatioh of Phase Comparison Reiaying

E
&

fv _ecccenast

g;ininA ng




=
9

e¢s):=i9. 28 (x-6556482) 3h. 2

ig« 29 (K-6B56514)

0)

o

()

Hs

Type EDD Phase-Comparison Carrier-Pilot Relay GEI-33857
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Fig. 29 (A) Ground Fault Currents And
(B) Three-Phase Fault Currents

the phase-fault detectors, If ground fdaults re-
gquire a pickup less than phase-to-phase pickup
. of the phase-fault detectors, a Type PJC ground-
fault detector may be mounted separately with
its "a" contacts connected in parallel with these
"a" contacts.

3. The maximum lead current due to the line tap
must not exceed one ampere irom the current
transformer, This limit is imposed by the two
ampere difference between the plckup of the
phase-fa.ult detectors and FD-H.

METHOD OF CALCULATION

H4 GROUND CURRENT TAP SETTING

I the minimum negative-phase-sequence cur-
rent for internal ground faults is greater than 86
percent of the relay phase-to-phase setting, it is
not necessary to add zero-phase sequence excita-
tion. Under all other internal ground-fault condi-.
tions, the zero-phase-sequence excitation pre-
dominates at each line terminal by a sufficient
margin to obviate the possibility of blmd spots. It
is not necessary to give any consideration to the
current magnitudes resulting from external faults,

The amount of negative-phase-sequence cur-
rent available and the ratio of negative~phase-se-
quence to zero-phase-sequence current are easily
determined from the three-phase andsingle-phase-
to-ground short-circuit currents, which must be
known for any over-current relayapplication. The
determination of these values does not require an
understanding of the theory of symmeirical com-
ponents, but merely the periormance of the simple
la]lgebraic operations indicated by the formulas given

elow,.

The formulas used in the following method of
calculation have beenderived from those developed
in AIEE paper No. 45~148 entitled "Phase-compar-
ison Carrier-current Relaying”, published in Elec- -
irical Engineering for Dec, 1945, The following
table relates the equations used in the various steps .
with those developed in the paper,

Siep number in
detailed Equation number in AIEE
calculation No. 45-148
5 28
9 24
10 34
14 43 & 25
15 43 & 2
16 41 & 25
17 : 18 & 29 & 34
19 41 & 25
20 . 18 & 29 & 34

'EXAMPLE OF CALCULATION*

Hg EXPLANATION

(1) Determine the system-operating condition
which gives the least total zero-phase-sequence
current in a single-phase~to-ground fault on the

line at either end where phase-comparison relaying

would be applied, and for which condition satisfact-
ory relaying is required.

Hy EXAMPLES

(1) Assume conditions that might reasonably

. be expected, such as the removal from service of

‘certain generators, the possible disconnection of
certain grounding transformers of generator-neu-
tral-groundmg devices, and the temporary removal
from service of certain transmission lines, I is
degirable to record in rows lc and 1d of Table VI
the sources of the data in rows 2 to 5, so as to
define the operating conditons for which the r e~
sults apply.

*Numbers 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 1V).
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(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
zero-phase-sequence currents flowing into the line
at each endand the total zero-phase-sequence cur-
rent in the fault. Use the transient reactance of
generators to determine these current magnitudes.

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

(3) For exactly the same system-operating
conditions as in (2), but for a three-phase fault,
first at one end and then at the other, determine
and record the positive-phase-sequence current
magnitudes at both ends and in the fault. Use the

these current mapnifudes,

ary amperes by dividing by CT ratio. Use these
gsecondary-current magnitudes from now on. To
simplify the terminology, we shall henceforth de-
{ine these secondary-current magnitudes as. fol-
ows:

endunder consideration fora s

1igle-phase
to-ground fault. ' : ‘

I} = the total zero-phase-sequence current in
the single-phase-to-ground fault,

I =the positive-phase-sequence current at
the end under consideration for a three-
phase fault,

IIS = the total positive-phase-seqguence current
in the three-phase fault.

If only the total current and the portions at the
end away Irom the fault are given in the short-cir-

be obtained by subtraction.

[ .

: ' (5) Calculate to three decimal places the con-
‘ stant R which will be used later. '
| ‘
|

R = (I3/13) -2

36

transient reactance of generators to determine

(4) Reduce all the above values to C'Y second-

I = the zero-phase~sequence current at the

GEI-33857 Type EDD Phase-Comparison Cafrier-Pilot Relay

-~ (2) Fig. 29A illustrates these quantities, and
shows the particular values assumed for this ex-
ample.

(3) Fig. 29B illustrates 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 - 60/1

1 = 720/60 = 12.0, Io = 126/60 = 2.1

I - (Ipat By = (I at A)

12.0-2.1=9.9

Let us assume that by following the pfeceding

ingtructions, the remaining secondary currents in
amperes have been obtained as listed in Table V.

cuit study, the portion at the end near the fault may.

TABLE V
Fault at A ‘Fault at B
Current Col.1 | Col. 2 Col.3 |Col. 4
Designation [Relay B | Relay A | Relay A [Relay B
1 12.0 120 | 103 | 103
I, 2.1 9.9 59 | 4.4
I 381 | 381 | 326 | 32.6
Ip 8.3 20.8 | 16.4 | 16.2

. Notice that the value of I for a given fault
location is listed for both relays. The value of T
is similarly listed. This procedure serves tO.pIR
in the same column all four values that will sub-

sequently be used for determining the operationof

the relay that heads the column.

(5) For Column 1 of Table V
R = (38.1/12.0) - 2 = 1.175

_1.165

Fault at A Fault at B
Relay B | Relay A Relay A | Relay B
1,175 1,175 1.185

@’

Q)
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(6) Calculate the constant Dwhich will beused
Iater. : : :

D =T, xT/Iox I

(7) Determine, ior three-phase faulis, fhe

multiple of pickup (M) of the relays at A and B for -

both fault locations, using the following formula:

M=1, / [2.67 (puj] *

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

M=1vE /R *

(9) Determine, for single- phase-to-ground
faults, the multiple of pickup (M), using the fol-
lowing formula: _ :

M=DIg~v3/ (pu*
M=DIp/ V3

(10) Determine, for two-phase-to- ground
faults, the multiple of pickup (M), using the fol-
lowing formulas

M =RIpv37 [(1+2R) (pu)] *
M = RIp /v3 (1+2R)]

* pu =phase~to-phase fault pickup current of FD-H.

(6) Using the values I}, Iy, Iy, and Ip in Col-
unon I of Table V, we get the values of D for the
relay at B with a fault at A as follows, and also the
other three values from the other columns,

D=12.0x83/21x38.1=1.25

Fault at A Fault at B
Relay B Relay A Relay A | Relay B
1,25 0.95 0.88 1.16

(If the short-circuit study gives current-dis-
tribution factors Cp and Cp, D can be calculated
from D = Cp /Co.)

(T) Using the values in the Ip row of Table
V we get the following values of M:

M =8.3/8=1.04

Taull at A Fault at B
Relay B Relay A | Relay A | Relay B
T.04 52 2.05 2.02

(8) Using the values in the Iy row of Tablé v,

we get the following values of M:

M = 8.3/3.46 = 2.40

" Fault at A _ Fault at B
Relay B Relay A Relay A | Relay B
2.40 ' 8.61 4.74 __4.68

(9) Using the values of D and I from Column
1 of (6) and (4), we get the following value of M:

M=125x21/1.732 = 1.52

Similarly, we get the other three values:

Fault at B

Fault at A
Relay B | Relay A [Relay A | Relay B
1.52 5.40 3.00 2,95

(10) Using the values of R and I, from Col-

ulénn 1 of (5) and (4), we get the following value of

M=1,175x8.3/1.732 (1+2x1.175) = 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 3.31 3.27

Do not be perplexed that the currents that have
beenusedwere obfained 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.
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(11) If there is sufficient short-eircuit cur-
rent, phase-comparison relaying is applicable, and
no further studies are required. Sufficient current

"is available if all muitiples of pickup (M) are 1.5

or more,

(12) I the multiple of pickup at one end of the
line is less than 1,5 in the case of a three-phase
fault, and if at the other end of the line the multi-
ple of pickup is 1.5 or more for the same faull,
phase-comparison relaying will be applicable if
sequential tripping is assured and is acceptable
under those circumstances,

(13) Instructions {12)apply egually well to the
cases of single-phase-to-ground 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 avoid-
ed. This ground-current-tap adjustment canbe used
if there is zero-phase-sequence current flowing into
the:line at both ends for all ground faults on the line
with the breakers at both ends closed, :

{14) Determine, for single-phase-to-ground

faults, the minimum value of K that can be used

from the standpoint of phase angle, where this min-
imum value of K is the largest of the four possible
vaiues obtained by using the following formula:

K=245D

{15) Determine, for twophase-toground faults,
the minimum value of X that can be used from the
standpoint of phase angle, where this value is the
largest of the four possible values obtained by using
the following formula:

K =2.45 DR

(18) 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 possibie values cbtained by
using the following formula:

K= V3 D 3M/I;

where

M = the desired multiple of pickup.

a3

(11) Further study is indicated sincethe multi-
ple of pickup for the relayat B for the three-phase
fault at A is only 1.04. Moreover, should three
cycle operation not be acceptable for the same re-
lay and fault location in the case of single-phase-
to~ground and two-phase-to-ground faults (multi-
ple of pickup 1.52 and 1.68 respectively), further
study will be necessary for these cases also,

(12) Since the multiple 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 ai B
increases sufficientlyafter A has tripped. For this
example, the value of Ip at end B is assumed to
become 17.2 amperes after the breaker at A has
tripped, and M will therefore become2.i5, which
assures prompt tripping, '

(13) For the example given, it is unnecessary
to censider the use of the ground-current-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
unsatisiactoery, and that advantage should be taken
of the ground-current- tap adjustment.

(14) Using the value of D from Column 1 of

{6), we get:
K=245x1.25=3.08

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

Fault at A Fault at B
Relay B | Relay A Relay A | Relay B
3.06 2.32 - 2.16 2.84

(15) Using the'values of 2.45D and of R from
Column 1 of (14) and (5}, we get:

K=3.06x1.175=3.61

Similarly we get the other thrée values, and then
underline the highest. *

Fault at A Fault at B
Relay B | Relay A Relay A | Relay B
3.61 2.74 2.51 3.31

(16) Using the values of D and I from column
I of (6) and (4), and assuming M = 2.0 to get two-
to-three cycle tripping, we get:

K=173x125+3x2/2.1=5,01

Similarly we get the cother three vah.ies, and then
underline the highest. .

Fault at A Fault at B
Relay B Relay A Relay A | Relay B
5.01. 2.24 2.54 3.37

e
k

&)
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(17} Determine, for two-phase-to-ground faults,
the minimum value of X 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 + 3DM (1+2R)
. Ip

{18) Determine by comparison the highest of
the four highest values found in (14), (15), (16),
and (17). Calculate the tap to use by the following
formula: -

Tap = 11 /(I)i) (FD-Hphase-to-phasepickup set-
ting.) .

Select the calculated tap or the next lower
multiple~of-pickup tap. ‘

The multiplied-by-two tap is used when only
the negative-sequence component of the current is
to be used in the negative-sequence network,

(19) If desired, the multiple of pick-up for
single-phase-to~ground faults may be determined
by using the following formula:

M=(K - ViD) Ip/3

(20) If desired, the multiple of pick-up for two-
phase-to-ground faults may be determined by using
the following formula: o

M=(K- V3 DR) Ip/[3D(1 + 2R]]

TABULAR METHOD OF
CALCULATION
The following tabular form will gserve to sum-
marize the foregoing instructions and to provide
a convenient means for tabulating data. Intermed-
iate steps are included so that no calculation on
loose sheets of paper will be necessary, The oper-
ations are broken down so that .any multiplication

(17) Using thevalues of D, R, and I, from Col- !
umn 1 of (6), (5), and (4), and a.ssmnil.l)'lg M=2.0,
we get: 4 '

K=173x1.25x1.1754+3%1.25x2(1+2x 1.175)=5.59
8.3

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

Fault at A _ Fault at B
Relay B { Relay A Relay A | Relay B
5.59 2.57 2,83 3.75

(18) The four highest values to be considered
are 3.08, 3.61, 5.01, and 5,59, so the value of K
to be used in setting the relay must be 5.59 or
more,

There is no tap for K = 5.59, so use K= 6.
Then for FD-H set to pickup at 3 amperes phase-
to-phase,

11
Tap = 6.0(3) = 0.59. Use 0.47.

(19) Using the value of available K finally se-
lected in (18}, and the values of Dand Ip from Col-
vrnn 1 of (6) and (4), we get:

M= (6-1.73 x 1.25) 2.1/3 = 2.68

- Similarly we get the other three values, and then

underline the lowest.

"Fault at A Fault at B
Relay B | Relay A Relay A | Relay B
2,68 14.5 8.81 5.85

(20) Using the value of available K finally
selected in (18), and the values of D, R, and Ip from"
column I of (6), (5), and {4), we get:

M=(6-1.73x1.25x1.175) 8.3 = 2.28
[3x1.25 (1+2x1.175)]

- Similarly we get the other three values,.and then

underline the lowest. Since the lowest is morethan
2, the two-to-three cycle operation will be obtain-
ed for all fanilts.

Tault at A Fault at B
Relay B | Relay A Relay A | Relay B
2,28 12.7 7.88 5.17

and division required can he made with a single
setting of a polyphase slide rule, When perform-
ing operations involving quantities not on adjacent
lines, i is helpful to lay down straight edges to
locate the lines in the operation,

NOTE: These calculations are for normal set-
tings of the relay Table IV,

39
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Hg TABLE VI EXAMPLE OF TABULAR CALCULATION FOR TAP SETTING )
" Col, Col,  Col, Col
1’ Row 1 2 3 4
la Fault loecation A A B B
‘ 1b Relay location B A A B
le O-seq. currents from ~=~--- Assumed for
‘ i 1d Pos, - seq. currents from-- this example,
11 2a I:) O-seq, pri, Amp, total for 2 ends 720 720 618 618
|
rii 2b I0 for 1-f -G fault this end only, 126 --- 354  ---
' 13a T Pos. -seq. pri. Amp. total for 2 ends 2290 2290 1960 1960
’ 3b Ip {for 3-§ ~fault } this end only, 500 --- 980  ---
; 4a CT Ratio ' 300/5 = 60/1
0 4h I‘0 O -seq. sec. Amp, . total for 2 relays 12,0 12,0 103 103
! 4c 10} for 1~ -G fault this relay only, 21 99 59 44
‘ 4d I'y (Pos, -seq. sec, Amp, total for 2 relays 38.1 381 326 328
4e Ip for 3-@ fault } this relay only. 83 238 164 162
ba Y I‘0 (to 3 decimal places) = (Line 4d)} / {Line 4b) 8,175 3.175 3,165 3.165
5b R= (I;)/I;)) =2 (" ) = (Line 5a) -2 1,175 1,175 1,165 1,165
“6a Ip/I0 = (Line 4e) / (Line 4c¢) 395 301 278 388
6b D=(1I /IO) /X /I‘o) = (Line 6a) /(Line 5a) 125 0948 0388 1,16
7 M(for 3-9) =1 /8 = {(Line 4e) /8 1,04 3,72 205 202
8 Mor p-f) = Ip/3.46 = (Line 4¢) /3.46 240 861 474 468 @\1
9  Mor1$-G)=DI, = (Line 6b) (Line 4c) _ _ '
~3 3 152 540 3,00 2.5
10a 2R ' = 2 (Line 5b) 2,35 235 233 233
10b 1 _+ 2R | = 1_4+ (Line 10a; 335 335 3.33 333
1gc ~3 (12 + 2R) = V3 (Line 10b 580 5.80 575 575
10 Mffor 2--G) =R I = {uine 5B (1ine 4e) 168 6.05 3.31 3.27
[v¥3 (1 + 2R)] 7
1" Calculations 14 to 20b used only if O-seq. excitation has to be used,
14 K(for 1-p-G; =2,45D = 2,45 (line 6b) . 306 232 216 2.84
i3 15 Kf(for 2-9-G) = 2.45DR = (Line 14) (Line 5b) 361 274 251 331
i 16a V2 D = V3 (Line 6b) 2168 1,84 152 2.01
| i6b 3M/I0 _ = 3M/(Line 4c) 285 060 1,02 136
1l- 16c K(for 1-f-G) =3 D + (3M/1) = (Line 16a) + (Line 16b) 501 2,24 254 38.37 _
i 172 V3 DR = (Line 16a) (Line 5b) 2,55 193 178 2733 Q
! 17b 3D = 3 (Line 6b) 375 2,84 2,64 348
‘| 17¢c 3 D El + 2 R; = (Line 17b) (Line 10b) . 12,6 853 8,79 1156
‘ 17d M3D (1 + 2 R)/I, = {Cmegey—(Line 17¢) 3.04 064 1.07 142
} [M3D(1+2R . o
1 17e K(for 2-§-G) =3 DR + b = (Line 17a) + (Line 17d) 559 257 2,83 83.75
|
iE 182 Highest required K (of 4underlined values), 5.58 '
i | 18b Use K= : - 6.0 6.0 60 6.0
|l 192 K ~/83D = (Line 18b) - éLine lﬁa} : 3.84 436 448 399
19 M(for 1-8-G) = (K -V3 D) 16/3 = (Line 192) (Line 4c 268 145 8381 585
20a K-V3 DR ' : = (Line 18b) ~ ELine 17a§ 345 407 422 3.67
20b M(for 2-8-G) = (K ~V3DR = (Line 20a Line 4e 2.28 127 7.88 517 CA
[3D(1 + 2R)J {Line I7¢} =~ - = ‘
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Type EDD Phase~Comparison Carrier-Pilot Relay GEI-33857

FACTORY TEST AND ADJUSTMENTS (SECTION J)

The relay has been adjusted at the factory. I
there is evidence of tampering or rough handling,
or if tubes have to be put into the sockets the fol-
lowing points should be observed in making re-
adjustments. .

CAUTION: Before making any of these tests
the relay test switch (RTS) at both ends of the line
should be in the "OFF" position, -

NETWORK UNIT

BALANCING THE NETWORK

Connect according to Fig. 15, using ammeters of
5 or 10 amperes full scale, Unless the test pOWer
source is very steady, two ammeters should beused.
Their relative calibrations should be checked by
opening phase 2, setting I1 to 5 amperes, and reading
I3. Reclesephase2, setIjto5amperes and I3 to the
reading noted above. Check the source voltages,
phases 1-2, 2-3, and 3-1to see thatthey arebalanced
within one volt.” Adjust the slider on resistor R-203,

.. togive minimum output voltage across K3 and J11 of

I3

the sub-panel or studs 20T and 3T on the tripping unit
with Fault Detector-Low blocked in the picked-up
position. Useana-c voltmeter of at least 1000 chms
pervolt., Lock thisslider temporarily, set the right
slider (front view) on the resistor R-202 to the ex-
treme right, and adjust the left slider of the resistor
to give minimum output voltage. Reset slider on
R-203 and left slider on R-202 alternately to deter-

minethe actual minimum, The voltage that remains
with correct adjustment is substantially all third

harmonie,

If either adjustment reaches the end of the
available range on its resistor, it may be possible
to bring it within range by changing the secondar,
tap connection on one of the other transactors.
desired results can be obtained by using more of
one secondary winding, this is preferable to using
less of the other secondary winding,

PHASE-FAULT DETECTOR PICKUP

Since the pickup depends on the contact set-
ting, this setting should be checked before making
the pickup setting,

The normal adjustment of contacts is 8 /64inch
wipe. This may be adjusted by bending the con-
tact 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 so as to obtain an exact setting 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 in-~-

I4

I5

I8

I

crease in wipe on either the "a" or the "b" contacts -

decreases the contact gap and lessens the differ-
ence between pickup and dropout, and vice versa,

The contact pressure in the fully pickedup or
dropped-out position may be adjusted to about 15
grams by bending the stationary contact springs

‘near their point of attachment to the bage. This

adjustment may change the contact gap and con- -
tact wipe slightly. Adjustments of the contact stops

within the normal range do not affect the contact

pressure in the fully picked up or dropped out

position, as the closed-contact springs are sep-

arated from the stops in thege positions.

To check the pickup, use connections ag shown
in Fig. 8. The plunger should be set so that the
relay picks up between 8.1 and 8.3 amperes as the
current is gradually increased. 'Phe dropout should
then be 5.7 to 6.1 amperes with agradual decrease
in current.

The desired setting may be obtained by turn-
ing the armature on the plunger rod. 'The arma=
ture is provided with an internal locking spring
which requires no manipulation. .

PHASE-FAULT DETECTOR, THREE-PHASE
PICK-UP

Connect as shown in Fig, 15 andadjust the right
slider of R-202 (front view) so that FD-H, with
proper phase-to-phase pickup, set as outlined in
SECTION J3, will pick up at 7.2 to 7.8 amperes.
Follow the test procedure outlined inSECTION Eag
to determine pickup, If the extreme right position
of the slider does not give enough adjusiment, a
little additional range can be obtained by turning the
slider so that it does not touch the bare strip ofre~
sistancewire. II this does not give sufficient range,
it will benecessary touge a lower tapon T-202 and
rebalance the network according to SECTION J3.
Reset the phase-to-phase pickup according to SEC-
TION T3, after which it will be possible to set the
right slider for a lower three-phase pickup.

TUBE REPLACEMENT

- 'Whenever a tube is replabed in the network
unit, tripping unit, or the signal-alarm element, the

-heater currents should be checked to see if their

values have changed from the original setting. If
the values are now out of limits, readjust as des-
cribed in SECTIONS E10 and E11.

VOLTAGE AMPLIFIER

Plate current, with no fault, should read ap-
proximately 1 milfiampere. : :

Tube Socket Voltages

If desired, tube socket voltages may be meas-
ured with a d-c¢ voltmeter of 1000 ohms per volt
by using an adapter between the tube and its sock-
et, Measure from the adapter terminals to theneg-
ative bus, With no input to the network unit, ap-
proximate values are as follows:

SOCKET NUMBER V-201

PINNO, | 1| 2 13| 4| 5 lg|7 |8
VOLTAGE |-0.3{2.5-11 | 0 |-0.3 | 2,5-11]0 {78 |73
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FAULT DETECTOR-LOW (FD-L)

Apply 2 amperes, 60 cycles, from terminal J1
to J2. Turn the selector switch in the networkunit
to "FD-L" and adjust the potentiometer marked
"FD-L" to obtain 4 milliamperes, plus or minus
0.3 milliampere, plate current, Adjust the tele-
phone-relay element (FD-L) to pick up at 4 milli-
amperes, plus or minus 0.3 milliampere; and to
drop out at 2.2 milliamperes, plus or minus 0.2
milliampere.

J14

I15

To increase the telephone-relay pickup, in- -

crease the armature gap or the contact pressure,
or both, To decrease the pickup, reverse this pro-
cedure. ‘

Screw in the residual screw to decrease the
drop-out time,

Tube Socket Voltages

J16

These voliages may be measured as described

in SECTION J7, With no in}f)ut in the network unit,
approximaie values are as follows:

SOCKET NUMBER V-202
pnno. |1] 213 la|5 |6 [7 8
WorTAGE [0 I s o i s Ter s

FAULT DETECTOR-KIGH (FD-H)

Apply 3 amperes, 60 cycles, from terminals
J1 to J2 or studs 5N to TN. Turn the selector
switch in the network unit to "FD-H" and adjust
the potentiometer marked "FD-H" to obtain 4 milli-
amperes, plus or minus 0.3 milliampere. Adjust
the telephone relay element (FD-H) to pick up at
4 milliamperes, plus or minus 0,3 milliampere;
and to drop out at 2.2 milliamperes plus or minus
0.2 milliampere.

711 Tube Socket Voltages

J12
J13

Ky

These voltages may be measured, as in SEC-
g‘ggﬂ Jg, and are the same as those listed for V-
TRIPFING UNIT

SIGNAL ALARM-RELAY ELEMENT, SA.

‘The signal alarm-relay element is adjusted to
pickup at 6.0 milliamperes, plus or minus 1 milli-

I17
Iig

ampere; and to dropout at 2.8 milliamperes, plus
minus 0.3 milliampere.

FD-L and FD-H
The pick-up and drop-cut adjustments of the

FD-L and FD-H relay elements are described in
SECTIONS Jg and J10.

TRIP-RELAY ELEMENT, T

. The trip-relay element is adjusted to pick up
at 2.2 milliamperes, plus or minus 0.2 milliam~-
pere; and to drop out at 1.4 milliampere, plus or
minus 0.1 milliampere d-c.

TRANSIENT BLOCKING RELAY ELEMENT, RB

The method of checking the operation of this
relay element is given in SECTION Eg4. .

If the relay element must be replaced, thepick-
up time with rated voltage across the coil and re-

sistor should be 0.03 to 0,04 second (1,8 to 2.4 cy- -

cles), and the drop-out time should be £.17 to 0,35
second (10 to 20 cycles}). The minimum pick-up

voltage should be less than 80 volts d-¢, but need

not be adjusted to a particular value.

POWER AMPLIFIER
Tube Socket Voltages

These voltages may be measured as described
in SECTION J7. With no input to the Network unit

(relay test switch "OFF"), approximate values are -

as follows:
SOCKET NUMBER V-203

PINNO, [ 1] 2] 3 415 [617 [8
[VOLTAGE | 04311327 | 0]01 0122 [2

SOCKET NUMBER V-204

PINNO, | 11213 [4]5 |617 |8
VOLTAGE | 068 (127 |0 (0.1 [0 {44 |2

The plate current for V-203 and V-204 should
be 34 to 44 milliamperes with the FD-1 picked up,
For future comparison, record the values read with
the relay test switch in both the "NOR" and “IN"

" positions.

MAINTENANCE (SECTION K)

PERIODIC TESTS

It is suggestedthat this overalltest be made ap-
proximatély once a month by members of the relay
maintenance group rather than members of the sta-

tion operating staff. Normally, no other testing is

necessary until the tripping or blocking tests fail.

42

Kg PROCEDURE FOR TEST

The relay test switch is arranged o open the

" trip circuit beforeit short circunits the terminals

of the local network unit. The only way it can af-
fect the remote terminal is by sending a blocking

signal, which canonly prevent tripping. Therefore, .

Q)
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it iz impossible to operate either switch in such a
way as to cause tripping of the other terminal.

If the relay test switch at either terminal is

turnedaway from the "NORMAL" positien, that ter-

K3

o

minal will be unable to send a blocking signal and
the other terminal may trip in response to any fault
either internal or external. It is advisable to ar-
range by telephone for the movement of the switch-
es at the two ends of the line, from "NORMAL" to
the "OFF" positions or vice versa, so as to min-
imize the time when one end of the other is liable

to false tripping due to the switches being indiffer- -

ent positicns.
CHECK OF TRIPPING

Turn the swiiches at both ends of the line from
"NORMAI to"IN" at a pre-arrangedtime, Watchfor
the amber lights at both ends and return both switch-
es slowly to "OFF'. When the switches at both ends
are in like positions, either "IN" or "OUT", an in-
ternal phase-to-phase fault is simuiated. Thelight-
ing of the red lamp indicates thatthe circuit break-

er ‘would have tripped for this condition. Either end -

may be checked separately for its abilily to trip if
no one is available to operate the switch at the
other end.

Check by telephone that both red lamps have

lighted, otherwise the blocking fest will mean noth-

ing.
CHECK OF BLOCKING

Starting with both relay test switches "OFF",
one maintainer (X) will direct the other maintainer
(Y) to turn his switch to "IN', thus lighting Y's red
lamp. When X hears the resulting 60-cycle hum in
his receiver, he will turn his own switch {o "OUT",
and see that his red lamp is not lighted in that posi-
tion. Hewill then return his switch slowly to"OFF",
When Y sees his red lamp extinguished by the block-
ing signal, he wili turn his switch slowly to "OFF"'.
X will check with Y by telephone, to make sure the
blocking was successiul. 'Then (Y) interchanges the
procedure with (X) and repeats the test. ,

When the test switches are in opposite posi-
tions, the test currents at the two ends flow in op-
posite directions through the relays, as during an
external fault. The blocking signals sent in hoth
directions act thru the control grids of the com-
parer tubes to drop out tripping elements T, thus
extinguishing the red lamps.

K5

Kg

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

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.:

SeeSECTION E10, and E11 for necessary tests
and adjustments when replacing a tube.

CONTACT CLEANING

¥or cleaning fine silver contacts, a flexible
burnishing tool should be used. This consists of a
flexible strip of metal with an etched roughened sur-
face, resembling in affect a superfinefile. Thepol~-
ishing action is so delicate that noscratches areleft,
yvet corroded material will be removed rapidly and
thoroughly. The flexibility of the tocl insuresthe
cleaning of the actual points of contact.

Fine silvercontacts should nct be cleaned with
knives, files, or abrasive paper or cloth, Knives .
or files may leave scratches which increase are-
ing and deterioration cf the contacts. Abrasive
paper or ¢loth may leave minute particles of in-
sulating abrasive material in the contacts and thus
prevent closing,

The burnishing tool described is included in
the standard relay tool kit obtainable from the
factory.

RENEWAL PARTS (SECTION L)

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

The relay units may be ordered as:

Network Unit -
Tripping Unit -

L-6418096
1,-6418095

For systems where fewer of these relays are
installed, cost will require that spares be limited
to selections from the following list, which-is ar-
ranged in the order of decreasing estimated prob-
ability of failure, Parts should be ordered by des~
cription as well as drawing number to avoid wrong

shipments resulting from transposed digits, ete.
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ELECTRICAL PARTS LIST
CIRCUIT

COMPONENT DESCRIPTION - DWG, NO,, CAT, NO,, OR TYPE
V-201 &V-202 Vacuum Tube Type 5692
V-203 & V-204 Vacuum Tube Type 5824

RB Transient Blocking Relay L-8418025 P-1

SA Signal Alarm Relay L-6418025 P-84

FD-L Fault Detector -Low Relay L-6418035 P-100

FD-H Fault Detector-High Relay L.~-6418025 P-101

T Tripping Relay 1.-6418025 P-101

ST Seal-in Unit L-6293203 .

RS-201 Rectifier G-E Cat, #6RS4TK1

5-201 Selector Switch K-6507854

S-202 Selector Switch K-8507853
R~202 & R-203 Network Adjusting Resistor Ohmite 50W 5000 chms
R-201 Network Resistor Obmite 50W 10,000 ohms
R-205 Network Resistor Ohmite 25W 6,000 ohms
R-206 Network Resistor Ohmite 25W 6,000 ohms
R-227 " Cathode Bias Resistor Ohmite 256W 150 ohms
R-228 Cathode Bias Resistor Chmite 50W 1250 ohms
R-230 Heater Resistor Ohmite 50W 50 ohms
R-231 Heater Resistor Ohmite 50W 50 ohms
R-232 Heater Resistor Ohmite 50W 200 ohms
R-246 Heater Resistor Ohmite 50W 100 ohms

' R-238 Screen Resistor Ohmite 50W 1000 ohms
R-244 RB Resistor ~ Ohmite 20W 2000 ohms
c-201 Network Capacitor G-E Cat, No. 67x19 0,5 Mfd, 440 V,
c-202  Filter Capacitor G-E Cat, No, 21F801 0.25 Mfd,
C-203 Coupling Capacitor G-E Cat, No, 21F801 0,25 Mid,
C-204 Coupling Capacitor G-E Cat, No. 21F801 0.25 Mid,
C-206 ~ Smoothing Capacitor ' G-E Cat, No, 21F802 0,5 Mid,
€207 Smoothing Capacitor G-E Cat. No, 21F802 0.5 Mfd,
c-210 - Smoothing Capacifor G-E Cat, No. 21F802 0,5 Mfd.
I-201 Jack Mallory Midget A-2
T-202 Jack Mallory Midget A-2
44
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Fig. 32 Outline & Panel Drilling Dimensions Fot; Type EDD Relay (Network Unit)
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