INSTALLATION

INSTRUCTIONS

Westinghouse 1.L. 41-498.11H
OPERATION ¢ MAINTENANCE

rrrirdy

TYPE KD-4 COMPENSATOR DISTANCE RELAY
(.2-4.35 OHMS)

CAUTION: Before putting prof:ective relays into ser-
vice make sure that all moving parts operate freely,

- inspect the contacts to see that they are clean and

operate the relay to check the settings and electrical
connections,

APPLICATION

The type KD-4 relay (Fiéure 1), is a polyphase
compensator type relay which provides a single zone
of phase protection for all three phases. It provides

. instantaneous tripping for all combinations of phase-

to-phase fanlts, two-phase-to-ground faulis, and three-
phase faunlts.

The XD-4 relay 1s available with indicating con-
tactor switches with either a 1 ampere or a 0.2/2.0
ampere rating. The 1 ampere rating is recommended
for al] directional comparison applications and for
most distance relaying applications. The 0.2/2.0
ampere rating is recommended for distance relaying
where a lockout relay is energized or where z high
impedance auxiliary tripping relay is utilized

Refer to LL. 41611 for 2 description of how

KD-4relays are used in direqticnal comparison block-
" ing systems.

For time-distance applications the KD-4 relayis
used with either the TD-2 ac current-operated fimer,
or with the TD-4 or TD-5 d-¢ transistorized timer..
See Figs. 12 and 13 for the external schematics for
3 zone protection, using the TD-2 and TD-4 relays,
respectively., For further discussion see *‘External
Connections.”” :

Use fault detectors to supervise the trip circuit
for those applications where the relays can be de-

.energized without attendant opening of the 52a com

tact. Otherwise undesired tripping occurs. A
521878385 three unit SC Relay (2-8 amperes) in the
t¥pe FT32 case or a S#288B714A18 three unit ITH

- Relay (4-8 amperes) in the type F'T11 case isrecomr

mended,

SUPERSEDES I.L. 41.498.11G

*Deriotes change from superseded issue.

CONSTRUCTION

The type KD-4 relay consists of three single air
gap transformers {compensators), three tapped auto-
transformers, two cylinder type operating units, and
an ICS indicating contactor switch.

Compensator

i

The compensators which are designated T and
Tge are three-winding air-gap transformers (Fig. 2).
There are fwo primary current windings each current
winding has seven taps which terminate at the tap
block. {Fig.3). They are marked 0.23, 0.307, 0.383,
0.537,.0.690, 0.520 znd 1.23. Current flowing through

-the primary coil provides an MMF which produces

magnetic lines of flux in the core. Compensat'or des-
ignated T, has only one primary winding.

A 'voltage is induced in the secondary which is -

. broportional to the primary tap and current magnitude.

This proporticnality is established by the cross sec-
tional area of the laminated sieel core, the length of
an air gap which is located in the center of the coil,
and the tightnezs of the laminations. All of these
factors which influence the secondary veltage pro-

_ portionality have been precisely set at the factory,

The clamps which hold the laminations should not be
disturbed by eitker tightening or loosening the clamp
SCIEWS. ‘

The secondary winding has a single tap which
divides the winding into two sections. One section
is connected subtractively in series with the relav
terminal voltage. Thus a voliage which is proportion-
al-to the phase current is subtracied vectorially from
the.relay terminal voltage. The second section is
connected to an adjustable loading resistor and pro-
vides a means of adjusting the phase angle relation
between primary current and the induced secondary
voltage. The phase angle may be set far any value
between 45° and 80° by adjusting the resistor be-
tween its minimum and maximum value respectively
or for B8 by open circumiting the resistor, The factory

setting is for a maximum torque angie of 75° currenr
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Fig. 2 Compensator Construction

laggi'ng voltage for phase-to-phase unit and 80° for
three phase unit.

Auto-Tronsformer

The auto-transformer has three taps on its main
winding, S, which are numbered 1, 2, and 3 on thetap
.block. A tertiary winding M has four taps which may
be connected additively or subtractively to inversely
modify the S setting by any value from -15to +15
. percent in steps of 3 percent.

The sign of M is negative when the R lead is
above the L lead. M is positive when L is in a tap
location which is above the tap location of the R
lead, The M setting is determined by the sum of per
unit values between the R and L lead, The actual
per unit values which appear on the tap plate between
taps are 0, .03, .06, and .06.

The auto-transformer makes it possible to expand
the basic range (T = .23 to 1.23 ohms) by a multiplier
of _8 . Therefore, any relay ohm setting can be

1zM

made within + 1.5 percent from 0.2 ohms io 4.35 ohms

by combining the compensater taps T, Tag and
Tge With the auto-transforner taps S and M, Sa and
Ma, and S¢c and Mc

Tripping Unit

The device which acts to initiate tripping is ‘2
four-pole cylinder unit which is connected open delts
and operates as a three-phase induction motor. Con-
tact-closing torque is produced by the unit when the

voltage applied to its terminals has 2 negative-phase

sequence. Closing torque for the relay forces thr
moving contact to the left hand side as viewed from
the front of the relay. Contact-opening torque is pro-
duced when positive-phase sequence voltages are
aprlied. Hence, -the c¢ylinder unit has restraint or
operating torgue as determined by the phase se
quence of the voliages applied to its tefmina_J 5.

Mechanicelly, the cylinder unii is composed of
three basic componenis: z die-cast aluminum frame
and electromagnet, a moving element assembly, and
a molded hridge. .

The frame serves as ihe mounting structure for
the magnetic core. The magnetic core which houses
the lower pin bearing is secured to the frame by a
spring and snap ring. This is an adjustable core
which has a .020 inch flat on one side and is held
in its adjusted position by the clamping action of iwo
compressed- springs. The bearing can be replaced, if

' necessary, without having to remdve the magnetic

core from the frame.

'The electromeagnet has two series-connecied &
coils mounted diametrically opposite one another 1o
excite each set of poles. Liocating pins on the elec- '
tromagnet are used to accurately position the lower
pin bearing, which is mounted on the frame, with
respeclt to the upper pin bearing, which is threaded
into the bridge. The electromagnet iz permanenily
secured to the frame and can not be separated frorm
the frame, '

The moving element assembly consisis of a2
spiral spring, contact carrying member, and an alumi-
num cylinder assembled to a molded hub which holds
the shaft. The hub to which the moving-coniact arns
ig:clamped has a wedge-aud-cal: constructivn, o
provide low-bounce contact action. A casual inspec-
tion of the assembiy might lead one to think that the
contact arm bracket does not clamp on the huh as=
tightly as it should. However, this adjustment is
accurately made ai the faciory and is locked in place
with a lock nut and should nof he changed.

Optimur contact action is ohtained when 2 force
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¢f 7 to 9 grams pressure applied to the face of the
meving contact will make the arm slip one-fourth of
its fotal free travel. Free travel is the angle through
which the hub will slip from the condition of reset
to the peint where the clamp projection begins to
ride ur on the wedge. The free travel can vary be-
tween 15° to 20°

The shaft has removable top and bottom jewel
bearing. The shaft rides between the botiom pin
bearing and the upper pin bearing which is adjusted
to .025 inch from the top of the shaft bearing. The
cylinder rotates in an air gap formed by the electro—
‘magnet and the magnetic core.

The bridge is secured to the electromagnet and
the frame by two mounting screws. In addition to
- holding the upper pin bearing, the bridge is used for
mounting the adjustable stationary contact housing.
This stationary contact has .002 to .006 inch follow
which is set at the factory by means of the adjusting
screw, After the adjustment is made the screw is
sealed in position with a material which flows around
the threads and then solidifies. The stationaty con-
tact housing is held in position by a spring type
clamp. The spring adjuster is located on the under-
side of the bridge and is attached to the moving
cuntact arm by a spiral spring. The spring adjuster is
also held In place by a spring type clamp.

When the contacts close, the electrical connec-
tion is made through the stationary contact housing
clamp, to the moving contact, through the spiral

LEADR

3 Tep Plate

spring and out io the spring adjuster clamp.

Indicating Contacier Switch Unit (ICS)

The indicating contactor switch is a small d-c
operated clapper type device. A magnetic armature,
to which leaf-spring mounted contacts are attached,
is attracted tc the magnetic core upon energization of
the switeh. When the switch closes, the moving con-
tacts bridge two stationary contacts, completing the
trip circuit. Alsc during this operation two fingers
on the armature deflect a sprting located on the front
of the switch, which allows the aperation indicator
target to drop. The target-is reset from outside of the
case by a push rod located at the bottom ofthe cover.

The front spring, in addition to holding the tar-
get, provides restraint for the armature and thus com-
trols the pickup value of the switch.

OPERATION

The KD-4 relay has two major components-com-
pensators and fripping units.Inthe internal schematic
of Fig. 4 the compensators are designated T, Tan,
and Tge, the tripping units, Z (38) & Z (6f). The
phase-to-phase unit Z (#f) operates for ali combina-
tions of phase-to-phase faults (phase 1-2, 2-3 & 3-1).
The 3 phase unit Z (38) cperates for 3 phase faults
and for close-in-two-phase-to-ground fauits, although
most two-phase-to-ground fauits are cleared by opera-
tien of the phase-to-phase unit. Each of the tripping
unjts and its associated compenseator circuit are
electrically separate, and will now be considered
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successively.

Three Phose Unit

A single caompensator T has its primary ener-

gized with (11 — 3Ip)current in Fig. 12 Current I is

the phase 1 current: 31y is the residual current. There
are three compensators shown—one for each of the
three zones. One connection uses an suxiliary current
transformer to insert the 31 component. The alternate
connection supplies the compensator primaries with

(-1 -I3). Bince I +b +Ig =3Ip, (11 -3y} = (-l -K).

(Currents Ip, Ip and Ig are the phase currents). Ac-

cordingly, the alternate connection is equivalent to
the first arrangement, S

As shown in Fig. 12, The T compensator second-
ary is connected to modify the 1.5 time phase 1 voli-
tage. With a fault in the trip direction, the induced
voltage in the compe'nsat'or sécondary bucks ihe 1.5
time phase 1 voltuge.

Vector dlagrams in Fig, 5 illustrate the operation
during 3 phase favlis at four locaticns. The sysier
impedance and the COmpEnsaior angis areassumed i
io be at 9p® for illustrative purposes only. Prefault
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voltages are depicted by the large ftriangle. The
smaller triangle in each case is the system voliages
at the relay location during the fault. This triangle is
modified by the compensator voliage, -1.5 1 Z(,
where Z is the compensator mutual impedance, The
terminals of the tripping unit are deblgnated X YT&
Z. Phase 1 {ripping unit voltage is:

Vg = 1.5Vy - 1.5 1Z¢

Phase 2 and phase 3 fripping unit voltages are:
VY = V2
Vz=V3

For-a fault at A, beyond the relay-operating zone
the compensator voltage -1.511 Z o, modifies the 1.5
times of phase 1 voliage, reducing the voitage fri-
angle on the tripping unit X-¥-Z. With an X-Y-Z rota-
ticn the tnpplng unit torque is in the restralnmg
direction. : :

For a fault at B, the current is larger than for a
fault at A, so thet -1.51Z is larger. The point X is
in line with points ¥ and Z. No forgue is produced
since the X-Y-Z triangle has a zero area.

For a fault in the operating zone, such as at C,
point X is below the YZ line. Now the rotation is
X-Z-Y, which produces operating torque.

For a fault behind the relay at D, restraining
torque is produced. Since the fault is behind the
relay the cfirent is of reversed polarity. 'Compensator
voltage - 1.5 IZ(¢,-increases the area of the bus volt-
age triangle, 1-2-3. Tripping unit voliage has an
X-Y-Z rotation which produces restraining torgue. '

Fig. 8. Impedonce Curves for Type KD -4 Relay.

A solid 3 phase fault at the relay location, tends
to completely collapse the 1-2-3 voltage triangle, The
area of the X-Y-Z triangle also tends to be zero under
these ccnditions: A memory circuit in the KD relay
that consists of inductance X1, and capacitor Cse
provides momentary operating lorgue under these
conditions, for an internal fauli.

The Rgys and Cga parallel resnsmr-capacnor
comblnatmn in the compensated phase corrects for a
shift in the phase-angle relation between the vollage
across the left hand coils of Z (3@) and the voltage

~across the right hand coils of Z (34), in figure 4.

This phase shift is produced by capacitor Czc. The
Rga—C3a combination alsoc provides conirol of
transients ir the induciive coils of the cylinder uniz.

.P.huse-?o-Phcse Unit

Compensator primaries of Tap and Tgpo are
energized by Iy, Ip and I3, &5 shown in Fig. 12. Com-
persator secondaries are connected to modify their
respective phase voltages (e.g.. Tap modifies Vqg),
With a fault in the frip direction, the induced voltages
in the compensator secondaries buck the phase~phase
voltages.

Vector diagrams in Fig. 6 illusirate the operation
during phase 2-3 fauvlis at four locations. The system
impedances and the compensator angle are assumed Lo
be at 907, for illustrative purposes. Prefault volinges
are depicted by the iarge triangles, The smalier light
triangle in each case is the sysierm velizges &l Lhe
relay locatien during the fauli. This rigngie is peodis
fied by the compensator voliages 13 - Ias Ze and
(I - I3) 2 ¢ whereZ¢ is the compensator nutuzl imped-
ance. in this case I} = 0. The terminels of the trip-
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ping unii are designated; X, Y and Z. Tripping unit
voltages are for phase 2-3 fault:

Vxv = Vig ~(11~I3) Z¢

Phase 2-3 tripping unit voltage is:
Vyz = Va3 — (Iz — I3) 2¢

For a fault at A, in Fig. 6, beyond the relay
operating zone, the compensator voltages change the
1-2-3 voltage sequence to the identical X-¥-7 se-
quence. Voliages of this sequence applied to opera-
ting unit produce restraining torque. '

For a fault at B, the currents are larger than for
a fault at A, so that compensator voltages are larger.
Points Y & Zcoincide now and the area of the X-Y-7
triangle is zero, No torgue is produced.

For a fault in the operating zone, such as at C,
the compensator voltages reverse the rotation of
tripping unit voltages to X-2-Y sequence. Voltages
of this seguence applied to operatmg unit produce
nperating torgue.

For a fault behind the relay at D, restraining
torque is produced. Since the fault is behind the
relay, the current is of reverséd polarity and tripping
unit voltzge has an X-Y-Z rotation. This rota.tlon
produces restraining torque,

Note that this unit does not require memory ac-
tion, since the sound-phase voltage reacts with the
_ compensazor voltages to produce a strong restraining

or a strong operating torque, depending upon the fault
location. This is true even for a complete collapse
of the faulted phase-to-phase voltage. .

Similar vector diagrams apply for a fault between
phases 1 & 2 or between phases 3 & 1. Each of the
fhree phase-te-phase faut combinations subjects the
cylinder unit to a dlfferent but smular set of con-
ditions.

CHARACTERISTICS

Distance Charocteristic — Phuse-fo;Phuse Unit

This unit responds tc all phase-to-phase faults
and most two-phase-to-ground faults. It does not re-
spond to load current, synchronizing surges, or out-of-
step conditions. While a characteristic circle can be
plotted for this unit on the R-X diagram as shown in
Fig. 7, such a characteristic circle has no signifi-
cance except in the first quadrant where resistance
and reactance values are positive. A small portion
of the fourth quadrant, in'}olving positive resistance
values and negative reactance values, could have
some significance in the event that the transmission
line includes a series capacitor. The portion of the
circle in the first guadrant is of interest because it
describes what the relay will do when arc resistance
is involved in the fault. The phase-to-phase unit
operating on an actual transmission system is in-
herently directional and no separate directional unit
is required.

An inspection of Fig. 7 indicates that the circle
of the phase-to-phase unit ig dependent on source
impedance Zg. Eowever, the circle always goes
through the line balance peint impedance, The reach
at the ccmpensator {and line) angle is constant, re-
gardless of the system source impedance, The broag-
ening out of the characteristic circle with a relatively
high source impedance gives the phase-to-phase unit
the advantageous characteristic that for short lines,
it makes a greater allowance for resistance in the
fault. Stated another way, the characteristics zpproach
that of a reactance relay more and more closely as
the line being protected becomes shorter and shorter
with respect to the source impedance back of the re-
laying location.

Sensitivity: Phase-to-phase Unit

A plot of relay reach,'in percent of tap block

" setting, versus relay termipal voltage is shown in

Figure 8. The unit will operate with the correct
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directionz] sense for zerc voltage phase-to-phase
faults. For this condition-the fault current must be
netless than 0.030 relay amperes with an ohm setting
of 1,22 with rated voltage on the unfaunlted phase.
Pick up current is proportionally higher in § = 2 and
5 = 3 taps.

The KD-4 relay may be set without regard to ‘

possible overreach due to d-c transients. Compensa-
tors basically are insensitive to d-¢ transients which
attend faults on high-angle systems. The long time-
constant of 2 high-angle system provides a minimum
rate of change in flux-producing transient current

" with respect to time, and therefore induces a minimum

of uni-directional voltage in the secondary. Asymetri-
cal currents resulting from faults on low-angle systems
having a shorl time constant can induce considerable
voltage in the secondary, but for the first half cycle,
the ftransient-derived voliage subtracts from the
steady-state value. This transient decays sp rapidix

that it is insignificant during the second half cvele

when it adds to the steady-state value.

Distance Characteristic - 3 Fhase Unit

The three-phase unit has a characieristic cirele

" which passesthrough the origin as shown in Pigure §.

This circle is independent of source impedance. The

three-phase unit is also irherently directional and
does not require a separate directional unit..

If a sglid-three phase fzult occurs right at the
relay location, the entire voltage triangle cullapses
to 2Zero to give a balance point conditicn, ag showrn
by the relay characteristic in Figure 9 whicl: pagses

“through.the origin. However, since the ¥Z voliage

alse drops to zero, the relay would be unable to de
termine whether an internal or external fault exisied.
To correct this ceondition, a resonant circuit js added
to the 23 voltage circuiiof the relay which allows the
YZ voltage to collapse gradually, thus gciving @ refer-
ence volrage 1o determine whether the favlht is inside
tle protected line sectic: of behing the reluy.

The maximur torgue gnele o ihis onit ie s
for less thar the ling inpedance anele of th, phuse-



TYPE KD-4 RELAY

10

Fig. 11 Type KD-4 Relay Burden Data

i Py T
e ——— L L]
| VOLTAGE BURDEN- St vo&g:z SE;S;N- 5e2
i , 69,38 SAMP f75T i By 3¢ 5 AMPATE"
18 — T:23-123a ! T223 1230
' o ) i BH 2
m | LI ! 4./ . e (147
+ /
[PHzl-20) // . et
" T
12 1 // P Lot
— : i &
i
L T
|~ } P FRs
T ,/ : - o] 5 (35%
% “PHL’H-G) /wilo/
[ T 1 T
i M q
~ B - 5&‘4
g P £
. o =
- R o «
b ‘PHIIEI)S i i : :
. ) H ' oz
! : : > FH |
L 1 =547
4 i ; - -”‘/
R i 2 ~
: ; H H ____.—-/
[ P
1 " N M '
£ — 1 1
Lo |
R- ASQVE'L LABOVE'R | R-ABOVE-L L-ABOVE-R
M5 mOs o3 0 3 =09 Al 3% b | W3 G *05 %08 %
M SETTING W SETTING
188A297 1884298
T T T T 1
HEENEEEN
KD 4 RELAY
- VOL TAGE BURDEN-5=3 KD.4 RELAY
i 6ov.y 30 Sampizge CURRENT BURDEN TABLE
"‘—1—‘ Tr 23-123.n POTENTIAL CIRCUIT 69V|-N , 5=
HE I i THREE PHASE CURRENT: 5 /-75° AMPS,
S i .
i i ' ! PHASE | PHASE 2 PHASE 3
- ! PH2EE) Tap va |vars [wattsl va tvams fwerts| va fvans jwerrs
& P : SETTING
IR ——— e
: '__'—-_ : 23 1,05 1306 [LOI {650[.157].63 .200|.082.150
: ‘ ; Pri3 (437 :
5 e 307 125 |05 |10 | 700|240 660350 |126 |357
wn
w 1 i
E i 383 .45 |.B852 117 | Bo2[.354|122 600 |.262] .54
z , i
Za
or 537 165 |16 |16 (1000615 [766[850 [488.696
Q .
> 1 -
3 : 690 . 185 [L41 |Li9 400|100 )880.950 [.600|,74
i
3’ 820 2251892 (.19 [2i00|L T4 (.18 [1.35 |.94 [.87
2 :
.23 3.2 |298|.19 @3s0(3.02|147(2.20(1.55]1.55
' ) PHI{29)
R-ABOVE-L L- ABOVE-R
=15 -.U’B '.I;IB 0 +03 +08 +15
M SETTING
1884299 1884300




st

TYPE KD-4 RELAY

l.L. 41-498.11H

to~phase unit in order to accomodate more arc resist-
ance. 'The factory setting iz 60° (75° for phase-to-
phase unit); the angle may be readjusted as low as
45°.

Sensitivity —‘KD-A, 3 Phose Unit

The impedance curve for the KD-4 three-phase
unit is shown in Figure 8.

The unit will operate with the correct direction-
al sense for zero volitage three-phase faults when
normal voltage exists at the relay terminals prior to

the fault. This operation occurs due to memory actioh_

as described above. The unit will have zero torgue or

" perhaps a slight opening torque if there is zero volt-

age at the relay prior to the fanlt or afier the memory
action has subsided. With an impedance setting of
1.23 ohms the three-phase unit will directionally
operate for faulis which produce .5 volts line to line
and 2.7 ampere at the relay terminzls.

Sensitivity with .75 volts line-to-iine for any fap
is defined by the following eguation:
I= 34 ampeTes
. T

Where T = Compensator Tap Value

The KD-4 relay may be set withoat regard to
possible overreach due to d-c transients.

General Characterisfics

' Impedance settings in ohms reach can be made
for any value from .2 ohris to 4.35 ohms in steps of
3 percent. The maximum iorque angle which is set
for 75 degrees at the factory for g~f unit, and 60
degrees for 3@ may be set for any wvalue from B0
degrees to 80 degrees for phase-to-phase unit and

- from 45° to 80 degrees for 3 phase unit. A change

in maximum torque adgle will produce a slight change
in reach for any given setting of the relay. Referring
to Fig. 2 note that the compensator secondary voltage

putput V, is largest when V leads the primary current, |

1, by 90°. This 90° relationship is approached, if the
compensator loading resistor {Rz, Rspa or Roc) is
ppen-circnited. The effect of the loading resistor,
when connected, is to prudtice an internal drop in
the compensator, which is out-of-phase with the
induced voltage, IT, ITag or ITca, Thus the net
voltage, V, is phase-shifted to change the compensa-
ter maximum torgue.angie. As a result of this phase
shift the magnitude of V is reduced, as shown in
Fig. 2. Tap markings in Fig. 3 are based vnpon 75 for
phase-to-phase unitand upon a &0° compensator angle
_setting for three phase unit. If the resistors Ry, Ropa,
and Roc are adjusted for some other maximum forgue
angle the nominal reach is different than indicated

"

by the taps. The reach, Z varies with the maximum
torque angle £, as follows:
‘ ' TS sin -
Z = —
{1 + M) sing
where g = factory set angle of 75" for phase 1.
phase unit and 60° for three phase unit. ‘

Tap Plote Maorkings

(T, TA, Tg, and T¢)
.23, .307, .383, .537, .690, .620, 1.23

(8, 84, 5¢)
1 2 3
(M, Mg, M)
zValues between taps .03 .06 .06

TIME CURVES AND BURDEN DATA

Operating Time

The speed of operation for the KD-4 relay three-
phase and phase-fo-phase units is shown by the tine
curves in Figure 10. The curves indicate the time in
milliseconds required for the relay to close its con-
tacts for tripping aftrer the incepticn of a fault at any
point on a line within the relav setring.

Current Circuit Rating in Amperes

Continuous 1 Second

Tap Settin'gr
' §S=18=5 s5=3
1.23 0.0 10.0  10.0 240
.820 10.0 15. 5. 2406
690 .. 10,00 15. 1. 240
537 15. 15 13 240
383 15. 15, 13 240
307 15, 15, 15 240
230 15, 15, 15 240

Burden

The burden which the relays impose upon poien-
tial and current transformers in each phase is shown
by Fig. 11 for the KXD-4 reiay. The potential hurdern
and burden phase angle zre based on 69 volts line-io-
rnieutral applied to the relax terminals. ‘

Trip Circuit Constants

1 ampere rating: 0.1 ohms d-c. resisiance
0.2 2.0 ampere rating: 0.2 tap — 6.0 uline
2tap — 015 uhons

11



TYPE KD-4 RELAY

SETTING CALCULATIONS

’

"Relay reach is set on the tap plate shown in
Fig. 3. The tap markings ate:

T, Ta, T and T
+23-.307-,383-.537-. 690-.920- 1. 23

5, 84, and 8¢
1 2 3

M, Ma, Mg
"0%.06 06

(Values between taps)

Maximum torgue angle is set for 75° (current lagging
voltage) for phase to phase unit and {or 60° for three
phase unit., This adjustment need not be disturbed for
line angles of 65° or higher. For line angles below
65°, set the phase-to-phase unit for a 60° maximum
terque angle unit by adjusting Rpa and Roc, and set
the 3 phgse unit for 45° by adjusting R3. Set Zone 1
reach te be 90%. of the line (85% for line angles of
less than 50%. No need to readjust relay for zone 2

ar 3 application.

Calculations for setting the KD-4 relays are

straightforward and apply familiar principles. Assume
& desired balance point which is 90 percent of the
totai length of line. The general formula for setting
the ohms reach of the relays is:

For phase-to-phase unit

) 0.9
Zg = Zprj —ﬁ%

For three phase Unit

ZQ' =

) ‘ Ry
The terms used in this formula are defined as follows:
Z: = the desired ohmic reach of the relay in

secondary ohms.

4 = 1TSM = the tap plate setting.

T = compensator tap value

S = Auto-transformer primary tap value

£ = Maximum torgue angle setting of relay. This

setting is made in line with recommendations

made above.
M = Auto-transformer secondary tap value.

(This i{s a Per Unit value and is determined by
the sum of the values between the “‘L"’ and the
“'R'" leads. The sign is positive when *‘L'" is
above *'R™ and acts to lower the Z setting.
The sign is negative when ““R'' is above “'L"
and. acts to raise the Z setting).

12

Zpri = olims per phase of the total line section

0.9 = the pertion of the total line for which the relay
is set.

R

c current transformer ratio

Ry = potential transformer ratio

T-compensator tap values refer to standard
maximum torque angle adjustment which is 75° for
phase-to-phase unit and 60° for three phase unir.
The relays having other than standard maximum
torque angle adjustment BE—setting should be modi-
fied as outlined below.

The following procedures shonld be followed in
order to cbtain an optimum tap plate setting of the
relay, Z. ’

1. a) Establish &g

b) Establish & — Relay tap plate settmgs I
4 therelay maximum torque angle # has been
recalibrated to an angle different from the
factory setting, multiply the Z A — value

by factor -?'-——5— fcr phase to phase unit,
8in #°
and by factor Sm 660° for three phase unit,

2. Now refer to the Table 1. .
Table I lists optimum relay tap settings for .
relay range from .2 to 4.35 ohms.

a) Locate a tabl'e value for relay reach near-
est to the desired value 2 (it will always
be within 1.5% or less off the desired

value).
b) Read off the table **S, T " and “‘M’" sett-
ings. “M’-column includes® additional

information for “L.*" and “R’’ leads sett-
ing for the specified *M’* value.
¢} Recheck the obtained §,T,M- settings by

using equation.
: 5T

Z =
1+ M

For example, assume the desired reach Z_, is
% 1.7 ohms at 60, If relay has been recalibrated to a

maximum torque angle of 60° from factory setting of
75° the relay setting, 2 should be:
Sin 75

Z2=1.Tx WD 1.88 chins,

The phase-to-phase unit setting is found as
follows: .
a) The nearest reading is 1-90 ohms_'that is

1.90 100.5¢
1.85

2= x 100 = of the desired reach.
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b) From the Table I read off S=2
T=.920
M=—-.03
and “‘R™ lead should be comnected over ““L*'-
‘lead with “L** connected to “‘O** tap and
“R" - lead to “.03" tap. |

¢) Recheck settings
ST _ 2 x.920

EE{M " 108 - L1895
or i °©
Zg0°= 2 %}% = 1.895 x .898 = 1.70 ohms

Three phaée unit setiing is found as follows:

Since the line characteristic angle is 60° the re-
commended maximum torgue angle setting for three
phase unit will be 45°, If relay has been recalibrated
to 45° from standard factory setting of 60° then the
relay setting should be:

. 8in 60~

4= 2. ————=1.Tx1.225 = 2.08
z=26 Sin 4 x
a) The nearest table value is 2.05

b) From the Table I read off

§=2
T=.920
M=-.12

“‘R* lead shou._ld be over "“L*’, with “L*" -
lead, connected to “.03"" - tzp and *“‘R'’ -
lead connected to upper ‘.06’ - tap.

¢) Rechech settings

5T 2x.920
F— —————— = 2 (0
1:M 1-.12
. or. . -8in 45
Zy5om2 B 00 x.818 =171
Sin 60 :

or 100-.5% of desired setting.

SETTING THE RELAY

The KD-1 relay requires sgttings.for each of the

three compensators (T, Tag and Tpg), each of the
anto-transformers, primaries (8, 84, and S¢) and
secandaries (M, Ma, and Mc). All of these settings
are made with taps on the tap plate which is located
between the operating units. Fig, 3 shows the tap

plate.

Compensator {T, Tag ond Tga)

Eachsetof compensator taps terminate in inserts
which are grouped on a socket and form approximately
three quarters of a circle around a center insert which
is the common connection for all of the taps. Rlectri-

14

cal connections between common insert and tap in-
serts are made with a link that is held in place with
two connector screws, one in the common and one in
the tap, There are two Tg setiings to be made since
phase B current is passed through two compensators.
A compensator tap setting is made by loosening the
connector screw in the center. Remove the connectar
screw in the tap end of the link, swing the link

-around urtil it is in position over the insert for the

desired tap setting, replace the connector screw to
bind the link to this insert, and retighten the con-
nector screw in the center. Since the link and connec~
tor screws camy operating current, be sure that the
screws are turned fo bind snugly.

Aute-Transformer Primary (§, Sa, ond S¢)

Primary tap connections are made through a
single lead for each fransformer. The lead comes out
cf the tap plate throngh a small hole locaied just
below or above the tzps and is held in place con the
tap by a connector screw. (Figure 3).

An *'8" sefting is made by removing the con=
necior screw, placing the connector in pasition over
the insert of the desired setting, replacing and
tightening the connector screw: The connector should
never make electrical contact with more than one tap
at a time,

Aufo-Trunsforn‘ie;’ Secondary (M, Mp, ond Mc)

Secohdary tap connections are made through two
leads identified as L and R for each transformer,
These Ieads come out of the tap plate each through a
smell hole, one on each side of the vertical row of-
“M'" tap inserts. The lead connectors are held in
place on the proper tap by connector SCrews,

Values for which an “*M' setting can be made are
from -.15 to +.15 in steps of .03. The value of 2
setting is the sum of the numbers that zre crossed
when going from the R lead position to the L lead
position. The sign of the “*M" value is determined by

. which lead is in the higher positicn on the tap plater—

The sign is positive (4) if the L lead is higher and
negative (=) if the R lead is higher;

An "M setting may be made in the following
manner, Remove the connector screws so that the L
and R leads are free. Determine from the following
table the desired **M' value. Neither leed connector
should make electrical contact with more than one tap .
at a time.

See Table I for tabulated ““M" settings.
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TYPE KD-4 RELAY

TABLE |
RELAY SETTINGS FOR KD-4 RELAY (.2 - 4.35 OHMS)

5=1 E=2 5=3 LEAD CONNECTION

T (.230 |.307[.383|.537 |.690|.520 {1.23 || .690y .520| 1.23.520( 1.23 |+M -M | “L’-Lead |{“R' Lead
.200' .272|.333|.466 (.600].800 |1.070 || — {1.60 | 2.14] — |3.21+.1B Upper .06 0
.205|.274|.341(.479 {.615|.822 |1.100 || — [1.64 |2.20 | - |3.29 |+.12 Upper 06 | .03
.211(.282|.350 [.493 |.632|.B43 i.120 - |1.69 /224 — (3.38 [+.00 Lower .06 0
.217|.290.361 .506 |.650 |.B69 |1.1680 || — |1.74 [ 2.32) — |3.48 +.06l Upper .06 {Lower.06
.224 |.208|.371|.521 |.670(.892 |1.191 || — 11.78 | 2.38| — |3.58 |+.03 .03 0
.230 1.307|.383|.537 |.650|.,920 |1L.230 || — |1.84 [2.46) — [3.68| O |- 0 0 . 0
.237(.317{.395[.552 (.713(.948 |1.270 | — {190 | 2.54| ~ @ -.03 ol o3
.245 {.327|.407|.571 {.735|.980 |1.310 ||1.47 | 1.96 | 2.62|| ~ |3.83 ~.06| Lower.06 [Upper .08
.253 | — |(.421}.590 |.760{1.010 |1.355 |11.52]2.02 | 2.70 || 3.03 | 4.06 ._'09 0 |Lower.08.
| .261| — |.435| — |.785(1.048 (1.395 1.—‘ 2.09 | 2.80 3.141:’;:53 —.12 ) .03 |Upper .08
271 — |.450 ) — - | = |45 - | - 280 — 14.35 o |=.13 D |Upper .08

and 60+ for three phase unit.
Line Angle Adjustment

Maximum torque angle is set for phase-to-phase

unit -75°. (current lagging voltage) and for 60° for -
.three-phase unit in the factory. For @-§ unit this
‘adjustment need not be disturbed for line angles of

65° or higher. For line angles below 65%, set phase-
to-phase unit for a 60° maximum torque angle by
adjusting the compensator loading resistors Ragp
and Rop, and for 45° maximum torque angle for the
three phase unit by adjusting the resistor Rg3. Refer
to repair calibration parts I and II, when 2 change in
maximum torque angle is desired.

indicoting Contoctor Switch (Ics)

No setting is required for relays with a 1.0 am-
pere unit, For relays with 2 0.2/2.0 ampere unit,
connect the lead located in front of the tap block to

the desired setting by means of the connecting serew. -

When the relay energizes a 125- or 250-volt ¢-c type
WL relay switch, or equivalent, use the 0.2 ampere
tap; for 48-volt d-c applications set the vnit in a tap

* The tap plate values refer to standard maximum forque angle adjustment which is 73° for phase-to-phase unit

2 and use & Type WL relay with a 5x304C209G01 coil,

or equivalent.

INSTALLATION

* The relays should be mounted on switchboard
panels or-their equivalent in a location free from dirt,
moisture, excessive vibration and heart. Mount the re-
lay vertically by means cf the mounting stud for the
type FT projecticn case or by weans -Df the four

:n],yt
1

1. nver

rll?n ‘J"!“r nl 'r-l

mounting holes on the flange for the semi-flush type

FT case. Either the stud or the mounting screws may’
be utilized for' grounding the relay. The electrical
connections may be made directiy to the termingis by
means of screws for steel panel mounting or to the
terminal stud furnished with the relay for thick panel
mounting. The terminal stud may be easily removed
or inserted by lecking two nuts on the stud and then
turning the proper nut with a wrench.

For detall information on the FT case refer o
IL. 41-0786. ‘
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TYPE KD-4 RELAY
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EXTERNAL CONNECTIONS

Fig. 12 shows the connections for 3 zone pro-
tection utilizing the TD-2 timer: Fig. 13 is similar to
Fig. 12 except that the, TD-4 timer is used instead of
the TD-2. Fig. 13 does not show the use of the 5/5
guxiliary current transformer so that the CT neutral
may be formed elsewhere; however, this connection
is egually applicable whether the TD-2 or TD-4 timer
is employed.

A-C connections for additional applications are
shown in Figs. 14, 15 and 16. These connections
apply when the transmission line is terminated in a
power transformer, and when low side voltage and

eloys with Type TD-2 Timing Reloy-Wye.Delfta Bonk Termina.

current are used to energize the relays. Incalenlating .
the reach seftings, the bank impedance mustbe added
to the line impedance.

For the case of & wye-delta bank (Figs. 15 and
16} the voliages and currents are phase-shifted by
30°; however, this fact should be igrored, as the KD
relays are not affected by this rhase ‘shift.

Figs, 14 through 16 show the TD-2 relay: how-
ever, the TD-4 is equally appllcable In the case of
Figs. 15 and 16 the two 55234 A240G07 auxiliary CT's
are not required if the TD-4 is used.

17
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Fig. 17 Test Connections for Type KD-4 Relay

- RECEIVING ACCEPTANCE

KDLQ relays have a very small number of moving
parts and mechanical devices which might become
inoperative, Acceptance tests in general consist of:

1. A visual inspection to make sure there are no
loose connections, broken resistors, or broken
resistor wires. ' -

2. An electrical test to make certain that the
relay measures the balance point impedance
accurately,

Distance Units

Check the elecirical response of the relay by
using the test connections in Figure 17. 8et T, Tp,
‘both Tp, & To for 1,23 5, 84 & 5S¢ for k M, Ma &
Mo for B.15. -

A. Use connections for Test No. 1 and adjust

the voltages Vywop and Vgmgp for 30 volts
each,

18

B. The current required tc make the contacts
ciose for the three-phase (bottom) unit should
be between 15.9 and 16.6 amperes at the
maximum-torgue =zngle of 60° cumrent lag.
{Set phase shifter for 90 ° lag in Fig. 17

C. Use connection for Test No. 4

D. Adjust the voliage between PH.1 and 1F and
between PH.2 and 2F for 45 volts each so:
that the resultant voltage Vipsw eguals 30

veolts (120-45-45

30V)

E. The current required to mzke the contacts
close for the phase to phase (top) unit should
be between 13.7 and 14.4 amperes at an angle
of 75° current lag.

F. Repeat E while using connections for Test

No.

5 and Test No.

6. The difference in

values of current that make the contacts close
for each of the three tesi connections should
not be greater than 3% of the smzallest value.
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TYPE KD-4 RELAY

If the electrical response is outside the limits a more
complete series of test outlined in the section titled
““Calibration’’ may be performed to determine which
component is faulty or out of calibration.

Indicating Contoct Switeh (IC5) N

Close the main relay contacts and pass suffi-
cient d-¢ current through the trip circuit to close the
contacts of the ICS. This value of current should be
not less than 1.0 ampere not greater than 1.2 amperes
for the 1 ampere ICS. The current should not be
greater than the particular ICS tap setting being
used for the 0.2-2.0 ampere ICS, The operation indica-
tor target should drop freely.

The contact gap should be approximately 0.047"
for the 0.2/2.0 ampere unit and 0.070"" for th'e 1.0
ampere unit between the bridging moving contact and
the adjustable stationary contacts. The bridging mov-
ing contact should touch both stationary contacts
simultaneounsly.

ROUTINE MAINTENANCE

The relays should be inspecied periodically, at
such time intervals as may be dictated by experience,
to insurethat the relays have retained theircalibration
and are in propet operating condition.

All contacts should be cleaned periodically. A
contzct burnisher #182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended because of the
danger of embedding small particles in the face of the
soft silver and thus imparing the contact. '

Distonce Units

CAUTION: befbre making ‘‘hi-pot'’ tests, jumper all
contacts together to avoid destroying arc-suppressor
capacitors.

Use connections for tests 1, 4, &5 & 6 of Fig. 17
to check the reach of the relay, or use a ¥-Dar Test
unit for this purpose, When using test 1 of Fig. 17
the phase angle meter must be set for 30° more than
the maximum forgue angle. Note that the impedance
measured by the 3-phase unit in test 1 is Zp =
Vi1 . ‘

/3L I where Vi, is the phase-to-phase voltage
and Iy, is the phase current; similarly, in tests 4, 3,
& 6 of Fig. 17 the phase-to-phase unit measures
Vi1

2Ly,

Zg =

Indicating Contocter Switeh {1C5}

Close the main relay contacts and pass suffi- -

cient d-¢ current through the trip circuit to close the
contacts of the ICS. This value of current should be
not less than 1.0 ampere nor greater than 1.2 amperes
for the 1 ampere ICS. The current should not be
greater than the particualr ICS tap setting bHeing used
for the 0.2-2.0 ampere ICS. The operation indicator
target should drop freely,

REPAIR CALIBRATION

Use fhe following procedure for calibrating the re-
lay if the relay has been taken apart for repairs orthe
adjustments disturbed.

Connect the relay for testing as shown in Figure

17. The four-pole-double-throw switch shown in the

test circuit selects the type of voltage condition, for

a phase-to-phase or a three-phase faull, that will be

applied to the relay voltage terminals. The rotarv

switeh switches the fanlt voltage to various terminals

" and thereby simulates any combination of phase-to-

phase faults without the tesier having to change con-

nections ‘or readjust the phase shiffer and variable
auto-transformers.

_ For best results in checking calibration, the re-.
lay should be allowed to warm up for approximately -
one hour at rated voltage. However, & cold relay will
probably check to within two percent of the warm
relay.

* Tripping Units & Initial Spring Setting

With the staticopary contacts open so that the
moving contact cannot touch, set the moving contact
spring adjuster so that the coniact floats freely in

_the gap. Make sure that there is no friction which pre-
vents free movement 6f the cylinder and contact arm.

The upper pin bearing should be screwed dewn
until there is approximately .025 inch (one complete
turn of the screw) between it and the top of the shaft
bezaring. The upper pin bearing should then be secure-
1y locked in position with the lock nut. The lower
bearing position is Iixed and cannot be adjusted.

Avtotransformer Check

Auto-transformers may be checked for turns ratio
.end polarity by using the No. 1 test connections of
Figure 17, and the procedure outlined below.

Set 8, 54, and 5¢ cn‘tap number 3. Set the "*R"

leads of M, Ma, and Mg =211 on 0.0 and disconnect all
the “‘L”" leads. Adjust the voliages Vipop and
Vopgp for 00 volts. Measure the voltage fromterminal
8 to the =1 tap of S4. It should be 30 velis. From §

19
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to the #2 tap of 54 should be 60 volts. The voltage
should read 30 volts from 8 to S¢ = 1 and 60 volts
from 8 to 8¢ = 2, Voliage from terminal 6 to tap #1 of
8 should be 26 volts. From 6 to the tap #2 of S should
be 52 volis,

Set 5, S, and S¢ on 1 and adjust Vipgop and
Vopgg for 100 volts. Measure the voltage drop from
terminal 8 to the Mg taps. This voltage should be
equal to 100 (1 + sum of valres between R and the

© tap being measured). Example; 100 (1 + .03 + .06) =
109 volts,

Check the taps of M in the same manner, In-
crease voltage Vipgp and Vopgp to 115 volts.
Check taps M voltages to terminal 6 in the same
manner as tap M above. Transformers that have an
output different from nominal by more than 1.0 volt
probably have been damaged and should be replaced.

Distance Unit Calibration

Check to see that the taps on front of the tap
biock are set as follews:

T, Ta, Tp, and T¢ set on 1.23 (Tap Tg is set
twice}

5, 54, and 5o set on 1
“L" for M, My, and Mc set on 0.0
“R" forM, My, and MC set on 0.0

I. Three-Phose Unit

Core and Ryp Resistor Adjustments

Set R 3 resistor for 100 ohms. Adjustable part
of Rg 5 should be connected for full resistance.

The relay should be preheated for at least one
. hour in the case to eliminate change in tuning due
* io self-heating. spring set as above.

A. Connect relay terminals 8§ and 9 together,'

apply, rated a-c voltage between terminals
7 and 8. Adjust core by turmning it slightly

until the contact arm restrains very sligh?y.
~ o T
B. Connect relay for test #4 (Fig. 17). Set

;YlF2F for 2 volts. Set phase shifter so that
;'ruif'voltage leads current by the angle & which
A is the maximum torque angle of the 3¢ unit.
(60° - for standard unit.) Make sure that the
applied voltage'is of correct phase sequence,
Adjust resistor Ry so that 3¢ unit trips at
.82 ~ .90* amperes. This comesponds to

100% of relay setting of T=1.23 S=1 M=0.

v

20
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C. Use test connections #6 (Fig. 17). Check the
pickup it should be between 1.3 - 2.0 amp.
If this doesn’t meet this condition, rotate
core approximately 80° as per part A and re-
peat parts A, B, C. If necessary, rotate core
again.

For relays set for different maximum torque
angle @ that is different from 60° the pickup
current should be multiplied by a factor of
Sin 60° '
Sin &

Maximum Torque Angle Adjustment

1. Use the No. 1 test switch positions and lead
connections as tabulated in Figure 17.

2. Adjust the voliages Vipom and Vopap for
20 volts with Brush No. ! and Brush No. 2
respectively.

3. Open Rg resistor by disconnecting the leag
going to the adjustable fap on the resistor. Ad-
just current for 15 amperes and rotate phase
shifter to find the two angles, €1 and &y, at
which the bottom unit contacts just close.

The maximum torgue angle measured with Rj

open should be(glz—gz - 30) degrees, This

angle should be between 88° and 91°. Connect |
Ry resistor back and measure agzin for maximam
torque angle. This angle should be between 58°
and 61°, If necessary readjust Rg resistor for
correct angle.

4. A smaller angled may be obtaired by reducing

Rz, in which case the test current should be

equal tb 15 sin 60°
sin &

increased by increasing Rg.

amperes, The angle may be

3. If it was found necessary to change Rq re
sistor to a setting different from the originally
set value repeat parts B and C of preceding
calibration procedure.

. Centoct Adjustment

With moving-contact arm against right-hand back-
stop, screw the stationary contact in until it just
touches the moving contact. (Check for contact by
using an indicator lamp.} Then back the left hand
contact out two-thirds (2/33 of one turn to give 0.020-
inch gap between contacts, i

Spring Restraint! Reconnect for a three-phase fault,
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Test No. 1, and set the phase shifter so that the
current lags voltage by the maximum - torque angle,
(90" in Fig. 17). Adjust the spring so that the current
required to close the lefi-hand contact is as follows:
Voltages Vypop and Vapgp = 2.5 volts

Current to trip XD-4 = 1.46 amp
Deenergize relay. Contact should stay open.
1l. Phose-to-Phaose Unit:

Core and Rpc - Adjustment

A) No cwrent is applied to relay. BSet Rac-
resistor so that the-adjustable band is in the
* center of the resistor. Spring set as per

initial setiing.

B) Connect terminzls 7 & B together and apply
rated a-c voltage between terminais §-9.
Adjust core until contact arm floats in the
middle of the gap. Use a screwdriver with
insulated blade to avoid accidental contact
with tap plate inserts.

C) Connect terminals 8 & 9 together and apply
rated a-c¢ voliage between terminals 7 and 8.
The contact arm should float. If not, readjust
the core. Only slight readjustment should be
reguired to do that. If this not possible rotate
core 180° and adjust. Then recheck part B tc
see if contact is floating,

D) Connect terminals 7 & 9 together. Apply
rated a-c voltage to terminals 7 & 8. Adjust
resistor Ry, uniil contact arm floats.

Moximum Torque Angle Adjustment (Fig. 17) .

1. Use the No; 2 Test switch position and lead
connections. This connection is for checking
and adjusting the maximum torque angle of
the Tpp compensator.

2. Adjust the voltage Vipop and Vopgp for 10
vplts with Brush No. 1 and Brush No. 2 re-

spectively.

3. Adjust the current to 15 ampers and rotate the

phase ghifter to find two angles, 6'1 and '5'2,
at which the fop unit contacts just close. The
maximum torque angle £ forthe phase-to-phase

unit then is {ig-gz— — 30) degrees.
* This angle should be 73—77 degrees.

This angle & can be changed by adjusting .

Roa. o

In this case, the test current should be equal
15 sin 75°

o ——m
sin

‘T
ST

? f
e 1Y e
! — /

d 7y
T

amperes. A lower value of resis-

ance gives a smaller angle and a higher re-
sistance value gives a greater angle.

5. Use the No. 3 Test Connections ang repeat
the above procedure to check and adjust the
angle of the TBC - compensator. This ad-
justment is made with Roc.

Spring Restroint

1. No current is applied to relay. Use Test No.
1 connections except reverse the voltage
phase sequence by interchanging the Brush
connections so that Brush 1 is connected to
3F and Rrush 2 is connecied to 1F.

2. Adjust the voitages Vipop and Vopap for
3.5 volis each with Brush No. 2 and Brush
No. 1 respectively. Position the moving con-
tact spring adjuster so that the contact just
fioats and then return the circuit connections
to normal with Brush 1 to 1F and Brush 2 tg
3F. ‘

3. Deenergize relay. Conlact should stay open.

Contact Adjustment

The procedure for contact adj'ustment for the
phase-to-phase unit is identical to that described for
three-phase unit.

The phase-to-phase unit is now calibrated and
should be accurate to within = 2% of the comrected tap
value setiing over the range of fault voltages from
2.5 Vy,.1, to 120 Vi_1,. The comecied tap value is
actual relay reach at a given maximum torque angle

T5 sin <
(1 =M (sin 757
iz now calibrated and ready for service.

“and is equal to Zz = . The relay

1I'. Compensator Check

- Accuracy of the mutual impedance Zo of the
compensators is set within very close tolerances at
the factory and should not change under normal con-
ditions. The mutual impedance of the compensators
can be checked with accurate instruments by the
procedure outlined below, '

A. Set T, Tp, T, and T on the 1.23 tap.

* B. Disconnect the “"L’" leads of sections M, Mp,
and Mc and the brush leads of Rg, Rgga, and
Ror without disturbing the brush setting, {With
resistor loading removed - = 80 1.

C. Connect terminals 1210 14, 13 t0 17, 1610 18
and pass 20 amperes . ¢. current in terminal
19 and out of terminal 13.

.

g .

f/ 7
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D. Measure the compensator voltage Ve with a
high resistance voltmeter 5,000 ohm/volt as
tabulated below. Refer to Figure 1 for the
location of Ry, Rpa, and Rog.

Measure Ve
From To Fixed Voltmeter Reading
Terminal End of
Lol oo - sin &
“L"o Rs3 Vo=151IT (W)

=42.6 volts (& = 80°)

T oM | Raa sin &

sin 75°

Vo = IT ¢

= 0. . & = o
“L"ofMe | Rac 50.9 volts (& = 80°)

E. Any compensator that has an output which is
1 volt more or less than the nominal values
given above should be replaced,

Iv 0.verul| Check

After the calibration procedure has been com-
pleted, perform the following check.

A, Three-Phase Unit

Connect the relay for a three-phase fault, Test
No. 1 of Figure 17, and set the phase shifter so that
the phase angle meter indicates 30° more than the
maximum torque angle. The current required to trip
the relay should be within the limits specified for
€ach of the voltages. Note that for the three-phase
unit the impedance measured by the relay is

VL-L

+/8IL

voltage anr_:l IL is phase current.

where V1,1, is phase-to-phase fault

Amperes (5=60" ) t+ & t

Volts l
ViF2F -
& V2F3F min Imax
| 2s ~ 1.48
) 10 4.6 1.8
] I
L 30 13 8 14.4

22

t to determine the limits of current when £ is not
equal to 60° multiply the nominal values tabulated
sin 60°

above by the ratio -

11 Phase angle meter set for & + 30°.

B. Phase-to-Phase Unit

Using the connections for Tests Nos. 4, 5, and 6
set the phase shifter so that the current lags voltage
by &°. The current required to trip the phase-to-phase
unit should be within the limits specified for each of
the voltages. Note that for the phase-to-phasé unit
Vico
: 21L,
where Vi1, is phase-to-phase fault voltage and I,

the impedance measured by the relay is Zy =

is phase current.

Volts Amperes { &= 75°) 't
Test
Ne. | vipor Imin Imax
25 .98 1.08
4,586 5.0 1.99 2.10
30.0 11.9 12.5
70.0 28.0 29.

7 To determine the limits of current when £ is not
equal te 75°, multiply the nominal values tabulated

. sin75°
above by the ratio sin 3

If test 4 and 5 produce different resulis, rotate
core about 1-2 degrees until tests 4 and 5 are within
limits above. For best results trip current for parts 4
and 5 should be within 2%, :

It test #6 is out of limits readjust R e resistor
until current limits are met. '

1If substantial core or resistor changes are made,
recheck parts A, B, C, D of Core and R Adjustment.

Indicating Contoctor Switch (1C5)

Close the main relay centacts and pass-spffi-
cient d-c current through the trip cireuit to close the
contacts of the ICS. This value of current should be
not less thar 1.0 ampere nor greater than 1.2 amperes
for the 1 ampere ICS. The current should not be
greater than the particular ICS tap setting being used
for the 0.2-2.0 ampere ICS, The cperation indicator
target should drop freely. '
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The contact gap should be approximately 0.047"
for the 0.2/2.0 ampere unit and 0.070" for the 1
" ampere unit, between the bridging moving contact and
the adjustable stationary contacts. The bridging
moving contact shounld touch both stationary contacts
simujtaneously.

RENEWAL PARTS

Repair work can be done most satisfactorily a1
the factory. However, inferchangeable parts can be
furnished to the customers who are eguipped for
doing repair work. When ordering paris, always give
the complete nameplate data.

TABLE i

NOMENCLATURE FOR RELAY TYPE KD-4

UNIT ‘ ITEM DESCRIPTION
Z(3¢) Two Element-Coils; Total d-c Resistance = 125 to 155 ohms
Z{3¢) 2-3 Two Element-Coils; Total d-c Resistance = 360 to 440 ohms
Rga. Rgrp * Combination of 2 resistors. Total Resistance 2500 ohms (One Re-
sistor is fixed, one adjustable).

& Rz 2 inch Resistor 300 ohms Adjustable

%7 Caa ' ) 2.0 MFD Capaciwr.

E’ Cac 0.50 MFD Capaciter _

g T Compensator (Primary Teps - .23; .307; .383; .537; .690; .020; 1.23)

a 8 . Auto-Transformer Primary (Teps- 1; 2, 3) '
M Auto-Transformer Secondary (Between Taps-0.0; .03; .06; .06_: )
XLy, X5 Reactors ' |
Z(¢-¢) Two Element-Coils; Total d-c Resistance = 180 to 220 ohms

& RAC 3% inch Resistor 750 ohms Adjustable

. é RoaRoe 2 inch Resistor 600 ohms. Adjust'able

E .~ CaaCyo 1.35 MFD Capacitor

IJJD; TaR TBC Compensator Same as T

E 8a 5 ' Same a5 8
Mg Mo Same as M

23
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