INSTALLATION

Westinghouse  1.L. 414904
OPERATION e MAINTENANCE

INSTRUCTIO NS

TYPE KD-10 AND KD-11
COMPENSATOR DISTANCE RELAY

Caution: Before putting protective relays into
service, 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 con-
nections.

APPLICATIONS

The type KD-10 relay (Figure 1), is a polyphase
compensator type relay which provides a single zone
of phase protection for all three phases. It provides
* essentially instantaneous tripping for phase-to-phase
faults, two-phase-to-ground faults, and three -phase
faults within the reach setting and sensitivity level of
of the relay. The relay is interchangeable with KD or
KD-4 relays.

The type KD-11 relay (Figure 1), is similar tg
the KD-10 relay except that its charagferistic
impedance circle includes the origin. Thisirelay’is
usually applied as a carrier start relay in“directienal
comparison blocking schemes but it may also be
used for time delay tripping in straight/ @istance
relaying. Both KD-10 and KD-11 relays haye indicat-
ing contactor switches rated 0.2/200 amperes. The
2.0 ampere tap must be used“for ‘directional com-
parison blocking (KA-4) applicagsions. The 2.0
ampere target is recommended, fopdirect trip applica-
tions. The 0.2 ampere targétl@is reeommended where
a 125 or 250 volt lockofit relay (WL) is energized
and 2.0 ampere where a 48volt/Jockout relay is used.

Refer to I.L. 40-208 4for a description of how
KD-10 relay are, uséd dn directional comparison
blocking systeéms.

For time-diStance applications the KD-10 and
KD-11 relaysiare sised with the TD-4 or TD-52 or
TD-5 d-c transisterized timers. See Figs. 19 and 24
for the external schematics for 3 zone protection,
using the TB*4 and TD-52 relays, respectively. For
further discussion see ‘‘External Connections’’.

Fault detectors are used to supervise the trip
ciréuit for those applications where the line side
potentials are used or loss-of-potential supervision
1S"desired. Otherwise, undesired tripping may occur
on line oscillations or loss of potential. The cyl-
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*Denotes change from previous issve.

inder type KC-2 or KC-4“telaya(2-8 amperes) is re-
commended. The plungerf®r other magnetic attraction
type relays (e.g. a three umit SC relay or a three
unit ITH relay) may beyused if the fault detector
contacts carry triap coil'eurrent rather than auxiliary
relay (e.g. auxdliarymtfip unit, timer, etc.) current.

The SC or. ITH"relay may also be used if a slow
dropout gcentacty (e.g. TX contact of TD-5 timer
relay) is ayailable to be connected around the fault
detecter contacts.

CONSTRUCTION

The type KD-10 and KD-11 relays consists of
thre® single air gap transformers (compensators),
three tapped autotransformers, two cylinder type
operating units, and an ICS indicating contactor
switch.

Compensator

The compensator, which is designated T (Fig. 2)
is a two-winding air gap transformer, it has one
primary current winding. The compensators which
are designated Tapg and Tgc are three winding air
gap transformers, they have two primary current
windings. Each primary 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, 0.920, 1.23 —
for 0.2 —4.5 ohms relay

0.87, 1.16, 1.45, 2.03, 2.9, 4.06, 5.8
for 0.75—21 ohms relay

1.5, 2.0, 2.5, 3.51, 5.0, 7.02, 10.0
for 1.3 — 36.7 ohms relay

All possible contingencies which may arise during
installation, operation, or maintenance, and all
details and variations of this equipment do not
purport to he covered by these instructions. 1f
Sfurther information is desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative
should be contacted.
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Current flowing through the primary coil provides
an MMF which produces magnetic lines of flux in the
core.

A voltage is induced in the secondary which is
proportional to the primary tap and current magnitude.
This proportionality is established by the cross
sectional area of the laminated steel core, the
length of an air gap which is located in the center
of the coil, and the tightness of the laminations. All
of these factors which influence the secondary
voltage proportionality have been precisely set at
the factory. The clamps which hold the laminations
should not be distrubed by either tightening or
loosening the clamp screws.

The secondary winding has a single tap which
divides the winding into two sections. One section
is connected subtractively in series with the relay
terminal voltage. Thus a voltage which is propor-
tional to the phase current is subtracted vectorially
from the relay terminal voltage. The second section
is connected to a potentiometer and a fixed loading
resistor and provides a means of adjusting the phase
angle relation between primary current and the
induced secondary voltage.

Avuto-Transformer

The auto-transformers has three taps onffits
main winding, S, which are numbered 1, 2 @and 3
on the tap block. A tertiary winding M ghas four
taps which may be connected additively, or sub-
tractively to inversely modify the S sefting ‘¥ any
value from -18 to + 18 percent in steps of 3 percent.

The sign of M is negative/whenfthe R lead is
above the L lead. M is positivetwhen L is in a tap
location which is above the faps location of the R
lead. The M setting is“detetmined by the sum of per
unit values betweed the Rjpand L lead. The actual
per unit values whichdappear on the tap plate be-
tween taps are 0, .08§.09 and .06.

The auto-transformer makes it possible to ex-
pand the basic range of ‘“T’’ ohms by a multiplier

of ‘Lherefore, any relay ohm setting can be

1+M*
madewithin )+1.5 percent from the desired value by
confbining the compensator taps T, TAB, and TBC
with ¢he "auto-transformer taps S and M, S and M,

and Sc and Mc. See tables I, II, and III for complia-
tion of settings available.

Tripping Unit

The device which acts to initiate tripping is a
four-pole cylinder unit which is connected “open
delta and operates as a three-phase induetion motor.
Contact-closing torque is produced by the unit
when the voltage applied to its “terminals has a
negative-phase sequence. Closingy torque for the
relay forces the moving contagt o the left hand
side as viewed from the front%f the relay. Contact-
opening torque is produeed /when positive-phase
sequence voltages aré applied. Hence, the cylinder
unit has restraint or“@perating torque as determined
by the phase sequenge ofdthe voltages applied to its
terminals.

Mechanically, “¢he cylinder unit is composed of
three baslic cémponents: a die-cast aluminum frame
and elgectromagnet, a moving element assembly, and
a molded bridge.

The frame serves as the mounting structure for
the magnetic core. The magnetic core which houses
the Tower 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
two compressed springs. The bearing can be re-
placed, if necessary, without having to remove the
magnetic core from the frame.

The electromagnet has two series-connected
coils mounted diametrically opposite one another to
excite each set of poles. Locating pins on the
electromagnet are used to accurately position the
lower pin bearing, which is mounted on the frame,
with respect to the upper pin bearing, which is
threaded into the bridge. The electromagnet is
permanently secured to the frame and cannot be
separated from the frame.

The moving element assembly consists of a
spiral spring, contact carrying member, and an
aluminum cylinder assembled to a molded hub which
holds the shaft. The hub to whichthe moving contact
arm is clamped has a wedge-and-cam construction,
to provide low-bounce contact action. A casual

s,
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inspection of the assembly might lead one to think
that the contact arm bracket does not clamp on the
hub as tightly as it should. However, this adjustment
is accurately made at the factory and is locked in
place with a lock nut and should not be changed.

Optimum contact action is obtained when a
specified pressure applied to the face of the moving
contact will make the arm slip one-fourth of its total
free travel. Free travel is the angle through which
the hub will slip from the condition of reset to the
point where the clamp projection begins to ride up
on the wedge. The free travel can vary between 15°
to 20°.

The shaft has removable top and bottom jewel
bearings. The shaft rides between the bottom 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 .0015 to .0085 ifich
follow which is set at the factory by means ofjthe
adjusting screw. After the adjustment is_made the
screw is sealed in position with a materialpywhich
flows around the threads and then sglidifies. The
stationary contact housing is held in position by a
spring type clamp. The spring adjusterdis located
on the underside of the bridge ‘andyis attached to
the moving contact arm bypa“ispiral spring. The
spring adjuster is also held“in place by a spring
type clamp.

The main contagt” of” KD-10 and KD-11 relays
will close 30 @mp ‘at’ 250V d.c. and the seal-in
contact of the 1ndicating contactor switch will
carry this urrest long enough to trip a breaker.

When the conpdets close, the electrical connect-
tion is made through the stationary contact housing
clamp, to the moving contact, through the spiral
spring and out to the spring adjuster clamp.

Indieating Contactor Switch Unit (ICS)

The indicating contactor switch is a small d-c
operated clapper type device. A magnetic armature,
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to which leaf-spring mounted contacts are agtached,
is attracted to the magnetic core upon ghnergization
of the switch. When the switch closes, \the moving
contacts bridge two stationary contacts, completing
the trip circuit. Also during this operation two fingers
on the armature deflect a spring locatedgon the front
of the switch, which allows the operation indicator
target to drop. The target is reSef) from outside of
the case by a push rod located atfthe bottom of the
cover.

The front spring, in,addition to holding the
target, provides restraing, for the armature and thus
controls the pickup*walue of the switch.

OPERATION

TheWKDa10 relay has two major components-
gompensators and tripping units. In the internal
schematic)of Fig. 4 the compensators are designated
T, TAag. and Tgc, the tripping units, Z (3¢) & Z
(@P)fThe phase-to-phase unit, Z (¢¢), operates for
all combinations of phase-to-phase faults (phase
1-2, 2-3 & 3-1). The 3 phase unit Z (3¢) operates
for 3 phase faults and for close-in-two-phase-to-
ground faults, although most two-phase-to-ground
faults are cleared by operation of the phase-to-phase
unit. ‘Each of the tripping units and its associated
compensator circuit are electrically separate, and
will now be considered successively.

Three Phase Unit

A single compensator T has its primary energized
with (Iy —3Ig) current in Fig. 19. Current Iy is the
phase 1 current; 3Ig is the residual current. There
are three compensators shown one for each of the
three zones. One connection uses an auxiliary

current transformer to insert the —SIQ component.
The alternate connection supplies the compensator

primaries with (~I —I3). Since Iy + Iy + I3 = 31,
(I; —3Ig) = (~Iy ~K). (Current I, Iy and Ig are the
phase currents). The 3Ig current is needed to provide
overlap with the ¢¢ unit on 2-phase-to ground faults.

Accordingly, the alternate connection is equiva-
lent to the first arrangement. Note that relay 21-—3,
a type KD-11, also has a current winding Z. This
winding is wound on the tripping unit so that the
R-X diagram circle includes the origin, as explained
under ‘‘Characteristics’’.
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As shown in Fig. 19 the T compensator second-
ary is connected to modify the phase 1 voltage.
With a fault in the trip direction, the induced voltage
in the compensator secondary bucks the phase 1
voltage.

Vector diagrams in Fig.8 illustrate the operation
during 3 phase faults at four locations. The system
impedance and the compensator angle are assumed
to be at 90° for illustrative purposes only. Prefault
voltages are depicted by the large dashed triangle.
The smaller dashed traingle in each case is the
system voltages at the relay location during the
fault. This triangle is modified by the compensator
voltage, —I1Zc where Z is the compensator mutual
impedance. The terminals of the tripping unit are
designated: X, Y & Z. Phase 1 tripping unit voltage
is:

Vx = Vi —11 Z¢ (1)
Note that 3Iy =0 for 3-phase faults

Vl = 1.5 Vyg (2)
Phase 2 and phase 3 tripping unit voltages are:

VY = V2 (3)

VZ = V3 (4)

For a fault at A, beyond the relay opérajing
zone, the compensator voltage, —I; Z¢, modifies
the phase 1 voltage, reducing the voltage triangle
of the tripping unit to X-Y-Z. With an"X-Y=Z rotation
the tripping unit torque is in the restraining direct-
ion.

For a fault at B the currenf'1s larger than for a
fault at A, so that —Ij Zc isylarger. The point X
is in line with points Y & /. No,torque is produced,
since the X-Y-Z triangle hasfa zero area.

For a fault infthe Operating zone, such as at C,
point X is below“th® YZfline. Now the rotation is

X, Z, Y, which produce$ operating torque.

For a fault behind the relay at D, restraining
torque is ¢produced. Since the fault is behind the
relay the, current is of reversed polarity. Compen-
sator yoltagei®—1) Zx, increases the area of the bus
voltage triangle, 1-2-3. Tripping unit voltage has
anWX-X¥-Z rotation which produces restraining
tergue.

A solid 3 phase fault at the relay locatian,
tends to completely collapse the 1-2-3 vgltage
triangle. The area of the X-Y-Z triangle alsoitends
to be zero under these conditions. A memory cireait
in the KD-10 relay provides momentary operating
torque under these conditions, for an internalpfault.
In the KD-11 relay the winding Zmin the current
circuit, in conjunction with thegcompersator voltage,
produces a current only torquegy whi€h maintains
operating torque under the conditien ofizero potential.

The P3p — Rgp panallelfresistor-capacitor
combination in the cémpensated phase provides
correct phase-angle gelation® between the voltage
across the front and backycoils of Z (3¢) and the
current, similar phaseWshift is produced in left and
right hand coil$ by eapacitor C3c. The P3p —C3a
combination falso (provides control of transients in
the coils of the“@ylinder unit.

Phase-to-Phase Unit

Compensator primaries of T apg and Tgc are
energized by Iy, I9 and I3 as shown in Fig. 19.
Compensator secondaries are connected to modify
theirfrespective phase voltages (e.g. Tppg modifies
Vi2). With a fault in the trip direction, the induced
voltages in the compensator secondaries buck the
phase-phase voltages.

Vector diagrams in Fig. 9 illustrate the operation
during phase 2-3 faults at four locations. The system
impedances and the compensator angle are assumed
to be at 90°, for illustrative purposes. Prefault
voltages are depicted by the large dashed triangles.
The smaller light triangle in each case is the system
voltages at the relay location during the fault. This
triangle is modified by the compensator voltages —
(I1 — Ip) Z¢ and —(Ip — I3) Z where Z¢ is the
compensator mutual impedance. In this case I, =0.
The terminals of the tripping unit are designated;
X, Y, and Z. Tripping unit voltages for phase 2—3
faults are:

Vxy =Vig =1 = 19) Z¢ ()

Vyz = Vo3 — g —I3) Z¢ (6)

For a fault at A, in Fig. 9 beyond the relay
operating zone, the compensator voltages change the
1-2-3 voltage sequence to the X-Y-Z sequence. Volt-

s,
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ages of this sequence applied to operating 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 & Z coincide now and the area of the
X-Y-Z triangle is zero. No torque 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-Z-Y sequence. Voltages
of this sequence applied to operating unit produce
operating torque.

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

Note that this unit does not require memory
action, since the sound-phase voltage reacts with
the compensator voltage to produce a strong res
straining or a strong operating torque, depending
upon the fault location. This is true eyen “for a
complete collapse of the faulted phage-to-phase
voltage. The phase-to-phase unit is4qidentical in
the KD-10 and KD-11 relays.

Similar vector diagrams apply for a*fault/between
phases 1 and 2 or between phases 8 & 1.“Each of the

three phase-to-phase fault €eombinations subjects
the cylinder unit to a similar<9set of conditions.

CHARAGTERWISTICS

Distance Characterisfics-Phase-to-Phase Unit

This unit résponds 40 all phase-to-phase faults
and most #wo-phase-to-ground faults. It does not
respond 40 lead current, synchronizing surges, or
out-of-step ‘eonditions. While a characteristic circle
can be plotted*for this unit on the R-X diagram as
shown in Fig. 10 such a characteristic circle has
no signific@nce except in the first quadrant where
resistance and reactance values are positive. A
smabl ) portion of the fourth quadrant, involving
positive resistance values and negative reactance
values, could have some significance in the event
that the transmission line includes a series ca-
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pacitor. The portion of the circle in the first quadrant
is of interest because it describes wirat thesrelay
will do when arc resistance is involved in the fault.
The phase-to-phase unit operating onwsan actual
transmission system is inherently directional and no
separate directional unit is required.

An inspection of fig. 10 indicates that the circle
of the phase-to-phase uUnit ispdependent on source
impedance Zg. Howewer the circle always goes
through the line balancefpoint impedance. The reach
at the compensat@r, (andf line) angle is constant,
regardless of phe syStem source impedance. The
broadening out, of4th€ characteristic circle with a
relatively high S@urce impedance gives the phase-
to-phase unit@the advantageous characteristic that
for short lines, it makes a greater allowance for
resistancé in the fault. Stated another way, the
characteristics approach that of a reactance relay
moere and more closely as the line being protected
beeomes shorter and shorter with respect to the
source impedance back of the relaying location.

Sensitivity: Phase-to-Phase Unit

A plot of relay reach, in percent of tap block
setting, versus relay terminal voltage and current
sensitivity is shown in Figure 12. The unit will
operate with the correct directional sense for zero
voltage phase-to-phase faults. For this condition
the fault current must be not less than 0.015 relay
amperes with an ohm setting of 5.8 with rated volt-
age on the unfaulted phase. Pick up current is
proportionately higher in S = 2 and S = 3 taps.

The KD-10 relay may be set without regard to
possible overreach due to d-c transients. Compen-
sators basically are insensitive to d-c transients
which attend faults on high-angle systems. The
long time constant of a 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 second-
ary. Asymetrical currents resulting from faults on
low-angle systems having a short time constant can
induce considerable voltage in the secondary, but
for the first half cycle, the transient-derived voltage
subtracts from the steady-state value. This transient
decays so rapidly that it is insignificant during the
second half cycle when it adds to the steady-state
value.
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Distance Characteristic — KD-10 3 Phase Unit

The three-phase unit has a characteristic circle
which passes through the origin as shown in Figure
11. This circle is independent of source impedance.
The three-phase unit is also inherently directional
and does not require a separate directional unit.

If a solid-three phase fault occurs right at the
relay location, the entire voltage triangle collapses
to zero to give a balance point condition, as shown
by the relay characteristic in Figure 11 which passes
through the origin. However, since the YZ voltage
also drops to zero, the relay would be unable to
determine whether an internal or external fault
existed. To correct this condition, a resonant circuit
is added to the 2—3 voltage circuit of the relay
which allows the YZ voltage to collapse gradually,
thus giving a reference voltage to determine whether
the fault is inside the protected line section or
behind the relay.

Sensitivity — KD-10 3-Phase Unit

The unit will operate with the correct directional
sense for zero voltage three-phase faults when
normal voltage exists at the relay terminals prior
to the fault. ‘'This operation occurs due to memory
action as described above. The unit will have zera
torque or perhaps a slight opening torque if théne
is zero voltage at the relay prior to the fault or after
the memory action has subsided. For medium and long
reach relays with an impedance setting of 5.8 ohmis
the three-phase unit will directionally opefate for
fault which produce 2 volts line to line amd 1.0
ampere at the relay terminals.

Sensitivity with 2 volts line-to<kine ‘for any tap
is defined by the following equation.

amperes (N

For short reach relays (:2-4.56 ohms) with an
impedance setting of 1.23%hms the three-phase unit
will directionally opgrate fompfaults which produce
.5 volts line to line amd 2.7 ampere at the relay
terminals.

Sensitivity with .75 volts line-to-line for any
tap is defined by the following equation:

3.4
I = —F=_amperes
T

TheWKD-10 relay may be set without regard to
possiblémewerreach due to d-c transients.

Distance Characteristic: KD-11, 3 Phase Unit

The three phase unit of the KD-11 relay hds a
characteristic circle which includes the originyas
shown in Figure 13.

A single turn current coil on the cylinder unit
provides for current-only torque and is small com-
pared to the many turns of the T Max4 setting of the
compensator and has very littlepinflience on the
overall settings. However, as, the, compensator
setting is reduced, the single /turn current coil
becomes larger by comparison fand has more and
more effect on the overall settings.

For 1.3-37 ohms rangeWthe reach and maximum
torque angle will vary.f@as follows:

T Nominal | T Actmal [“%Error | MTA [T Reverse

10 10 0 75° .13
7.02 7909 2 76° .13
5.0 5.10 2 77° .12
3.91 3.65 4 78° .12
2.50 2.60 4 80° .11
2.00 2.08 4 82° .11
1.50 1.65 10 817° .11

For .75-21 ohms range the reach will vary as
follows:

T Nominal | T Actual | % Error| MTA [T Reverse

5.8 5.3 0 15° .13
4.06 4.20 3.5 76° .13
2.90 3.12 4 78° .12
2.03 2.15 6 79° .12
1.45 1.57 8 82° .12
1.46 1.30 12 85° .11
.87 1.02 17 90° .11

When setting KD-11 relays disregard the change

in T-value, but include the percentage error into test
current values.

Sensitivity: KD-11, 3 Phase Unit

The impedance curve for the KD-11 three-phase
unit is shown in Figure 12. This unit will operate
to close the left hand contact on current-only for 3
or more amperes relay current with T set for 5.8 or
T = 10.0 for 1.3-36 ohm relay and for 7.5 amperes
or more with T set for .87.
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General Characteristics

Impedance settings in ohms reach can be made
for any value in the range of

.2 — 4.5 — for short reach relays

* 15-21.2 — for medium reach relays

1.27—36.7 — for long reach relays

The maximum torque angle for all phase-to-phase
units is set for 75 degrees at the factory, and may be
* set for any value from 60 to 63 degrees and from 75 to
78 degrees. A change in maximum torque angle will
produce a slight change in reach for any given setting
of the relay. Referring to Fig. 2, note that the com-
pensator secondary voltage output V, is largest when
V leads the primary current, I, by 90°. This 90° rela-
tionship is approached, if the compensator loading re-
sistor (RZA, or RZC) is open circuited. The effect of
the loading resistor, when connected, is to produce an
internal drop in the compensator, which is out-of-
phase with the induced voltage, ITAB or ITAC. Thus
the net voltage, V, is phase-shifted tochange the com-
pensator maximum torque angle. As a resulf ofithis
phase shift the magnitude of V is reducedgas shown
*in Fig. 2. Other angles may be set by changing fixed
scries resistors Roa and Roc,

The maximum torque angle of the 3-phase unit of

the medium (.73-21.2 ohms) and the\longjreach (1.27-

36.7 ohms) is set for 75 degrees apthe™factory, and it

*may be set for any value from, 60 t® 63 degrees and

from 75te 78 degrees. Otheranglesy,may set by chang-
ing fixed resistor Rg

The maximum torquetangle of the 3-phase unit of
the shortreach (.2-4, 6 ohms)relay is set for 60 degrees
at the factory and may be)set for any value from 45 to

* 48 degrees and from 5848 63 degrees. By changing R3
any other afgle qmay be set. The 90-degree setting is
approachédyforfall rafiges when R3 resistor is open cir-

* cuited. For 30 unitf or R2A and ch for phase-to-phase
unit.

Tap markings are based upon nominal settings
aSmspecified above. If the phase loading potentio-
meters P3. Pgpa, or Poc are adjusted for some other
maximum in torque angle the relay reach is different
from the nominal as described under settings.

1.L.471-490A

TIME CURVES AND BURDEN DATA

Operating Time

The speed of operation for the KD-10 relay three-
phase and phase-to-phase units is shown by the time
curves in Figure 14. The curyes indicate the time in
milliseconds required , for{ the™telay to close its
contacts for tripping after the dnception of a fault
at any point on a line within“the relay setting.

Figure 15 and Figure®6 show the KD-11 operat-
ing time of the“phase;t6-phase unit and the three-
phase unit respectively. These curves show both
contact-opening time and contact-closing time for
faults within theéprelay setting.

Cusfent Cifcuit Rating in Amperes

Al rated 10 amp. continuous 1 second 240 amp.
< except for 1-37 ohm range where
for S=1 T =10 continuous rating is 6 amp
S=2 T =10 continuous rating is 8 amp
S=3 T =10 continuous rating is 9 amp
S=1 T =17.02 continuous rating is 7 amp

Burden

The burden which the relays impose upon poten-
tial and current transformers in each phase is shown
by Figure 17 and Figure 18 for the KD-10 and KD-11
relays respectively. The potential burden and burden
phase angle are based on 69 volts line-to-neutral
applied to the relay terminals.

Trip Circuit Constants

0.2 tap — 6.5 ohms
2 tap — 0.15 ohms

SETTING CALCULATIONS

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

T, Ta, Tg and T
0.23 — 0.307 — 0.383 — 0.537 — 0.690 — 0.920 —
1.23 (short reach)

*0.87 -1.16 — 1.45 — 2.03 — 2.9 — 4.06 — 5.8
(medium reach)
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1.5 - 2.0 — 2.5 —3.51 — 5.0 -7.02 — 10.0 maximum torque angle adjustment as pe
(long reach) table I, II, or III.

In general recalibration of the relay a

S, 84, and S¢ torque angle other than the standar

1, 2, 3 value is neither desirable nor required.

Where it is necessary, the phase loﬁiing

M, My, Mc potentiometers Pg, Pg Pyc are

.0, .03, .09, .06 adjusted for som\ aximum

torque angle, the relayWre becomes

(Values between taps) different from th Jomin tap plate

settings and ta @ etting should
be modified as ined under Maximum
Torque Angle sideration.

Calculations for setting the KD-10 and KD-11
relays are straightforward and apply familiar prin-
ciples. Assume a desired balance point which is 90
percent of the total length of line. The general
formula for setting the ohms reach of the relay is:

The following preecedure?should be followed in
order to obtain an opi etting of the relay.

7 - zpri 29 Re (9) 1. Establis .Q Equation (9).
v 2. Now ble I, II, or III, these tables
The terms used in this formula and hereafter lists elay settings for relay.

are defined as follows: a) at table value for relay reach nearest

Z - the desired ohmi b of th 1 . to desired value Z (it will always be
= the desired ohmic reach of the relay in ithin 1.5% or less off the desired value).
secondary ohms.

ead off the Table ‘S, T’’ and ‘‘M’’ settings.
““M”’ — column includes additional informa-
relay is set. tion for ‘‘L’’ and ‘‘R’’ leads setting for the

\ specified ““M’’ value.
R = current transformer ratio ¢) Recheck the obtained S, T, M — settings by
Ry = potential transformer ratio using equation (10).

Zpri = ohms per phase of the tota‘lin section Z = ST
For example, assume the desired reach, Z is 7.8

1+M
to the following equation: \
ohms at 75°. (Step 1)
z + ST (10
1+M Step (2a) In Table II we find nearest value to

compensator tap "@ 7.8 ohms 7.88 that is 100 x ;33 - 101 percent
Auto-transform tap value. ’

of the desired reach.

0.9 = the portion of the total line for which the

“ 9
I

I+
=
I
o3
=
—
o
&
—

econdary tap value.

.. . | Step (2b). From Table I read off:
(This is a value and is determined B

by the sum o values between the “‘L’’
and the ‘‘R’’ leads. The sign is positive 5 =2
when ‘“‘L%® is above ‘“‘R’’ and acts to T =4.06

lower the Z setting. The sign is negative

‘‘R’’ is above ‘L’ and acts to raise
Z setting.) and “‘L"’ — lead should be connected over ‘‘R’’—

lead, with ‘“‘L’’ lead connected to ‘‘03’’ — tap
CA The tap plate values refer to standard and ‘R’ - lead to tap “‘0”’.

M = +.03
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ages of this sequence applied to operating 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 & Z coincide now and the area of the
X-Y-Z triangle is zero. No torque 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-Z-Y sequence. Voltages
of this sequence applied to operating unit produce
operating torque.

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

Note that this unit does not require memory
action, since the sound-phase voltage reacts with
the compensator voltage to produce a strong res
straining or a strong operating torque, depending
upon the fault location. This is true even fer a
complete collapse of the faulted phasé-to-phase
voltage. The phase-to-phase unit is d4dentical in
the KD-10 and KD-11 relays.

Similar vector diagrams apply for a‘fagilt between
phases 1 and 2 or between phases 3’& 1., 'Bach of the

three phase-to-phase fault @ombinations subjects
the cylinder unit to a similar “set of conditions.

CHARACFERISTICS

Distance Characteri stics- Phd@se-to-Phase Unit

This unit relsponds_t0 all phase-to-phase faults
and most tWo-phase-to-ground faults. It does not
respond #0 load current, synchronizing surges, or
out-of-step eonditions. While a characteristic circle
can be plotted for this unit on the R-X diagram as
shown in Fig. 10 such a characteristic circle has
no significdnce except in the first quadrant where
resistance and reactance values are positive. A
smabl hportion of the fourth quadrant, involving
pesitive resistance values and negative reactance
values, could have some significance in the event
that the transmission line includes a series ca-

I.L. 41-490A

pacitor. The portion of the circle in the firstl quadrant
is of interest because it describes whatr themrelay
will do when arc resistance is involved in the fault.
The phase-to-phase unit operating on%sam actual
transmission system is inherently directional and no
separate directional unit is required.

An inspection of fig. 10findicates that the circle
of the phase-to-phase unit, 1s,dépendent on source
impedance Zg. Howeyer the, circle always goes
through the line balancepoint impedance. The reach
at the compensatony (and#line) angle is constant,
regardless of the sysStem source impedance. The
broadening out, of “the" characteristic circle with a
relatively high seurce impedance gives the phase-
to-phase unit“he advantageous characteristic that
for short lines, it makes a greater allowance for
resistancef in’ the fault. Stated another way, the
charagtenistics approach that of a reactance relay
moere_and more closely as the line being protected
beeomes shorter and shorter with respect to the
source impedance back of the relaying location.

Sensitivity: Phase-to-Phase Unit

A plot of relay reach, in percent of tap block
setting, versus relay terminal voltage and current
sensitivity is shown in Figure 12. The unit will
operate with the correct directional sense for zero
voltage phase-to-phase faults. For this condition
the fault current must be not less than 0.015 relay
amperes with an ohm setting of 5.8 with rated volt-
age on the unfaulted phase. Pick up current is
proportionately higher in S = 2 and S = 3 taps.

The KD-10 relay may be set without regard to
possible overreach due to d-c transients. Compen-
sators basically are insensitive to d-c transients
which attend faults on high-angle systems. The
long time constant of a 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 second-
ary. Asymetrical currents resulting from faults on
low-angle systems having a short time constant can
induce considerable voltage in the secondary, but
for the first half cycle, the transient-derived voltage
subtracts from the steady-state value. This transient
decays so rapidly that it is insignificant during the
second half cycle when it adds to the steady-state
value.
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Distance Characteristic — KD-10 3 Phase Unit

The three-phase unit has a characteristic circle
which passes through the origin as shown in Figure
11. This circle is independent of source impedance.
The three-phase unit is also inherently directional
and does not require a separate directional unit.

If a solid-three phase fault occurs right at the
relay location, the entire voltage triangle collapses
to zero to give a balance point condition, as shown
by the relay characteristic in Figure 11 which passes
through the origin. However, since the YZ voltage
also drops to zero, the relay would be unable to
determine whether an internal or external fault
existed. To correct this condition, a resonant circuit
is added to the 2—3 voltage circuit of the relay
which allows the YZ voltage to collapse gradually,
thus giving a reference voltage to determine whether
the fault is inside the protected line section or
behind the relay.

Sensitivity — KD-10 3-Phase Unit

The unit will operate with the correct directional
sense for zero voltage three-phase faults when
normal voltage exists at the relay terminals prior
to the fault. /' This operation occurs due to memory
action as described above. The unit will have zer@
torque or perhaps a slight opening torque if thHere
is zero voltage at the relay prior to the fault or after
the memory action has subsided. For medium and/long
reach relays with an impedance setting of 5.8 ohms
the three-phase unit will directionally opgrate for
fault which produce 2 volts line to “ine “and 1.0
ampere at the relay terminals.

Sensitivity with 2 volts line-t@zléne“for any tap
is defined by the following equation:

amperes (7N

For short reach relays (.2:4.55 ohms) with an
impedance setting of 1.28y0hmS_the three-phase unit
will directionally opérate faom, faults which produce
.5 volts line to Lime amd 2,7 ampere at the relay
terminals.

Sensitivity with .75 volts line-to-line for any
tap is defined by the following equation:

.4
= —=— amperes
T

The) KD-10 relay may be set without regard to
possibleyowverreach due to d-c transients.

Distance Characteristic: KD-11, 3 Phase Unit

The three phase unit of the KD-11 relay has a
characteristic circle which includes the origin, as
shown in Figure 13.

A single turn current coil on the cylinder unit
provides for current-only torque and is small com-
pared to the many turns of the T Max. sebting of the
compensator and has very little, influence on the
overall settings. However, as ‘the compensator
setting is reduced, the sinfgle/ turn current coil
becomes larger by comparisonfand has more and
more effect on the overall settings.

For 1.3-37 ohms rangegtde reach and maximum
torque angle will vary as fallows:

T Nominal | T Actual 8% Error | MTA |T Reverse
10 10 0 75° .13
7.02 09 2 76° .13
5.0 5.10 2 77° .12
351 3.65 4 78° 12
2.50 2.60 4 80° .11
2.00 2.08 4 82° .11
1150 1.65 10 87° .11

For .75-21 ohms range the reach will vary as
follows:

T Nominal | T Actual | % Error | MTA |T Reverse
5.8 5.3 0 75° .13
4.06 4.20 3.5 76° .13
2.90 3.12 4 78° .12
2.03 2.15 6 79° .12
1.45 1.57 8 82° .12
1.46 1.30 12 85° .11

.87 1.02 17 90° .11

When setting KD-11 relays disregard the change

in T-value, but include the percentage error into test
current values.

Sensitivity: KD-11, 3 Phase Unit

The impedance curve for the KD-11 three-phase
unit is shown in Figure 12. This unit will operate
to close the left hand contact on current-only for 3
or more amperes relay current with T set for 5.8 or
T = 10.0 for 1.3-36 ohm relay and for 7.5 amperes
ormore with T set for .87.
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General Characteristics

Impedance settings in ohms reach can be made
for any value in the range of

.2 — 4.5 — for short reach relays

* .15-21.2 — for medium reach relays

1.27-36.7 — for long reach relays

The maximum torque angle for all phase-to-phase
units is set for 75 degrees at the factory, and may be
* set for any value from 60 to 63 degrees and from 75 to
78 degrees. A change in maximum torque angle will
produce a slight change in reach for any given setting
of the relay. Referring to Fig. 2, note that the com-
pensator secondary voltage output V, is largest when
V leads the primary current, I, by 90°. This 90° rela-
tionship is approached, if the compensator loading re-
sistor (RZA, or R2C) is open circuited. The effect of
the loading resistor, when connected, is to produce an
internal drop in the compensator, which is out-of-
phase with the induced voltage, ITAB or ITAC. Thus
the net voltage,V, is phase-shifted tochange the com-
pensator maximum torque angle. As a resulgfofithis
phase shift the magnitude of V is reduced,f&s shown
*in Fig. 2. Other angles may be set by changing fixed
series resistors Ry and Ry,

The maximum torque angle of th€"3-phas€e unit of

the medium (.73-21.2 ohms) and the\longteach (1.27-

36.7 ohms) is set for 75 degrees“at, thesfactory, and it

*may be set for any value from 60 t© 63 degrees and

from 75 to 78 degrees. Other@ngles, may set by chang -
ing fixed resistor Rg

The maximum torquejangle of the 3-phase unit of
the shortreach (.2-4.90hms)relay is set for60degrees
at the factory and mayfbe|set for any value from 45 to

* 48 degrees and from 580’63 degrees. By changing R3
any other apgle may be, set. The 90-degree setting is
approachedfordall ranges when R3 resistor is open cir-

* cuited. For 3 uni tfor R2A and R2C for phase-to-phase
unit.

Tap markings are based upon nominal settings
aspspecified above. If the phase loading potentio-
meters P3. Pga, or Poc are adjusted for some other
maXimum in torque angle the relay reach is different
feom the nominal as described under settings.

1.L. 41€490A

TIME CURVES AND BURDEN DATA

Operating Time

The speed of operation for the KD-10 relay three-
phase and phase-to-phase units is shown by the time
curves in Figure 14. The curves indicate the time in
milliseconds required for fthegelay to close its
contacts for tripping after the inception of a fault
at any point on a line within“the relay setting.

Figure 15 and Figuremd6 show the KD-11 operat-
ing time of the @hase-to-phase unit and the three-~
phase unit respectiwely. These curves show both
contact-opening time and contact-closing time for
faults within th@yrelay setting.

Current Circuit Rating in Amperes

Al rated 10 amp. continuous 1 second 240 amp.
exeept for 1-37 ohm range where
for S=1 T = 10 continuous rating is 6 amp
S=2 T =10 continuous rating is 8 amp
S=3 T =10 continuous rating is 9 amp
S=1 T =17.02 continuous rating is 7 amp

Burden

The burden which the relays impose upon poten-
tial and current transformers in each phase is shown
by Figure 17 and Figure 18 for the KD-10 and KD-11
relays respectively. The potential burden and burden
phase angle are based on 69 volts line-to-neutral
applied to the relay terminals.

Trip Circuit Constants

0.2 tap — 6.5 ohms
2 tap — 0.15 ohms

SETTING CALCULATIONS

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

T, Ta, Tg and T

0.23 — 0.307 — 0.383 — 0.537 — 0.690 — 0.920 —
1.23 (short reach)

*0.87 - 1.16 — 1.45 — 2.03 — 2.9 — 4.06 — 5.8
(medium reach)
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1.5 — 2.0 — 2.5 — 3.51 — 5.0 —7.02 — 10.0
(long reach)

S, Sp, and Sc
1, 2, 3
M, MA’ Mc

.0, .03, .09, .06
(Values between taps)

Calculations for setting the KD-10 and KD-11
relays are straightforward and apply familiar prin-
ciples. Assume a desired balance point which is 90
percent of the total length of line. The general
formula for setting the ohms reach of the relay is:

. 0.9R,
Z=2Zpri ——=—— (9)
Ry

The terms used in this formula and hereafter
are defined as follows:

Z = the desired ohmic reach of the relay in
secondary ohms.

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

R = current transformer ratio

Ry = Dpotential transformer ratio

Zpri = ohms per phase of the tota‘lm section

The relay tap plate setting — Z is(Nording

to the following equation:

ST
1+M

compensator tap v
Auto-transform tap value.

r secondary tap value.
value and is determined
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

‘‘R’”’ is above ““L’’ and acts to raise
setting.)

Z (10

« 3
I

I+
=
I
>
IS}
-
(@)
s
S
o

r
U

CA The tap plate values refer to standard

>

maximum torque angle adjustment as peO
table I, II, or IIL

In general recalibration of the relay a
torque angle other than the standa

value is neither desirable nor required.
Where it is necessary, the phase lodding

potentiometers Pg, P2 Poc are

adjusted for so maximum

torque angle, the rel e becomes
i

r
different from th 1 tap plate
settings and tap etting should
be modified as i under Maximum
Torque Angle nsideration.

The following precedurey should be followed in
order to obtain an @ptim setting of the relay.

1. Establis
2. Now able I, II, or III, these tables
list elay settings for relay.

a) ca table value for relay reach nearest
desired value Z (it will always be

to
&hin 1.5% or less off the desired value).

ead off the Table ‘S, T’’ and ‘‘M’’ settings.
‘““M’’ — column includes additional informa-
tion for ““L*’ and ‘“‘R’’ leads setting for the
specified ‘“M’’ value.

c) Recheck the obtained S, T, M — settings by
using equation (10).

ST
1+M

7 =

For example, assume the desired reach, Z is 7.8
ohms at 75°. (Step 1)

Step (2a) In Table II we find nearest value to

7.8 ohms 7.88 that is 100 x ;':8 = 101 percent
7

of the desired reach.

Step (2b). From Table I read off:

S =2

T =4.06

M = +.03
and ‘“‘L’* — lead should be connected over ““R’’—
lead, with ‘‘L’’ lead connected to ‘03" — tap

and ‘‘R’’ — lead to tap “‘0”’.
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7 - 0.5' 51;15.60“ = 612 ohms Compensator (T, TAB and Tgc)
sin Each set of compensator taps t in in in-
serts which are grouped on a socket an approx-

Referring to Table I use closest settin . .
rrne 4 ¢ & imately three quarters of a circle around a center

For phase-to-phase unit insert which is the common connectiap for all of the

Ta, 7. T, T =.937 taps. Electrical connectionssbetween common insert
My, M = -.06 and tap inserts are made Wi ink that is held in
place with two connecto rewss, one in the common
Sa. 8¢ =1 and one in the tap. aréptwo Tp settings to be
For 3-phase unit closest setting made since phase C is passed through two
compensators. A ator tap setting is made

T =.690 . .
by loosening c ector screw in the center.
M= +.12 Remove the n screw in the tap end of the
S -1 link, swing'the k around until it is in position
. . over thegns for the desired tap setting, replace

5. If for some reasons an exact correction is re-

the comnne crew to bind the link to this insert,

quired to match up the line impedance Zp, at an .
. a ti the connector screw in the center.
angle a, and relay has been recalibrated from . .
. . . Sin link and connector screws carry operating
nominal maximum torque to a new maximum i
be sure that the screws are turned to bind
ly.

torque angle [3 # a, then relay setting Z — should

be equal to x
- Z Line sin Gy KAU o-Transformer Primary (S, SA, and SC)

(13)

) o of the tap plate through a small hole located just
Relay with original &, -~ 75° has below or above the taps and is held in place on the
brated to (3 = 60° and to be applied t ne tap by a connector screw. (Figure 3).

with line angle & = 50°
. An ‘'S’ setting is made by removing the con-
The relay setting —Z relay — 1 accord-

li-

sin B cos (3-a)
Primary tap connections are made through a
For Example: single lead for each transformer. The lead comes otit
e ca
0 hmabi

. nector screw, placing the connector in position over
ing to Eq. (13) & the insert of the desired setting replacing and tight-
ening the connector screw. The connector should
never make electrical contact with more than one tap
at a time.

5 sin 75°

Z relay =

60°—

- = 5.65 ohms.
sin 60°, ¢ )

should be S =1
T=5

Auto-Transformer Secondary (M, Mp, and Mc)

or referring to Tabxlay actual setting

Secondary tap connections are made through two
leads identified as L. and R for each transformer.
These leads come out of the tap plate each through
a small hole, one on each side of the vertical row
T G THE RELAY of ‘“*‘M”’ tap inserts. The lead connectors are held
in place on the proper tap by connector screws.

The KD-10 and KD-11 relays require settings for

each of theqthree compensators (T, T ap, and Tge), Values for which an ‘‘M’’ setting can be made
each) of the auto-transformers primaries (S, Sp, and are from —.18 to +.18 in steps of .03. The value of
secondaries (M, My, and Mc). All of these a setting is the sum of the numbers that are crossed

ings are made with taps on the tap plate which when going from the R lead position to the L lead

is located between the operating units and relay position. The sign of the ‘*M’’ value is determined
-energized. Fig. 3 shows the tap plate. by which lead is in the higher position on the tap

13
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plate. The sign is positive (+) 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 conneéctor screws so that the
L and R leads are free. Determine from the Tables
I to III the desired ‘‘M”’ value. Neither lead con-
nector should make electrical contact with more
than one tap at a time.

Line Angle Adjustment

Maximum torque angle adjustment, if required, is
accomplished by adjusting the compensator loading
resistors P3, Pga, and Ppc. Refer to Repair Cali-
bration for procedure.

Indicating Contactor Switch (ICS)

Connect the lead located in front of the tap block
to the desired setting by means of the connecting
screw. When the relay energizes a 125- or 250- volt
d-c type WL relay switch, or equivalent, use the
0.2 ampere tap; for 48-volt d-c applications set the
unit in a tap 2 and use a type WL relay with &
S#304C209G01 coil, or equivalent. The relay@is
shipped set for 2.0 tap.

INSTALLATION

The relays should be mounted opPsWitchboard
panels or their equivalent in a locatien free from
dirt, moisture, excessive vibration®and heat. Mount
the relay vertically by means of the mounting stud
for the type F'T projection casetor by means of the
four mounting holes on the fdange for the semi-flush
type FT case. Eithes the,.sStud or the mounting
screws may be utilizéd fomygrounding the relay. The
electrical connections jflay b€ made directly to the
terminals hy meansieffscrews for steel panel mount-
ing or to the terminal“stdd furnished with the relay
for thick panel mounting. The terminal stud may be
easily removed or inserted by locking two nuts on
the stud and@then turning the propernut with awrench.

For_detail®information on the FT case refer to
I.L. 41-076x)The relay contacts should stay open
withgpanel de-energized.
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EXTERNAL CONNECTIONS

Fig. 19 shows the connections for 3 zoneW\pro-
tection utilizing the TD-4 timer. Fig. 24 is similar
to Fig. 19 except that the TD-52 timer is used in-
stead of the TD-4 (Fig. 20 does show the use of the
5/5 auxiliary current transformer g0 that the CT
neutral may be formed elsewherei®however, this
connection is equally applicable whether the TD-4
or TD-52 timer is employed).

A-C connections for additional applications are
shown in Figs. 20, 21, 22,and 23. Three of these,
Figs. 20, 21, and 22fapply when the transmission
line is terminated in%a power transformer, and when
low side voltagegand current are used to energize
the relays.oIn (ealculating the reach setting, the
bank impedanceymustde added to the line impedance.

For‘the @ase, of a wye-delta bank (Figs. 22 and
21) thefvoltages and currents are phase-shifted by
30°; (howewer, this fact should be ignored, as the
KD-10%and KD-11 relays are not affected by this
phaseéyshift.

Fig. 23 shows a KD-10 and TD-5 relay connect-
ed for generator back-up protection.

SWITCHBOARD TESTING WITH
KD-10 AND KD-11 RELAYS

Immediately prior to placing the relay in serv-
ice, the external wiring can be checked by mani-
pulating the current and voltage applied to the relay.
If such a check is desired, refer to Appendix I for
the procedure.

RECEIVING ACCEPTANCE

KD-10 and KD-11 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 pointimpedance accurately.
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Distance Unit-Electrical Tests

Check electrical response of the relay using
test connections shown in Figure 26. Figure 27
features the same connections except shows use of
additional switches that facilitate fast switchover
from ‘‘phase-to-phase’’ — fault mode to.‘‘three phase’’
— fault mode. Test connections, referred to in test,
are the same on both drawings. Accuracy of the test
results will depend to large degree on the accuracy
of the instrumentation used. In general, it is advis-
able to restrict instrument readings to the last 20
percent of the scale. For most accurate phase angle
readings use phase shifter scale. This method
requires calibration of the scale using accurate
wattmeter (at 90° — 0 watts and at 0° — maximum
watts), or an accurate phase angle meter.

Make sure that correct lead-lag reference is
established. Once phase shifter is calibrated remove
wattmeter from the circuit. Make all phase angle
reading from phase shifter scale. This method elimin-
ates the need for switching the current ranges in
phase angle meter when used and results in superior
accuracy. Always observe contact condition®™before
current is applied. Closed contacts indicate reyerse
voltage sequence applied. Special atteation®S&hould
be paid to the phase-to-phase fault mode.

All testing is done outside the caSe./Alhcurrent
readings include for convenience, 6 pefcent toler-
ance. This tolerance includes *2(5 pergent factory
tolerance and *3.5 percent allowance for'total instru-
mentation error.

All phase angle settingsyare fault current lagging
the VPHI-PHZ — voltages
The impedance measured by the 3-phase unit in

VL-L

test 1 (Fig. 26)is Zg=-C—"— (14)
1.73 Iy,

where Vi _if"is the phase-to-phase voltage and Iy is

the test éurrent; similarily, in tests 5, 6 & 7 of Fig.

26 the phase-to-phase unit measures Zp :VﬂJ_ 15)
21y,

With phase shifter set at maximum torque angle

(G

VL-L
= —— 1
I test (3 phase) T732g (16)

1.L.[41-490A

Itest (¢p—cb) - _'LL (17)
2 Zgr

When testing 3 phase unit, phase shifter settings are
always set for 30° higher than nominal maximum
torque angle to account for test set-up where all
angle measurements aref/ made, with reference to
phase-to-phase and notyphase-to-neutral quantities.
3¢-unit maximum torque angle is always referred to
phase-to-neutral.

At any other angle,a, relay reach is

Z = 2Zpcos (GM—a) (18)

where ze—relay reach at maximum torque angle—@m.
Testfcurrentr— Ia — is calculated as

T ) 1OM (19)
cos (t9m— a)

Igm — testcurrent at O
This equation (19) should be used to predict

test current when plotting impedance circle response
of the relay.

Relay Settings — Set relay as follows:

Relay Range .2-4:5 | .75-20 | 1.3-36
T, Ty, Tg. Tg» To | 1.23 5.8 10.0
M, M. Mo +.15 +.15 +.15
S, Sa. Sc 1.0 1.0 1.0

If the relay is tested with other settings than
specified in acceptance test use voltage levels
specified here, -except double the voltage specified
for S = 2 settings and triple for S = 3 settings.

When testing KD-11 relays with other settings
than specified here, refer to correction factors listed
under Distance Characteristics: KD-113-Phase Unit.

Use equations (16) and (17) to estimate test
current, and allow *5 percent tolerance as explained
above.

Three Phase Unit (Lower Unit)

A. Use test connections #1 of Fig. 26 and set
VleF = VIF‘BF‘ = 30 volts.

15
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The current required to close contacts of the
bottom unit should be:

.2-4.5 .75-20 1.3-36
* | Trip current amp [ 15.3-17.6|3.3-3.68 | 1.90-2.16
A Phase Shifter 90° 105° 105°
set at
Nominal maximum
torque angle &, 60 7% 75

AIf maximum torque angle @, has been changed

It sin em

sin f3

to a new angle 3, the new I = (20)

and test the relay at the new 3 — angle.

Phase-To-Phase Unit (Top Unit) =

A. Use test connection #5 set Vpipg = 30 volts =

Vtault
Note that to set this voltage set voltage Vi—IFp=

V2_2F1 , first.
Example: Vin =120
Vfault = 30

120-30 .
then Vi_1p = V22F =————=45 Volts,

up one of these voltages to set V
exact value.

I, at

The current required to close co
unit should be:

acts of the top

Range .2-4. @20 1.3-36

A TripCurrent .3-14.7 | 2.85-3.15 | 1.63-1.80
(It)amperes

Phase Shifter
set current 75° 75° 15°
lagging L 4

B. Repeat the test using test connections #6 an

Maximum Torque Angle Test

If maximum torque angle test performance is
desired follow instructions under CALIBRATION

allowing +5° tolerance. Observe t e voltage
and current limits correction loned above
when relay is set for other setti t specified

here. The test currents s
following multiplier

modified by

1—'0—7 for .2-4.5 oh
Z

5.03

2= for 0 range
Z

8.7

-36 ohm range

actor Switch (ICS)

Indica

e the main relay contacts and pass suf-

1 c current through the trip circuit to close
acts of the ICS. The current should not be

r than the particular ICS tap setting being

gr
.~V
Make sure that, VI_IF:vz_zF:Y%E (2 used for the 0.2-2.0 ampere ICS. The operation
\ target should drop freely.

The contact gap should be approximately 0.047’’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simult-
aneously.

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.

ROUTINE MAINTENANCE

The relays should be inspected periodically, at
such time intervals as may be dictated by experi-
ence, to insure that the relays have retained their
calibration and are in proper operating condition.

All contacts should be cleaned periodically. A
contact burnisher #182A836H01 is recommended for
this purpose. The use of abrasive material for clean-



TYPE KD-10 AND KD-11 COMPENSATOR DISTANCE RELAY

ing contacts is not recommended because of the
danger of embedding small particles on the face of
the soft silver and thus impairing the contact.

Distance Units

CAUTION: Before making ‘‘hi-pot’’ tests, jumper
all contacts together to avoid destroy-
ingarc-suppressor capacitors.

For effective and quick maintenance it is advis-
able to repeat the acceptance test with the field
settings and then using K-DAT test set
(I.L. 41-493.1) to record K-DAR-test set dial read-
ings, so in the future all field tests can be made
with the K-DAR test box just by referring to the
previous dial readings without using more elaborate
test set up of fig. 26. When testing with S=2, -double
test voltage. When testing with S=3, triple the test
voltage. Note that KD-11 reach and maximum torque
angle are increased with the lower T-settings (see
Distance Characteristics KD-11).

Indicator Contactor Switch (ICS)

Close the main relay contacts and pass guffieient.
d-c current through the trip circuit to close, thefcon-
tacts of the ICS. The current should nétybe“greater
than the particular ICS tap setting being use@for‘the
0.2-2.0 amperes ICS. The operation imdicater target
should drop freely.

REPAIR CALIBRAJION

Use the following procesure for calibrating the
relay if the relay has béen taken apart for repairs or
the adjustments disturbed.

Connect the relayfforitesting as shown in Figure
26. Figure 2@ shows a“four-pole-double-throw switch
in the testdcircuit that selects a phase-to-phase or a
three-phasey fault £voltage condition, that will be
applied to theyprelay voltage terminals. The rotary
switch switches the fault voltage to various ter-
minals and thereby simulates any phase combination
of phase-to-phase fault without the tester having to
ehange connections or readjust the phase shifter and
vapiable auto-transformers.

For best results in checking calibration, the

I.L.41-490A

relay should be allowed to warm up formappreximately
one hour at rated voltage in a case. {However, a cold
relay will check to within two percentmof the warm
relay. Calibrate relay outside the case.

Initial Spring Setting

Set the moving comtact spring adjuster so that
the contact floats freely Imythe gap. Make sure that
there is no friction f(which¥prevents free movement of
the cylinder and eentaet arm.

Shaft Clearance

The upper pin bearing should be screwed down
until théreyis“approximately .025 inch (one complete
turn of\the serew) between it and the top of the shaft
bearing. “Fhe upper pin bearing should then be se-
curely loeked in position with the lock nut.Thelowenr
bearing position is fixed and cannot be adjusted.

Autotransformer Check

Auto-transformers may be checked for turns ratio
and polarity by using the No. ‘1 test connections of
Fig. 26, and the procedure outline below.

Set S, Sa, and Sc on tap number 3. Set the “R”’
leads of M, Mp, M all on 0.0 and disconnect all the
““L’’ leads. Adjust the voltages Vipop and Vopgp
for 90 volts. Measure the voltage from terminals 8 to
the #1 tap of Sand Sp. It should be 30 volts. From B
to the #2 tap of S and Sp should be 60 volts. The
voltage should read 30 volts from 8 to S = 1 and
60 volts from 8 to S = 2.

Set S, Sp and S on 1 and adjust Vipop and
V2F‘3F for 100 volts. Measure the voltage drop from
terminal 8 to each of the M and the M p taps. This
voltage should be equal to 100(1 + the sum of values
between R and the tap being measured). Example:
100 (1 + .03 + .09) = 112 volts.

Check the taps of Mo in the same manner.
Transformers that have an output different from
nominal by more than 1.0 volts probably have been
damaged and should be replaced.

Distance Unit Calibration

1. Make the following relay settings

17
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Relay Range .2-4:5 .75-20 | 1.3-3.6
T, Tp, T, T, Tc 1.23 5.8 10.0
M, Mp, M +15 +15 | +15
S,Sa,Sc 1.0 1.0 1.0

2. Read Acceptance Test —Distance Unit Electrical

Test — to become familiar with testing connect-
ions, instrumentation, and measurements. Use
Fig. 26 or 27 for test connections.

Three Phase Unit (lower unit) Core & P34 Adjustment

1. Set Pgp and P3 potentiometers for maximum
resistance (clockwise).

Restraint spring set as above per Initial Spring

Adjustment.

The relay should be preheated for at least one
hour in the case with closed cover to compensate for
effects of self-heating.

A. Connect relay terminals 8 and 9 together, apply
rated a-c voltage between terminals 7 and 8.
Adjust core by turning it slightly until the
contact arm floats or restrains very slightly.

B. KD-10 only. Connect relay terminals 7 and 8%o-
gether and apply rated a-c voltage between 7_and
9 andadjust core until the contact arm just/floats
or restrains very slightly. If this is not_possible
rotate core 90° and adjust. Recheck/fpart €A to
see if contact is floating or restraining. If not,
repeat parts A and B.

C. Connectrelay for Test #7, set VF1F2:4-5volts
omit conn. from 1F to relaygtérminal’ 9, short
relay terminals 7 and 9. Set phase shifter so
that voltage leads curgemty by™75°. Adjust P3p
so that 3¢ unit trips at 3.10)— 3.30 amperes for
.2-4.35 range

0.55-0.60 @amperes for'.7-21.0 range

0.30-0.35 amperesffor 1.3-36 range
Remove current. The three phase-unit should
stay open. If Pggy does not have proper range to

make propep adjustment use Rgp — resistor to bring
P3a within,adjustable range.

This calibration point is temperature sensitive
andywill \change with time buf relay should stay open

18

when terminals 7 and 9 are shorted and rated g@oltage
applied to terminals 7 and 8, with no current ‘applied.

This test assures proper response of 3 phase
unit for CA faults.

D. For KD-10 Only

" This check is done “tg_‘prevent contact
closing on current-only. (The “KD-11 relay is
purposely biased to produge current-only contact-
closing torque and will "open its right hand
contact at a currenfyvalue of 3 amperes or less
when T is on ma@ximun tap.)

Check it asgfollows:

1. Short Ucifcuit” relay terminals 7, 8 and 9
together.

2. mBass) 5 amperes in the current circuit in
terminal 18 out terminal 19 and increase
the® current to 30 amperes in convenient
steps.

3.9 Relay contacts should stay open. If contacts
close, turn core further 90 degrees and repeat
part A, B and C.
MAXIMUM TORQUE ANGLE ADJUSTMENTS

1. Use test connection #1.

2. Adjust voltages ViF-2F and VlF‘-3F‘: and cur-
rent as per table below.

3. Adjust P3 to obtain maximum torque angle using
procedure described.

Relay Range .2-45 .75-20 1.3-36
V1F1_2F1 = VIFV3F 15 30 30
A | I Test Current 13 7 4

Adjust P3 for max.
torque angle, 60° 75° 75°
6, (Nominal)

Rotate the phase shifter to find the angles, 61
and 62, at which the bottom unit contacts just
close. The maximum torque angle meor the three-

phase unit then is(

il;r—ez —30)degrees. Donot
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allow more than *2 degrees error in this adjust-
ment.

The 30°degree correction is made to account for
the fact that test set up angle measurements are
made with reference to phase-to-phase voltage
instead of line-to-neutral voltages. The 3 phase
unit maximum torque angle is always referred to
as phase to neutral.

A—Test current for other than nominal torque angle
setting should be

_ IT sin g, (12)

sin B

Where [ = new maximum torque angle
Example, For § = 75° I test = 7 amp.

it B = 60°

3 o
new I test :M = 7.8 amps.
sin 60°

Increasing P3 Value increases maximum torque
angle, and, conversely, decreasing the P3 value
results in smaller angle.

For lower maximum torque angle ‘agjustment
below 70 degrees, for medium and long ranges, and
for short range for settings below 55 dégrees, move
red lead on fixed phase shifting resistor R3,/to the
opposite terminal.

Contact Adjustment

KD-10 relay:
right-hand backstop, screw, theé stationary contact
in until it just touches #he moving contact. (Check
for contact by using‘afl indicator lamp.) Then back
the left-hand{contaet, out two-thirds (2/3) of one
turn to givedd.020-inch gap between contacts.

With movingscontact arm against

KD-11 relay: With moving-contact arm against
right-hand side of bridge, screw the right-hand con-
tact Wn to just touch the moving contact and then
continue for one more complete turn. Adjust left-
handy contact as described above, except back off
oene (1) turn to give approximately 0.31 inch gap.

l.L. 41-490A

Spring Restraint

Reconnect for a three-phase fault,\Test]No. 1.
and set the phase shifter so that the cufrent lags
voltage by the

90° for .2-4.5 range
105° for .75-20gand
1.3 -36.ranges

Adjust the spring so thatiythe current required to
close the left hand codtactyis as follows:

Relay Range 0.2%4.5 .75-20 1.3-36
ViF—2F = 2% 10 10
ViF—3F
Itrip KD-10 1.55-1.65 1.22-1.28 ] .710-.750
KD-11 — 1.22-1.30 | .710-.765

De=energizing the relay spring should open the con-
tacts¥F'riction in the movement, relay level, electro-
static attraction may contribute to difficulties in
adjusting this point. To avoid these difficulties it is
recommended to level the relay properly, at this point
omit light indicating circuit, and look for smooth
contact action. Friction in bearings or dirt in cyl-
inder will cause improper action.

Impedance Check

A. Use test connections #1 and set Vipop =
Vip3p = 30 volts. The current required to close
contacts of the bottom unit should be:

Relay Range .2- 4.5 .75-20 1.3-36
A Trip Current 15.3-17.0 | 3.4-3.65 | 1.90-2.10
¢ | Phase Shifter 90° 105° 105°
set at
The Nominal o o °
75 5
M-T-Angle 60 7

@Phase shifter settings are always set for 30°
higher than nominal maximum torque angle to
account for phase difference between phase-to-
phase and phase-to-neutral quantities. 3¢ unit
maximum torque angle is always referred to
phase-to-neutral since it receives only one
single phase current.

19
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ATo determine the limits for current when 6 is
not equal to nominal maximum torque -angle
specified, multiply the nominal values tabulated

above by the ratio M where
sin 6

6, = original maximum torque angle

6 = recalibrated maximum torque angle.

I Phase-to-Phase Unit

(Top Unit)

Core and Reactor (X|qc ) Adjustments

Setting and Poa

Set restraint spring as above per Initial Spring
Py for maximum resistance

(clockwise).

A. Connect terminals 7 & 8 together and apply

rated a-c voltage between terminals 8-9. 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 in-
serts.

Use test connection #5 Set Vpipg = 2 volts &
Viqult- Note that to set this voltage you haye
to set voltages ViF_1p = Vooop first where
Vin— Vrault

2

Vi—1p = Vo2oF =

if Vi, =120 volts

Vtault = 2 volts

_120-2

V1_1F1 = V2_2F‘ - =059 volts.

Now

trim up either voltage to get Vfault = 2 volts.

The current requited toyclosefcontacts of the top

unit should be

With no current relay contacts should stay open.

If relay contacts are closedrecheck voltage settings,
incorrect voltage setting may result in negative
sequence voltage phasing.

Set phase shifter for maximum torque angle.
Check pickup current. It should be within the
limits specified above if not rotdte @6te slightly
until pickup current falls within specified range.
Connect relay for 2-3 fault (Fest@No. 6) and re-
check pickup. It should e within limits spec-
ified. For best trip calibration results adjust
core so that trip current fopTest No. 5 and No.
6 are equal.

Connect relay for§Test Nio. 7. Check trip current
Use Xiy,,. adiustable reactor to bring relay
response, within’ the specified limits. Moving
red lead) from “fsént terminal to rear terminal
or from ‘teargterminal to front terminal of
the reactomywill reverse contact action of the
unitd’ Screwing in or out the adjustable core
shouldybring unit response within the limits.
There are three possible connections for reactor
coils;” series (loose coil termination leads
connected together), parallel (each loose lead
connected to the fixed terminals of the other
coil), single front coil (omit loose lead of the
rear coil from the circuit, bury it in insulation
tubing). The reactor connections, should not
require any changes unless some of the com-
ponents of the phase to phase unit circuitry
have been exchanged. Tighten up the locking
nut when finished.

Maximum Torque Angle Adjustment

1.

Use the No. 2 test switch position and lead
connections. This connection is for checking
and adjusting the maximum torque angle of the
TaAB compensator.

Set voltages and currents as per Table below.

Range 2—4.5 .15-20 1.3-36

Trip Current | g 941.10| 0.202—0.227 | .115—.135
Amperes

Phase Shifter . .
Set at 75° 75 75
curpentilag

20

RELAY RANGE .24-4.5 .75-20 1.3-36

ViFor = ViF3F 10 50 50
(volts)

Liest (amp) 12 10.0 6.0
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Loosen the locking nut on Pgp and Pyc. Adjust
Poa for 75 degrees current lagging the voltage.
Rotate the phase shifter to find two angles &; and
192, at which the top unit contacts just close. The
maximum torque angle 6 for the phase to phase unit

6, + 6,

then is ( —30) degrees. Do not allow more

than *2 degrees error in this adjustment. Tighten
the locking nut.

Aliggt— for other than nominal maximum torque

IT sin gm;

angle, current should be 19 =_ (12)
sin 8
Where Qm = original maximum torque
B = recalibrated maximum torque angle
Example: For 6, = Itest = 10 amps

For new 8 = 60°

10 X sin 75°

- =11.1 amps
sin 60

new Iiegt =
Increasing PZA-value rotation in clockwige
direction increases maximum torque angle, andpcon-
versely, decreasing the Pya — value gésults in
smaller angles.

For lower maximum torque angle than 70-degrees-
move red lead on fixed phase shifting gesistor Roa,
to the opposite terminal. Lock Poa-

2. Use the No. 4 test connection and repeat the
procedure above for adjustment®ef the Tgo—
compensator. This adjustment is“made with Py
potentiometer.

Spring Restraint

1. Use test No. 1_eonpections except reverse the
voltage phase (sequénce by interchanging the
Brush connectionsws® that Brush 1 is connected
to 3F and Brush 2yis connected to 1F.

2. Adjust the voltage VipoF and Vopgp for 3.5
volts each ‘with Brush No. 2 and Brush No. 1
respectively. Position the moving-contact
spring adjuster so that the contact just floats
and then return the circuit connections to normal
with Brush 1 to 1F and Brush 2 to 3F. De-
energize relay. Spring should reset the con-

tacts.

L.L. 41=490A

Contact Adjustment

The procedure for contact adjustmenty for the
phase-to-phase unit is identical to thatgdescribed
for three-phase unit.

Impedance Check

A

Using the connectionsforAest Nos. 5, 6, and 7,
set the phase shifter so%that thefcurrent lags voltage
by &,. The current gequired to trip the phase-to-
phase unit should bg within the limits specified for
each of the voltages. Note that for the phase-to-
phase unit the .impedance measured by the relay is

Zg =_YL—Luperd vy _;, is phase-to-phase fault
2118

voltagefand L, is phase current.

The ‘eurrent required to close contacts of the
top unitishould be:

RELAY RANGE .2-4.5 .75-20 1.3-3.6
Vi =Vip—
fault 1F-2F 30 30 30
(volts)
Trip Current 13.3-14.7 | 2.85-3.15/1.63-1.80
(amps)
Phase Shifter 75° 75° 75°
Set at current
lagging
Vir—2F (§)
For test voltages to be of correct sequence and
values, use equations Vy_1p=Vy o = Vin—Vfault
2
AFor current limits when GM— maximum torque
sin 75

angle is not 75°% multiply the values above by—=

sin 3
where 8 — new maximum torque angle for which the
relay was recalibrated.

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass-suf-
ficient d-c current through the trip circuit to close
the contacts of the 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
indicator target should drop freely.

The contact gap should be approximately 0.047"’
for the 0.2/2.0 ampere unit between the bridging
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moving contact and the adjustable stationary con-
tacts. The bridging moving contact should touch
both stationary contacts simultaneously.

Ill. Compensator Check

Accuracy of the mutual impedance Zc of the
compensators is set within very close tolerances
at the factory and should not change under normal
conditions. The mutual impedance of the compen-
sators can be checked with accurate instruments
by the procedureoutlined below.

A. SetT, Ta, T, Tg and T¢
on the 1.23 tap for .2 -4.50 range
5.80 tap for .75-21.0 range
10.0 tap for 1.3-36 range
B. Disconnect the “L’' leads of sections M, My,
and MC and the red-marked leads of R3, RoAa,
and Ry (with resistor loading removed 6 = 90°).

C. Connect terminals 12 to 14, 15 to 17, 16 to 18
and pass 10 amperes a.c. current in terminal 19

what is a ‘‘good’’ compensator. No voltage reading
may be caused by open potentiometer or compenSators¢

Additional measurements using compensator can
be made to check compensator tap sequence, and to
check on condition of all (except_terminals 8-9-
circuit of the 3 phase unit) relay circuits®

With relay energized with 120 wwa.c. and all
S-settings set = 1, and Mg#=#15%check voltage
drops starting at the minimum tap Jand each succes-
sive tap —T. Voltage readings Will start at millivolt
level, and increase withisuccessSive tap values. Er-
ratic voltage readingfwill iAdicate open tap. These
type of readings cotild be taken at any relay setting
except when compairingytwo relays, or readings from
the same relaylat/different times it should be clear
that relay ‘Settingsf for which measurements are
taken _shouldy beypidentical. The table below gives
typicalreadings for settings specified above. Use this
tablépas guide only.

and out of terminal 13. .2 — 4.35 OHMS RANGE
D. Measure the compensator voltage Vo with a high TA»Tg., Tg, TC T
esistance voltmeter (5,000 ohm/volt) as tab-
Llated bCelov:f/ Refer rto( Figure 1 fgrvthez location :003 — 006 -008 — 016
of Fa. B oriR i .008 — .011 .018 — .031
3 2A 2C 017 — .021 .044 — .063
MEASURE Vo BETWEEN 026 — .031 066 — .088
) .040 — .047 .100 — .138
* Lead and Fixed Voltmeter Reading 060 — .068 145 — .210
End of : : : :
“L of M R3 Vo = 1.5IT(___sin6c) .75 — 20 OHMS
C sin 797
Ta. T, Tg, T T
“L’of Mg Roa N,
Ve 2201 T .015 — .026 .033 — .050
Sin 75° 032 — .054 072 — .092
CaT 9 R2 . * * *
L ofMc c 072 — .110 145 — .190
* A Use sin 60° for .2-4.5 range .125 — .190 260 — .190
For example: For .75-21 ohmyrange T = 5.8 relay 200 — .290 400 — .340
3 phase compensator will (redd W~ = 90.1 volts 295 — .470 645 — .800
and for phase-to-phagse compensators where T-5.8
the voltages are: 1.3 — 36 OHMS
Vo = 120 voltsd(phase A) Ta, T, Tg., Tc T
V~ =120 volts (phase C
C ( ) .038 — .052 .055 — .070
Accuracy of the measurement will depend on the .080 — .100 105 — .150
instrumentation used? Factory adjusted compensator .150 — .200 .220 — .300
is within +098% on maximum tap and +1% on all .290 — .340 390 — .540
other taps.,Awrealistic tolerance should be allowed .450 — .535 .600 — .850
for accuraey of the primary current measurement, and 700 — .860 .950 —1.30
the accuracy of the voltmeter to be used to arrive at
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APPENDIX |

SWITCHBOARD TESTING WITH
KD-10 AND KD-11 RELAYS

External connections may be checked at the
relay provided .here is sufficient load current flow
at a known power factor angle. Relay current should

be at least% amperes (1.2 amps when T = 5.8).

This check is appropriate prior to commissioning the
relay or when trouble shooting.

Potential Circuit Check

Close the three relay potential switches num-
bered 7, 8, and 9, (Figure 19). The connection for
the proper phase sequence will be indicated by a
strong contact-opening torque. Closing torque will
indicate reverse-phase sequence.

Current Verification

To verify the proper current connections use
the following procedure:

1. Read watts, vars and amperes. The current

should be at least% amperes.

2. Plot watts and vars on the diagram ingFig.)29:
Draw a line at the load angle determin€d by/this
plot. Designate this line as Ippmp. See Fig. 30
for example.

3. Set T = 5.8, S = 1 for maximum sensitivity.
(Lower or higher taps may begused, #rovided
current exceeds 7/T).

4. Perform the 9 switching cembinations in Table
1V, recording the relay comtact position for each
combination. (Actually;only “6,combinations are
needed to verify theg@urrentsy so that any group
of three need not (be used. This is important
where the load amgle falls too close to the zero
torque line. If {thef'indicated power-factor angle
is withiny 3°%f thestest limit for any group of
three tgsts, ghesey,should be ignored.)

5. Verify ‘the cwfrents using the procedure illust-
rated in Table IV. Here the ‘‘correct contact
position’’ is determined by observing whether
the IREF line in Fig. 26 intersects the solid or
dashed part of circle. (For example, test 1b
shews a solid circle indicating that the contacts
should close.) Next compare the actual contact
positions to the correct ones.

l.L. 43:490A

6. If the contact positions are proper, the current
connections are correct and the tést is@omplete,
otherwise proceed to identify the“eurrents using
the following procedure.

Current ldentification

If the verification check discloses incorrect
current connections, gthe(\fellowing procedure may
be used to determine What 4is” wrong. However, if
one set of three switehing ‘@ombinations places the
relay too close to thefzeroetorque line, use conven-
tional techniquésy, instead, since identification
requires all 9 switching combinations.

1. Plot alfpfa,and a2lppp at 120° angles from
IRpp- See Fig. 30 for example. These currents
arefrelated”to the phase currents as shown in
the fallowing table:

Phase 9 a
Re@eiving IREF a“IREFR IREF

Current

1 Ipyi Ipy2 Ipug

2 IpH2 Ipys IpH1

3 IpH3 IpPH1 IpH2

2. Prepare a table similar to Table V using Fig. 30.
For example, for test 1b the contacts were open.
Such a result would occur if Iggpp of the wrong
polarity is actually flowing in the phase 1 cir-
cuits of the relay. This conclusion is drawn by
noting that Igpp in Fig. 30 intersects the solid
part of the test 1b circle. This says that if
IR is flowing the contacts would close.
Since the contacts actually open, then —IRgp
could be fluwing. Similarly, for test 1b, —a2Igpp
could be flowing, since the allgpp line also
intersects the solid part of the test 1b circle
By the process of elimination for each set of 3
tests, the actual current is identified. For
example, in Table V, phase 1 receives —lpH1
whereas +lpp should be flowing. In phase 2,
+Ipy3 is flowing as shown in Fig. 31. To extract
this bit of information from Table V, use the
above table relating the phase currents to REF

aQIREF and alppp.

Note in Table V that a2Ippm is flowing inthe
phase 2 circuits of the relay. The above table
shows for this set of 3 tests that a2IREF =Ipy3.

3. Correct the external connections and then verify
the currents.
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TABLE |V
SWITCHING FOR CURRENT VERIFICATION AND IDENTIFICATION
z POSITION OF SWITCHES NUMBERED:
o
F
z VOLTAGE SWITCH CURRENT SWITCH UNIT
o LANK INDICATE w
@ (8 S OPEN SWITCH) alp P HASE
S SHOUL DyBE Rgf::::f
Q \2 2 V3 Iy 1y I3 I OBSERVED
I
]
E 12 16
5 7 8 9 ' 14, , 18,
13 15 17 19
(3¢)
Open & a Closed P & T 3
jump sw.
1 jaw to Closed Closed
9 ¥
b| Closed Closed | ¢-p &3¢ 1
Open & a| Closed Closed |¢-¢ &3¢ 1
2 Closed jump sw. 1 cjpsed
jaw to
7 b Clos®d ¢-d& 1 2
Open & |a Closed b & T 2
3 Closed Closed jump sw.
jaw to
8 Closed P-p & T 3
Open & t
4 Closed Closed JUmp SW: aclosed Closed | ¢-¢ &3¢ 1
jaw ta@
y/
Open &
5 | Jump sw. | cipsedid/ Closed Closed ¢ &t 2
jaw to
8
Open &
6 Closed jumb SW. | josed Closed b &t 3
jaw to
9

1 Bloek 3w, Unit Open

1. IfgGurrent is Over 5 Amps.
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1L

0A

TABLE V
VERIFICATION EXAMPLE USING ASSUMED LOADING OF FIG. 30
CORRECT
PHASE TO SWITCHING CORRECT ACTUAL CONTACT POSITION
BE VERIFIED COMBINATION POSITION
IF WIRING EXAMPLE WITH
IS CORRECT INCORRECT WIRING
1b o) c o)
1 2a c o) o)
4 0 c
2b o) o)
2 3a C C (e}
5 o) o) o)
3b C c o)
3 la C (@]
6 o) o)
E VI
IDENTIFICATION E ING ASSUMED LOADING OF FIG. 30
CURRENT & POLARITY WHICH CAN
IREF PHASE SWITCHING E OF PRODUCE OBSERVED CONTACT POSITION
RECEIVING COMBINATION ACT
CURRENT SITION
IREF. a 2IREF. alREF.
1b \ 0 - - +
1 \ o - * +
< 4’ c - + -
3b + + -
2 3a - + +
5 o) - + -
3b o) - - +
3 . la (e} - + + t
6 9 + - +

e Fig. 31 for actual connections.
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Fig. 1 Type KD-10 Relay Chassis — Front and Back
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TYPE KD-10 AND KD-11 COMPENSATOR DISTANCE RELAY

I.L. 417490A

PRIMARY_— SECONDARY
LAMINATED CORE
AIRI GAP K

7 e T

ji

b

e mmmum—m————————

849A034

I LY s &

2.03

Fig. 3 Typical Tap Plate

27



8¢

AIR GAP
TRANSFORMERS
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3¢ DISTANCE
unIT

AIR GAP
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166 13
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t~—— CURRENT TEST JACK

@%‘ T~~~ INDI CATOR
CONTACTOR SWITCH

-~ {8
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Caak | Cac)
Py =
[X]
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P3 (UPPER UNIT)
X
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. 000 ©
X | ~—— TEST SWITCH
Q. Q0 0 0 O O > 0 o |

PH1 PHZ PR3
FRONT VIEW

k ® ® RER / TERMI NAL

3490A81

AIR aAP
TRANS FORMERS
(PRINARY)

9.1 STANCE
umT

AIR GAP
TRANSFORMER
{SECONDARY)

~

—

136

134

bx|

h\‘

CHASSIS OPERATED
SHORTING SwiTCH

[—— CURRENT TEST JACK

—— .02 NFD

[~ 150 OnMS
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CONTACTOR $WITER

(]
DISTANCE UNIT
(UPPER UNIT)

AUTO TRANSFORMER

FRONT VIEW

| RED WANDLE

r—~ TEST SwiTCH

| TERMINAL

3507A70

Fig. 4 Internal Schematic of KD3l0 Relay (.25-4.5 ohm range)

* Fig. 5 Internal Schematic of KD-10 Relay (.75-21.0 ohm range)
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AIR GAP
TRANS FORMERS
(PRIMARY)

39 DISTANCE
UNIT

AIR GAP
TRANSFORMER
(SECONDARY)

CHASSIS OPERATEC
SHORTING SWITCH

——— CURRENT TEST JACK

——- .02 MFD

™ 150 OHMS

INDICATOR
CONTACTOR SWITCH

[
H— 99

DISTANCE UNIT
B (UPPER UNIT)

4= AUTO TRANSFORMER

Ih. - RED HANDLE

=—— TEST SWITCH

TERMINAL

880A988

MR GAP

TRANSFORMERS |

(PRIMARY)

3.9
DISTANCE
uNIT

AIR GAP
TRANSF ORMER
(SECONDARY)

CHASSIS
OPERATED
SHORTING SWITCH

I CURRENT TEST
JACK

{NDICATOR
CONTACTOR
SWITEH

I
DISTANCE UNIT
(UPPER UNIT)

1034
7
o0 j 5| e
>
1 || AUTO TRANSFORMER
o4 o)L | Rep naNoLE
Ll TEST swiTck
. 9. 0 o o _ o |
TERMINAL
P ® J/
FRONT wigw [T P2 P
880A989

Fig. 6 Internal Schematic of KD-10 relay (1.3-36.0 ohm range)

Fig. 7 Internal Schematic of KD-11 Relay (1.3-36.0 ohm range)
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BUS ZONE | RELAY R BUS
[ SET 90% OF O
| LINE SECTION 8
1 1 %
L]
Lg;g#%sEBLEAI«;G BALANCE POINT_/

CONSIDERED

—————-%0

FAULT BEHIND RELAY

—————3><0

FAULT WITHIN BALANCE POINT

X
|
|
I
|

FAULT AT BALANCE POINT

————— K

FAULT BEYOND BALANCE POINT

V.
(-I,Z.) 3
14c
VZ} /N
— V2 -1.2
7\ \ vy réc
/N A I
/ 7 Y
- / 3 2
L2 N L/ e
SR g
(70) (76) (78)

NOTE: THE VOLTAGE TRIANGLES)/AT ‘EACH FAULT LOCATION (A,B,C8D) REPRESENT THE VOLTAGES SEEN BY THE
K-DAR RELAY TERMINALLOCATED AT THE SHADED BREAKER FOR 3 PHASE FAULTS OCCURING AT EACH

LOCATION (A,B,C8D)-

407C459

Fig. 8 Voltage and Current Conditions for the Three-Phase Unit at the
Shaded Breaker for Three Phase Faults at Various Locations
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BUS ZONE | RELAY BUS
[ SET 90% OF !
o | ¢ UINE SECTION s | A
\, @ / ’ ‘ L /
i % 0 7 = L A
K-D-4 RELAY
| LOCATION BEING | BALANCE POTNN |
l CONSIDERED ‘ ‘ l
| | | |
$(2-3)FAULT BEHIND RELAY $(2-3) FAULT WITHIN BALANCE POINT 0(2-3)FAULTAT BALANCE POINT  ¢(2-3)FAULT BEYOND BALANCE POINT
x T2Zc | I2Ze X IoZ¢ X IpZc
A I
XY 3
I
2 I Vxy
/ I
/ \ \
/ \ \
\ \
/ \ \
3 | 1 \ I; AN I
Vy 7 = 2 |
e | v v YZ=0 L— i \Vyz
(T T3 Z¢ Yz (To-Zz) 2 4 V2 (IpI3)Z¢ (T3 7
Iz
(D) (c) (B) (A)
NOTE. THE VOLTAGE TRIANGLES AT EACH FAULT LOCATION (A,B,C&D) REPRESENT THE VOLTAGES SEEN BY THE
KD 4 RELAY TERMINAL LOGATED AT THE SHADED BREAKER FOR ¢ TO ¢ FAULTS AT EACH LOCATION
(A,B,C &D)
408Cl61

Fig. 9 Voltage and Current Conditions for the Phase-to-Phase Unit at the
Shaded Breaker for 2-3 Faults at Various Locations
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TYPE KD-10 AND KD-11 COMPENSATOR DISTANCE RELAY

X
2 RADIVS= 5 [2+ 2¢] |8 H 1 RADIUS.;_— zcle
Zc
1 BALANGERPOINT
8 BALANGE B
POINT
A
0 N CENTER
/ RADIUS
-1zg OFFSET OFFSETH 2¢ [©
A~ CENTER
Z OFFSET: 3 [-2g+2(] Lz
R
o. 252 b 25y 7.
R-X CHARACTERISTIC
8492040 849A035

Type KD-10 and KD-11 Relay

Fig. 10 Impedance Circles for Phase-to-Phase Unit in the

KD-10 Relay

Figmll Impedance Circle for Three-Phase Unit in the Type

100 —
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50
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901
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40
304

20

IMPEDANGE IN PERCENT OF RELAY SETTINGS
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7627684
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Fig. 12 Impedance Curves for KD-10 Relay



TYPE KD-10 AND KD-11 COMPENSATOR DISTANCE RELAY I.L.

6l ACTUAL
REACH

5.8 OHMS

TAP

@ 1857346
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TYPE KD-10 AND KD-11 COMPENSATOR DISTANCE RELAY

KD-10, S=1, M-0, T=5.8, Max Torqgque 4750
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TYPE KD-10 AND KD-11 COMPENSATOR DISTANCE RELAY I.L. 41:490A

S=1,M:0 MAX TORQUE ANGLE =75°
CONTACT GAP =.045"

.Ts SIN ©
Zo e ® (SIN 75°)
JTTrrrrrrrr ! [T LTI LTI T 1]
CLOSING TIME IN CYCLES 1 ] 1 1 ] OPENING TIMEIN CYCLES
OPENING TIME INMILLISECONDS B
a
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3 8-
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Fig. 15. Typical Operating Tinie Curves for KD-11 Phase-to-Phase Unit
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* Fig. 16. Typical Operating Time Curves of Type KD-11 Relay Three-Phase Unit (.75-20 ohms)
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TYPE KD-10 AND KD-11 COMPENSATOR DISTANCE RELAY
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Fig. 17A Type KD-10 Burden Curves
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I.L. 41°490A

TYPE KD-10 AND KD-11 COMPENSATOR DISTANCE RELAY
STATION BUS PHASE ROTATION A,B,C
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T B
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Fig. 20 External Schematic/~ Two KD-10 Relays, One KD-11 Relay.
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Fig. 21 External Schematic ~ Two KD-10 Relays, One KD-11 Relay.
Wye-Delta Bank Termination with Grounded Wye on Relay Side
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TYPE KD-10 AND KD-11 COMPENSATOR DISTANCE RELAY

STATION BUS PHASE ROTATION A,B,C
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Fig. 23 External Schematic — Type KD-11 Relay with Type TD-5 Timing Relay
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— ———  ALWAYS BE AT HIGHERp N2 VARIAC REL. |OR ADJ. : [ it B
1IF% LOTENTIAL THAN 2F 130 [1-2 | Pz 23/13 22721
PH1 o= oF WHEN REFERRED TO 20 30 [1-2 | Pap 2313 22721 DOTTED CONNECTIONS FOR KD-10
IN PH2. 4 198 0 |3-1 | P2m 23/17 22721 FOR KD—I1 RELAY ONLY RELAY ONLY
PH2 v o 5 | 00 |1-2 | CHECK | 2313 22/15
e
PH3 IV niraVpHaar S INPAULT 6770 0 |2-3 | CHECK | 23715 | 22/17
2 7 | 0 0 |3-1 | CHECK | 23/17 2213
774B375

Fig. 25 Basic Test Connections for Type KD-10 and KD-11 Relays
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TYPE KD-10 AND KD-11 COMPENSATOR DISTANCE RELAY

1.L. 41490A

STATION BUS PHASE ROTATION A,B,C

A
T B
N T d Y
VSTD. POTENTIAL CONN
Z0NE 1 20NE 2 + ZONE 3
N A~ A— —A
21-1 21-1 21-2 21-2 21-3 21-3
- 1-121-2 2 21— 21-3212 -1 21 -2 21- 1-
= w5 s Ta 22EL3 0 T T T, 181 T, 18 194 230), 18
NN A0 OW TN —H—ON T y- A, 00— A " H-o—oX A= —_— —
= Tatlae 2
21-1 21-121-2 21-2 21-3 21-3 o
g 7B a1 T a1 14 >
AR AR Yo oW AL AR Ko — o)A AL o 3 4
N a
« 21-1 21-1 21-2 21-221-3 ;213 T
) ¢ 17 Tc % T Te ® T C o1 5
= vV )‘c o * ~— =
(4 A4 ;E: :;E
z N _J
a &"t‘&" ZONE | 20NE 2 + ZONE 3
o
o p st
x M M Io S41590616
- = & ~AUXCT.
I 52 | ~ " s/15
YY)
31,
QliL?( TRANS + FOR ZONE 3 REVERSED TRIPPING DIRECTION DEVICE NUMBERS
REVERSE CONNECTIONS Q TERM'S(I3 & 12, S1-1 TYPE KD-10 RELAY
15 & 14,17 & 16, 19 & 18 OFUKD- 1 1URELAY 5122 TYPE KD-10 RELAY
21-3 TYPE KD-11 RELAY
ABC 52 POWER CKT. BKR
774B144
Fig. 20 External Schematic & Two KDP-10 Relays, One KD-11 Relay.
Autotransformer Termination.
STATION BUS PHASE ROTATIOMN,A,B.C
2 2 A
o 8
5 S — ¢
w ST0.POTENTIAL CONN, ZONE 1 ZONE 2 +20NE 3
s o o s 21-2 213
o 21-1 21-121-2 21-2'21-3 213~ = 5 = 5 23
= & .. Ta 7 1 TA 7 13 TaA 5 19 18 1 18 1 Tz@e) 18
- N : \"2 xo 0* = \Y2 *O g* - vV *0,0x - V )(O—OPFVQ(—O—OF
* Tatlae
N 21-1 21-12142 Lo 212213 21-3
m 15 7 15 B BN B T3
gg O)FA‘W‘—\% —o)F/\‘ﬁ—'\,“‘ﬂ%(o—o)F/\‘ﬂJ\,--‘_l%(c
NN
21-1 ;. 2Taie2 21-221-3 21-3
17 © ® 1 Te 76 1 Te 6
~ - ~
‘t‘&” ZONE 1 ZONE 2 + ZONE 3
Thia
L Ip S41590616
——— AUX.CT.
[/ SovE
YY)
-—
ol " 3
J .I J \E TRANSF. + FOR ZONE 3 REVERSED TRIPPING DIRECTION: DEVICE NUMBERS
= BANK REVERSE CONNECTIONS TO TERM'S 13 & 12, —_——
A 15 & 14,17 & 16, 19 & 18 OF KD- 11 RELAY. 21-1 TYPE KD-10RELAY
21-2 TYPE KD-10RELAY
21-3 TYPE KD—11 RELAY
52 POWER CKT BKR.
HIGH SIDE
AB C
LINE

774B143

Fig. 21 External Schematic ~ Two KD-10 Relays, One KD-11 Relay.
Wye-Delta Bank Termination with Grounded Wye on Relay Side
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TYPE KD-10 AND KD-11 COMPENSATOR DISTANCE RELAY

o
STATION BUS PHASE ROTATION A,B,C
A
8
! c
z R S S
2 STD POTENTIAL CONN
(&)
w
«
o
- 21-1 21-121-2 21-3 ZONE 3 ZONE 2 ZONE 1
o
-
/-__A—\
+ N
&3
zz 21-321-2 21-2 2141 21-1
RR BB, e O, Jﬁ_%l—g_‘
M
52
TRANSF.
1 BANK
= + FOR ZONE 3 REVERSED TRIPPING DIRECTION: DEVICE NUMBERS
REVERSE CONNECTIONS TO TERM'S 43,& 12 — —~
A ; 21-1 TYPE KD-10 RELAY
ABC 15 & 14, 17 & 16, 19 & 18 OF KD-11 REUAY: A T KDIoRELAY
LINE 21-3 TYPE KD-11 RELAY
52 POWER CKT. BKR
} 774B142
Fig. 22 External Schematic — Two Tgpe KD-10 Relays, One KD-11 Relay.
Wye-Delta Bank Termination with Delta on Relay Side .
S
TRIP DIRECTION .
_rmp omecrion L B
—a | A
A spn‘—-_——! STEP-UP
GEN.
yA R, z TRANSF 52 B
< 21 ¢
A 19
L
i S
POS.
Vi v2
2 2l
7 % 8
__DEVICE NUMBERS_
A 2-TYPE TD-5 RELAY
] 2I-TYPE KD-Il RELAY
3
(#8)
Z(39) Z(3g)
NEG.
774B141

Fig. 23 External Schematic — Type KD-11 Relay with Type TD-5 Timing Relay
for Generator Back Up Protection
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i
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A r 7\ . - / 8 1 7
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Ts2a
&
fad NEG
g DEVICE_CHART
z DEV__NO | _TYPE FUNCTION INT. DIAG
2 21-1 o 2liaie 5 2l2213 ;N ZONE 3 ZONE 2 ZONE 1 #[ 211 KD- 10 71 _PHASE 880A988
£ 13 Z 1 A il [+ #[ 21-2 KD-10 72 PHASE 880A988
g oX J'V_‘X‘W_W;HO‘P—OP‘ NS 21-3 KD=11 73 PHASE 8804989
= 12122 21-221-3 313 2 10-52 72/23 TIMER 762A500
- 2 1221
el = 5 T8 1 2 e T 8 o #FOR 0.2-4.350 KD-10 RELAY. USE INT SCH. 3490A81
3
® L—oé@’\%p‘%@—ox:’\'i’\”%(—o)@" NN 21-3 23212 z1-221m 21-1
w 19 {8 15 18, )
z 21-1 1-121-2 _ 4 .—\%—OH‘T‘—Q(—O—O—)P/\,-
- L .2l . a2ad e ALTERNATE CONNECTION
2 c 6 1 ¢ 6 1 21t 2 o7 T 21-3
[— o)A X0 (<) 214 7 a2 T 22213 Tz
» "Vq()—f—o*‘—!‘ 4 9 » : 18 71§ > + 8 19 > 8
E E-t“ Z0NE 1 ZONE 2 ZONF 3 t
ol
L
= — 3Ig
52 + FOR ZONE 3 REVERSED TRIPPING DIRECTION - — s
REVERSE CONNECTIONS TO TERM'S 138 12, N g I
A B ¢ 158 1a. 17 & 16. 19 & 18 OF KD-11 RELAY -— 31,

4

Fig. 24 External Schematic — Two Type KD-10 Relays, One Type KD-11
with TD-52 Timing Relay
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| PHASE ROTATION I!- 2! - 3!
1

2! D.C. ’
3! ! 17 15 13
] \:’
]
22 a1 ! -
|
~
=i (LI
: | @lololelo
SHIFTER g 3 23 ! (EMHMONMONEY
200 VOLT- = LOAD |
AMPERES WATTMETER AMMETER |
N OR |
PHASE % VARIABLE AUTO—TRANSFORMERS | KD—10 OR KD—11—REL.
ANGLE METER 200 VOLT-AMPERES ! (FRONT VIEW)
i
- ]
? i
1 7
2 PH1 I
USE CONNECTION I
- PH2 | BELOW AS 8 . @ ® @ @ _©
REQUIRED
PH3 2 : 1@ ®|@ @ @
VARIAC _CONNECTION RELAY POTENTIAL CONNEGTIONS | —
FOR"30ZFAULT Tt T
PH]l —— 12 2-3 3= PR 7
< L L
— — - | |
:'~—-—-0 1F 1IF-7 1F-8 1F-9 CONTACT /.A\, l\/'A\I CONTACT
PH2 ! o 2F 2F-8 2F-9l, 2F-7 CLOSING | Sl N2 oPENING
————einn L wla
PH3 — * 3F-9  3F=7 QEs8 o IV INDICAT-
[ | ]
FOR 0-0 FAULT *BRUSH IF SHOULD TEST[CONNECTION|TO CHECK| c GNNECT FROM/TO v 11 1ING LAMPS
NOWVARIAC] REL. | OR ADJ. I A g
ALWAYS BE AT HIGHER -
1F% LT ENTIAL THAN 2F i 399 [1-2 | Pz 2313 22721
PH1 o WHEN REFERRED 10 203 0 |1-2 | P2a 23/13 22721 DOTTED CONNECTIONS FOR KD-10
N 2F WHE 2 730 3.1 | Pos 5317 221 FOR KD—11 RELAY ONLY RELAY ONLY
PH2 Ve ¥ 5, | 0 0 |1-2 | CHECK | 23/13 22/15
r»—m
PH3 3V o iF - VeHaar  INBAUT g6 |0 0 [2-3 [CHECK | 2315 | 22717
L2 7 | 0 0 |3-1 | CHECK | 23/17 22/13

774B375

Fig. 25 Basic Test Connections for Type KD-10 and KD-11 Relays
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PHASE ROTATION 1V - 207 - 30
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-2 FA A
1-2 FAULT /‘!F@
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(@) ye==-- 22
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2-3 FAUL
7 \IF
/ y @ — —
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®5 = -2 R SELECTOR ,
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Y10
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A
3 ¢ FAULT
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/
3L+ 2
(o) ¥F ® 774B821

7o

%P
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D
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IL_:D],Y\ 71513
23 A A A
- + o) LOAD mcnmk 21 4= S G T A
WATTHE
SHIFTER UORTE“ @J 0 0 @
200 vOUT - PHASE ONMONONE GD
ANPERES AKCLE METER VAR LAULE o '
ot (0] AUTO~TRANSFORMER
T8¢ 200 VOLT-AHPERES
Vet
LT KD-100R KD: 11- RELAY
PH. | ) . BRUSH 283 3 (FRONT ViEW)
HO. 1 lq vy
PH. 2
PK. 3 BRUSH

®

OHOJKC

' )

ROTARY SWITCH

SUSTRACT 30° FROM ThnE
PHASE-ANGLE-METER
READIHG TO DETERMINE

THE RELAY MAX 1ML TORQUE
ABGLE WMEN THE SELECTOR

SRR 1 S A 7 AP

conTacT oA,
CLOSING X

| A conTac
|22 OPENING

M | INDICATING

b | by LAMPS

Y [

e e - — — — !
DOTTED CONNECTIONS FORKD-4 RELAY
FORKD-U1 RELAY OMLY ONLY

IS IN THE 3 @ POSITIOA.

TEST | SELECTOR[FAULT |To CHECK
0. | SWITCH [TEST S OR ADJUST | COMHECT FROM/TO
2. et { 1 3¢ [1-2 P3 /13 | 22/
R V31, 2 g | 1-2 Poa (2313 | 22/a1
4 38 |3 Poc 23/17_ | 22121

Vi-L 5 g-f | 1-2 CHECK | 23/13 22/15 |

R° 71 6 p-4 | 2-3 CHECK 23/15 22/17
L 7 g-4 -1 cugcx | 23/17 22/13

14

Fig. 26 Test Connections for Type KD-10 and KD-11 Relays using Auxiliary Switches
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TYPE KD-10 AND KD-11 COMPENSATOR DISTANCE RELAY

2709
. #* T
2770 \ QIREF! vA‘Rs
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S
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" X I s LINE CURRENT
THREE-PHASE UNIT ON ALL OTHER TESTS L= LINE GURRENT .

#- POSIT VI REES B, D ON CURRENT T« TAP "T" SETTING
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Fig. 27 Phase Diagram for Current Circuit Verification Flig. 289 Phase Diagram Showing Assumed Load Conditions
and Identification ,»
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Fig. 29 Actual Wiring for the Assumed Test Results
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TYPE KD-10 AND KD-11 COMPENSATOR DISTANCE RELAY 1.L.41-490A

CHASSIS
OPERATED
SHORTING SWITCH
| . CURRENT TEST
JACK
AIR gAP |
TRARSFORIERS - INDIGATOR
(PRIMARY) 130 13 CONTACTOR
; SWITCH.
XL
39 _1,_—-——-—* .
DISTAKCE ! Ry Ca Ce
iy Sk | Gagl ¢ 2 7
) TLT € | ;e
. ey 4‘
Ry Ran i DI STANCE UNIT
) for P (UPPER UMIT)’
¢
AlR QAP ¢
_JRARSFORMER
( SECONDARY} L
]
+02 MFD
2 (6 -¢) —| AUTO TRANSFORMER
1608~ P ___&__L_“ . ___ RED HANDLE
| TEST SWITCH
® | TERMINAL
T i
FIT PH.2 PH.
FROKTCWicW P2 PHS 3490A82

Fig. 30. Intefaal Schematic of KD-10 Relay (.75-21.0 Ohm Range).
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TYPE KD-10 AND KD-11 COMPENSATOR DISTANCE RELAY

SEMI-FLUSH MTG.
PROJECTION MTG.

DIMENSIONS IN MM

8 EXTERNAL
TOOTH
WASHER

190-32 SCREW
SMALL
EXTERNAL
TOOTHED
WASHER

PANEL

SPACERS FOR
THIN PANELS

5/16~-18 SCREW,

CASE

TOOTHED WASHERS

—.190-32,SCREW
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I.8t3
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¢ +301 ] 22701) (235 00)
l - J
) Ll i & 2
! ) 125 R
— 3.188 ! | (3.18 )F" o 24938 750 pia
(80.98 ) (74,63 ) /119.05)
l6.375 y U PANEL CUTOUT & DRILLING 20 HOLES
(161.93 ) PANEL LOCATION FOR SEMIZFRUSH\MTG. OR CUTOUT

2 | ) 1o
2,688 563 pia, (25.4)
(68.28 1/ DY (4,30 DI 2 HOLES(TEY
[ J

§

s Y50
g
(146.05) ) 036530 250 +.016(.397)

p3

f 1,031 -+4+-1.03| —*1.03] ~*1a-1.03]
5250 (26.19) 1(26.19) 1@6:19) [(26:19)
(me.*os)

(6.350)-0 375 p.

594
(18,09 )

1.813
(46.05 )

FOR THICK PANEILS

1,03] 1= 1.03]
(26.19) (26,9
PANEL DRILLING OR CUTOUT

’ l
I'O
0

TERMINAL

PROJECTION MTG. (FRONT VIEW )

@3, NUMBER
1.031 1,031
) (26.19) '(26.19)
FOR
57-D-7905

Fig. 31 Outline and Drilling Plan for KD-10 and KD-11 in FT-42 Case
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ADDENDUM TO Westinghouse I.L. 41-490
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIO NS

TYPE KD-10 AND KD-11 COMPENSATOR
DISTANCE RELAYS

CURRENT VOLTAGE RELAYS WITH
MUTUAL REACTOR-PRECAUTIONS

Relays which include compensators to modify the applied voltage (su€hyas®he KD types) will produce an
output at their voltage terminals when the current circuits are energized.

Thus, it would be possible to pull potential fuses and still haye voltageappear on the relay side of the fuses.
The magnitude of this voltage is dependent on magnitude of loadyor fault current, relay settings, relay impe-
dance, and other potential circuit burden connected in parallel with“the relay containing the mutual reactor.

To avoid any difficulties due to interaction between currentyand voltage circuits, it is recommended that
when PT fuses have been pulled to permit work on voltage ciréuits, that these circuits should not be considered
safe until the current circuits have been de-energized, or_until the voltage circuits have been shorted on the relay
side of the fuses.

N Ppaxsible contingencies which may arise during installation, operation, or maintenance, and all
dearls and variations of this equipment do not purport to be covered by these instructions. lf further
information is desired by purchaser regarding his particular installation, operation or maintenance of
Wis cquipment. the local Westinghouse Electric Corporation representative should be contacted.

ADDENDUM TO I.L. 41-490 EFFECTIVE AUGUST 1978








