Westinghouse I.L. 41 498.12
W . INSTALLATION ¢ OPERATION o MAINTENANCE

-— INSTRUCTIONS

TYPE KD-5 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
connections.

APPLICATION

The type KD-5 relay (Figure 1), is a polyphase compensator type
relay which provides a single zone of phase protection for all
three phases. It provides instantaneous tripping for all
combinations of phase-to-phase, two phase-to-ground faults, and
three-phase faults.

The type KD-5 relay is available with indicating contactor
switches with either a 1 ampere oOr a 0.2/2.0 ampere rating. The
1 ampere rating is recommended for all directional comparison
applications and for most distance relaying applications. The
0.2/2.0 ampere rating is recommended for distance relaying where
a lockout relay is energized or where a high impedance auxiliary
tripping relay is utilized.

Refer to I.L. 41-911 for a description of how KD-5 relays are
used in directional comparison blocking systems.

For time-distance applications the KD-5 relay is used with
either the TD-2 ac current operated timer, or with the TD-4 or
TD-5 de transistorized timer. See Figs. 12 and 13 for the
external schematics for 3 zone protection, using the TD-2 and
TD-4 relays, respectively. For further discussion see "External
Connections."

Use fault detectors to supervise the trip circuit for those
applications where the relays can be de-energized without
attendant opening of the 52a contact. Otherwise undesired
tripping occurs. A S#1878395 three unit SC relay (2-8 amperes)
in the type FT32 case or a S#288B714A18 three unit ITH relay
(4-8 amperes) in the FT11l case is recommended.
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CONSTRUCTION
The type KD-5 relay consists of three single air gap transformers
(compensators), three tapped auto-transformers, two cylinder

type operating units, and an ICS indicating contactor switch.

Compensator

The compensators which are designated TAB and Tpc are three-
winding air-gap transformers (Fig. 2). There are two primary
current windings each current winding has seven taps which
terminate at the tap block. (Fig. 3). They are marked 0.23,
0.307, 0.383, 0.537, 0.690, 0.920 and 1.23. Current flowing
through the primary coil provides an MMF which produces magnetic
lines of flux in the core. Compensator designated T, has only
one primary winding.

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 disturbed 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
proportional to the phase current is subtracted vectorially

from the relay terminal voltage. The second section is connected
to an adjustable loading resistor and provides a means of
adjusting the phase angle relation between Primary current and
the induced secondary voltage. The factory setting is for a
maximum torque angle of 45° current lagging voltage for phase-
to-phase unit and 35° for three phase unit.

Auto-transformer

The auto-transformer has three taps on its main winding, S,
which are numbered 1, 2, and 3 on the tap block. A tertiary
winding M has four taps which may be connected additively or
subtractively to inversely modify the § setting by any value
from -15 to 415 per cent in steps of 3 per cent.
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The sign of 11 is negative when the R lead is a bove the L

lead. M is positive when L is in a tap location which is

above the tap location of the R lead. The M setting is
determined by the sum of per unit valu:s between the R and L
lead. The actual per unit values wlich appear on the tap plate
between taps are 3, .03, .05, and .06.

The auto-transformer makes it possible to expand the basic range

(T = .23 to 1.23 ohms) by a multiplier of S . Therefore, any
1+ M

relay chm setting can Se made within < 1.5 per cent from 0.2

ohms to %4.35 olms by combining the compensator taps T, TAB»

and Tpg with the auto-transformer taps S and M, Sp and My, and

S¢c and Mc.

Tripping Unit

The device wlich acts to initiate tripping is a four-pole
cylinder unit which is connected open delta and operates as a
three-phase induction motor. Contact-closing torque is produced
by the unit when the voltage applied to its terminals has a
negative-phase sequence. Closing torque for the relay forces the
moving contact to the left hand side as viewed from tte front of
the relay. Contact-opening torque is produced wlen positive-
phase sequence voltages are applied. lence, the cylinder unit
has restraint or operating torque as determined by the phase
sequence of the voltages applied to its terminals.

Mechanically, the cylinder unit is composed of three basic
components: a die-cast aluminum frame and electromagnet, a
moving element assembly, and a molded bridge.

The frame serves as the mounting structure for the magnetic core.
The magnetic core wlich houses the lower pin bearing is secured
to the Fframe by a spring and snap ring. This 1s 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 replaced, if necessary, without
having to remove the magnetic core from the frame.

he electromagnet has two series-connected coils mounted
trically opposite one another to excite each set of poles.

diametric
Locating nins on the electromagnet are used to accurately
position the lower pin bearing, which is mounted on the frame,
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to the frame and cannot be separated from the Fframe.

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 which the moving-
contact arm is clamped has a wedge-and-cem construction, to
provide low-bounce contact action. A casual 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. Dowever,
tliis 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 force of 7 to © grams
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 clanp 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 bearing. 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 electromagnet
and the magnetic core.

The bridge is s=2cured 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 .092 to .006 inch
follow which is set at the factory by means of the adjusting
screw. After the adjustment is made the screw is sealed in
position with a material which flows around the threads and
tlien solidifies. The stationary contact housing is held in
position by a spring type clamp. The spring adjuster is
located on the underside of ti.= bridge and is attached to the
moving contact arm by a spiral spring. The spring adjuster is
also held in place by a spring type clamp.

When the contacts close, the electrical connection is made
through the stationary contact housing clamp, to the moving
contact, through the spiral spring and out to the spring
adjuster clamp.



T.L. 41 498.12

Indicating Contactor Switch Unit (ICS)

The indicating contactor switch is a small d-c operated clapper
type device. A magnetic armature, to which leaf-spring mounted
contacts are attached, is attracted to the magnetic core upon
energization 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 located on the front of the switch, which allows
the operation indicator target to drop. The target is reset

from outside of the case by a push rod located at the bottom of
the cover.

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

OPERATION

The KD-5 relay has two major components-compensators and tripping
units. In the internal schematic of Fig. 4 the compensators are
designated T, TAB, and Tpg, the tripping units, Z (30) & 2 (99) .
The 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 (Ij - 3IQ)
current in Fig. 12. The current I1 1s the phase current; 3IQ 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 3Ig component. The alternate
connection supplies the compensator primaries with -(Ip + I3).
Since I1 + Ip + I3 = 3Ip, (I1 - 3Ip = (I2 + I3). Currents, I,
I2 and I3 are phase currents. Accordingly, the alternate
connection is equivalent to the first arrangement.

As shown on Fig. 4 the T-compensator secondary is connected to

modify the phase 1-2 voltage. With a fault in the trip direction,
the inducted voltage in the compensator bucks the phase 1-2 voltage.
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Vector diagrams on Fig. 5 illustrate the operation during the
3-phase fault at four locations. The system impedance is
assumed to be at 60° and the compensator angle is assumed to

be 90° for illustrative purposes only. Prefault voltages are
depicted by the large triangle. The smaller dashed triangle

in each case is the system voltages at the relay location during
the fault. This triangle is modified by the compensator voltage,
1.73I1Z¢, where Zg is the compensator mutual impedance.

The modified voltage triangle is designated by the X, Y, Z
lettering. The Vy, Vy, Vz voltages are applied to the tripping
unit that closes or restrains depending on the phase sequence
of these voltages.

The Vx, Vy and Vz voltages are derived as follows:

Vx = V1 - 1.73112¢ and
Vy = V2
Vz = V3

For a fault at A, beyond the relay operating zone the compensator
voltage - 1.731I1ZCc modifies the phase 1 voltage forming a
triangle of X, Y, Z rotation. Voltages of this phase rotation
when applied to the tripping unit produce restraining torque.

For a fault at B, the current is larger than for a fault at A,

so that - 1.73I1Z¢ is larger. The point X is in line with

points Y and Z. No torque is produced since the X, Y, Z triangle
has a zero area.

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

For a fault behind the relay at D, the fault is behind the relay,
the current is of reversed polarity and compensator voltage,
-1.7311Z¢ increases the area of the bus voltage triangle, 1-2-3,
Modified voltage triangle has an X-Y-Z rotation which produces
restraining torque.

A solid 3-phase fault at relay location tends to completely

collapse the 1-2-3 voltage triangle. The area of the X, ¥, Z
triangle also tends to be zero under these conditions. A
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memory circuit in the KD-5 relay circuitry that consists of
inductance Xj, and capacitor C3¢ provides momentary operating
torque under these conditions for an internal fault.

The R3p and C3p Parallel resistor-capacitor combination
in the compensated phase corrects for a shift in the phase
angle relation between the voltage across the left hand coils
of z(3@) and the voltage across the right hand coils of Z(3{)
in internal schematic Dwg. 188A421. This phase shift is produced
by capacitor C3¢. The Rgp-C3p combination also provides control
of transients in the inductive coils of the cylinder unit.

Phase-to-Phase Unit

Compensator primaries of Tap and Tpc are energized by I1, I2,
and I3 as shown in Fig. 1ll. Compensator secondaries are
connected to modify their respective phase voltages (e.g.,

Tpp 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. 6 illustrates 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 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 (Il - 12)
zc and (I2 - I3) Zg where Zg is the compensator mutual impedance.
In this case I1 = 0. The terminals of the tripping unit are
designated: X, Y and Z. Tripping unit voltages are for phase
2-3 fault:

vxy = V12 - (I1 - 1I2) Z¢
Phase 2-3 tripping unit voltage is:

Vyz = Va3 - (I2 - I3) Zg
For a fault at A, in Fig. 6, beyond the relay operating zone,
the compensator voltages change the 1-2-3 voltage sequence to
the identical X-Y-Z sequence. Voltages 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,
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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-Y-Z 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 reversed 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 voltages to
produce a strong restraining or a strong operating torque,
depending upon the fault location. This is true even for a
complete collapse of the faulted phase-to-phase voltage.

Similar vector diagrams apply for a fault between phases 1 & 2
or between phases 3 & 1. Each of the three phase-to-phase fault

combinations subjects the cylinder unit to a different but
similar set of conditions.

CHARACTERISTICS

Distance Characteristic - Phase-to-Phase Unit

This unit responds to all phase-to-phase faults and most two
phase-to-ground faults. It does not respond to load current,
synchronizing surges, or out-of-step conditions. While a
characteristic circle can be plotted for this unit on the R-X
diagram as shown in Fig. 7, such a characteristic circle has

no significance except in the first quadrant where resistance
and reactance values are positive. A small portion of the fourth
quadrant, involving positive resistance values and negative
ractance values, could have some significance in the event that
the transmission line includes a series capacitor. The portion
of the circle in the first quadrant is of interest because it
describes what the relay will do whn arc resistance is involved
in the fault. The phase-to-phase unit operating on an actual
transmission system is inherently directional and no separate
directional unit is required.
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An inspection of Fig. 7 indicates that the circle of the phase-
to-phase unit is dependent on source impedance Zg. However,

the circle always goes through the line balance point impedance.
The reach at the compensator (and line) angle is constant,
regardless of the system source impedance. The broadening of the
characteristic circle with a relatively high source impedance
gives the phase-to-phase unit the advantageous characteristic
that for short lines, it makes a greater allowance for resistance
in the fault. Stated another way, the characteristics approach
that of a reactance relay more and more closely as the line

being protected becomes shorter and shorter with respect to the
source impedance back of the relaying location.

Sensitivity: Phase«to-Phase Unit

A plot of relay reach, in per cent of tap block setting, versus
relay terminal voltage is shown in Fig. 8. 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 0.030 relay amperes with an ohm setting
of 1.23 with rated voltage on the unfaulted phase. Pick up
current is proportionally higher in S = 2 and S = 3 taps.

The KD-5 relay may be set without regard to possible overreach
due to d-c transients. Compensators 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 secondary. Asymmetrical 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.

Distance Characteristic - 3 Phase Unit

The three-phase unit has a characteristic circle which passes
through the origin as shown in Figure 9. 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 9 which passes through the origin. However, since all
three voltages drop to zero, the relay would be unable to
determine whether an internal or external fault existed. To
correct this condition, a "memory' circuit is added. The
"memory" circuit in the 3-phase unit is energized with voltage
equal to Vpol. =V3g - 1/2 (Vig + Vop). This voltage is chosen
for 3-@ unit polarization so that it provides a natural 60°
maximum torque anlge characteristic, with the additional phase
shift down to 35° maximum torque angle provided by the
compensator phase shift winding. The resonant circuit is
energized by this voltage which allows the polarity voltage to
collapse gradually, thus giving a reference voltage to determine
whether the fault is inside the protected line section or behind
the relay. The maximum torque angle of this unit is set for
less than the maximum torque angle of the phase~-to-phase unit
in order to accommodate more arc resistance. The factory
setting is 35° (45° for phase-to-phase unit). The angle may

be readjusted as needed up or down.

Sensitivity - KD-5, 3-Phase Unit

The impedance curve for the KD-5 three-phase unit is shown in
Figure 8.

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

zero torque or perhaps a slight opening torque if there is zero
voltage at the relay prior to the fault or after the memory

action has subsided. With an impedance setting of 1.23 ohms the
three-phase unit will directionally operate for faults which
produce .5 volts line to line and 2.7 ampere at the relay terminals.

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

1 = 3.4 amperes
T

where T = Compensator Tap Value

The KD-5 relay may be set without regard to possible overreach
due to d-c transients,
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General Characteristics

Impedance settings in ohms reach can be made for any value from

.2 ohms to 4.35 ohms in steps of 3 per cent. The maximum

torque angle which is set for 45 degrees at the factory for

$-@ unit, and 35 degrees for 3¢ may be set for any value from

35° to 60° for phase-to-phase unit and from 50° to 60° for

3-phase unit. 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 compensator secondary voltage
output V, is largest when V leads the primary current, I, by

90°. This 90° relationship is approached, if the compensator
loading resistor (P3, Roa or Rgg) 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, IT, ITpp or ITpc. Thus the net voltage, V, is phase-
shifted to change the compensator maximum torque angle. As a
result of this phase shift the magnitude of V is reduced, as

shown in Fig. 2. Tap markings in Fig. 3 are based on 45° for phase-
to-phase unit and on a 35° compensator angle setting for three
phase unit. If the resistors R3 and Rpg, A are adjusted for

some other maximum torque angle the nominal reach is different
than indicated by the taps. The reach, Zg varies with the maximum
torque angle 8, as follows:

TS sin 9
(1 * M) sin 45°

TS sin (8 + 30°)
(L ¥ M) sin 65°

For ¢-@ unit Zg =

For 3¢ unit 2Zg =

Tap Plate Markings

(T, TA, TR, and T(C)
.23, .307, .383, .537, .690, .920, 1.23

(S: SAa SC)
1 2 3

(M’ Ma » M(‘)
.03 .06 .06
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TIME CURVES AND BURDEN DATA

Operating Time

The speed of operation for the KD-5 relay three-phase and phase-
to-phase units is shown by the time curves in Figure 10. The
curves indicate the time in milliseconds required for the relay
to close its contacts for tripping after the inception of a
fault at any point on a line within the relay setting.

Current Circuit Rating in Amperes

TAP SETTING CONTINUOUS 1 SECOND
S=1 §=2 §=3
1.23 10.0 10.0 10.0 240
.920 10.0 15. 15. 240
.690 10.0 15. 15. 240
.537 15. 15. 15. 240
.383 15. 15. 15. 240
. 307 15. 15. 15. 240
.230 15. 15. 15. 240

Burden

The burden which the relays impose upon potential and current
transformers in each phase is shown by Fig. 11 for the KD-5
relay. The potential burden and burden phase angle are based
on 69 volts line-to-neutral applied to the relay terminals.

Trip Circuit Constants

1 ampere rating: 0.1 ohms d-c, resistance
0.2/2.0 ampere rating: - 0.2 tap - 6.5 ohms
2 tap - 0.15 ohms

12
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SETTING CALCULATIONS

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

T, Ta, TB and TG
.23-.307-.383-.537-.690-.920-1.23

S, SA’ and SC

1 2 3
M, Ma, Mg
.03 .06 .06

(T values between taps)

Maximum torque angle is set for 45° (current lagging voltage) for
phase to phase unit and for 35° for three phase unit. For line
angles below 45° set the phase-to-phase unit for the actual

line angle by adjusting R2p and R2¢ without changing the 3-phase
unit adjustment. Set zone 1 reach to be 90% of the line (85%

for line angles of less than 30°).

Calculations for setting the KD-5 relays are straightforward and
apply familiar principles. Assume a desired balance point which
is 90% of the total length of line. The general formula for
setting the ohms reach of the relays is:

For phase-to-phase unit

— 0.9 R
Zg = zpri ___%;_Q__

For three phase unit

0.9 R¢

29 = Zpri
0 pri Ry

The terms used in this formula are defined as follows:
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Zg = the desired ohmic reach of the relay in secondary

ohms.
TS - .

7 = ——e———— = the tap plate setting

1 T M
T = compensator tap value
S = auto~-transformer primary tap value
8 = maximum torque angle setting of the relay
M = auto-transformer secondary tap value

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

Zpri = ohms per phase of the total line section

0.9 = the portion of the total line for which the
relay is set
Re = current transformer ratio

Ry = potential transformer ratio

The following procedures should be followed in order to obtain
an optimum tap plate setting of the relay, Z.

la Establish Zg

1b Establish Z - relay tap plate settings. If the

desired maximum torque angle is different from the

factory setting (Z # Zg) multiply Zg -- value by

factor Sin 45°  for phase to phase unit, and by
Sin ©

Sin 65° for three phase unit.
Sin (30 + @)

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

a) Locate a table value for relay reach nearest to the
desired value Z (it will always be within 1.5% or
less off the desired value.)

b) Read off the table "S, T," and "M'" settings. '"M'-
column includes additional information for "L'" and "R"

leads setting for the specified "M'" value.

¢) Recheck the obtained S, T, M - settings by using

equation.
g = ST
13 M

For example, assume the desired reach Zg, is 1.71 ohms at
40°. Making correction for maximum torque angle of the line
(40°) that is different from factory setting of 45° the relay
setting, Z should be Z = 1.71 x 1.11 = 1.89 ohms.

The phase-to-phase unit setting is found as follows:
a) The nearest reading is 1.90 ohms that is

.90 x 100 = 100.5% of the desired reach.

1.89
b) From the Table 1 read off S = 2
T = .920
M= .03

and "R" lead should be connected over 'L'" - lead with
"L" connected to "O" tap and "R" - lead to ".03" tap.

c¢) Recheck settings

7 = ST _ 2 x .920 - 1.895
1t M 1 - .03
_ _ Sin 40° _ _
or Zg = Z40° = Z ———_ =1.895x .907 = 1.72 ohms
Sin 45°

Three phase unit setting is found as follows:
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Since the line impedance angle is 40° the recommended maximum
torque angle setting for three phase unit will be 35°, or the
factory setting. Now Zg = Z = 1,72

a) The nearest table value is 1.69
b) From the Table 1 read off

S =2
T = .920
M=+ .09

"L" lead should be over "R" with "L" - lead, connected
to lower .06 -tap and
"R" lead connected to '"0'"-tap.

c) Recheck settings

SM__ _ 2 x .920 _

1.69
1 + M 1 + .09

Z =

or 99% of desired setting.

SETTING THE RELAY

The KD-5 relay requires settings for each of the three
compensators (T, TAB and TBC), each of the auto-transformers,
primaries (S, Sp, and S;) and secondaries (M, Mp» and Ms), All
of these settings are made with taps on the tap plate which is
located between the operating units. Fig. 3 shows the tap plate.

Compensator (T, Tpp and Tpg)

Each set of compensator taps terminate in inserts which are
grouped on a socket and form approximately three quarters of a
circle around a center insert which is the common connection for
all of the taps. Electrical connections between common insert
and tap inserts are made with a link that is held in plate with
two connector screws, one in the common and one in the tap.
There are two Ty settings to be made since phase B current is
passed through two compensators. A compensator tap setting is
made by loosening the connector screw in the center. Remove

the connector screw in the tap end of the link, swing the link
around until it is in position over the insert for the desired
tap setting, replace the connector screw to bind the link to this
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insert, and retighten the connector screw in the center. Since
the link and connector screws carry operating current, be sure
that the screws are turned to bind snugly.

Auto-Transformer Primary (S, SA, and Si)

Primary tap connections are made through a single lead for each
transformer. The lead comes out of the tap plate through a
small hole located just below or above the taps and is held in
place on the tap by connector screw. (Figure 3).

An "'S" setting is made by removing the connector screw, place
the connector in position over the insert of the desired setting,
replacing and tightening the connector screw. The connector
should never make electrical contact with more than one tap

at a time.

Auto-Transformer Secondary (M, Ma, and M)

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 of '"M'" tap inserts. The lead connectors are held
in place on the proper tap be connector screws. '

Values for which an "M'" setting can be made are from -.15 to +
.15 in steps of .03. The value of a setting is the sum of the
numbers that are crossed when going from the R lead position

to the L lead position. The sign of the 'M" value is determined
by wrich lead is in the higher position on the tap 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 connector screws so that the L and R leads are free.
Determine from the following table the desired '"M" value.
Neither lead connector should make electrical contact with more

than one tap at a time.

See Table 1 for tabulated '"M" settings.

Line Angle Adjustment

Maximum torque angle is set for phase-to-phase unit for 45°
(current lagging voltage) and for 35° for three phase unit in
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factory. For line angles from 45° to 60° KD-5 relay maximum
torque angle andjustment need not be disturbed. For line
angles below 45°, set phase-to-phase unit for the required line
angle, adjusting the compensator loading resistors Rpp and Rpc,
and leave the three phase unit undisturbed. Refer to Repair
Calibration parts 1 and 4, when a change in maximum torque
angle is desired.

Indicating Contactor Switch (ICS)

No setting is required for relays with a 1.0 ampere unit. For
relays with a 0.2/2.0 ampere unit, connect the lead located in
front of the tap block to the desired setting by means of the
connecting screw. When the relay energizes a 125- or 250-
volts 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 a S#304C209G0l coil, or
equivalent.

INSTALLATION

The relays should be mounted on switchboard panels or their
equivalent in a location free from dirt, moisture, excessive
vibration and heat. Mount the relay vertically by means of the
mounting stud for the type FT projection case or by means of the
four mounting holes on the flange for the sem-flush type FT
case. Either the stud or the mounting screws may be utilized
for grounding the relay. The electrical connections may be

made directly to the terminals by means of screws for steel
panel mounting; or to the terminal stud furnished with the relay
for thick panel mounting. The terminal stud may be easily
removed or inserted by locking two nuts on the stud and then
turning the proper nut with a wrench.

For detailed information on the FT case refer to I.L. 41-076.

EXTERNAL CONNECTIONS

Fig. 12 shows the connections for 3 zone protection utilizing
the TD-2 timer. Fig. 13 is similar to Fig. 12 except that the
TD-4 timer is used instead of the TD-2. Fig. 13 does not show
the use of the 5/5 auxiliary current transformer so that the

CT neutral may be formed elsewhere; however, this connection

is equally applicable whether the TD-2 or TD-4 timer is employed.
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A-C connections for additional applications are shown in Fig

14, 15 and 16. These connections apply when the transmission
line is terminated in a power transformer, and when low side
voltage and current are used to energize the relays. 1In
calculating the reach settings, the bank impedance must be added
to the line impedance.

For the case of a wye-delta bank (Figs. 15 and 16) the voltages
and currents are phase-shifted by 30°; however, this fact should
be ignored, as the KD relays are not affected by this phase
shift.

Figs. 14 through 16 show the TD-3 relays; however, the TD-4 is
equally applicable. In the case of Figs. 15 and 16 the two
S#234A240G07 auxiliary CT's are not required if the TD-4 is
used.

SWITCHBOARD TESTING WITH
KD-5 RELAY

Immediately prior to placing the relays in service, the external
wiring can be checked my manipulating the current and voltage
applied to the relay.

RECEIVING ACCEPTANCE

KD-5 relays have a very small number of moving parts and mechanical
devices which might become inoperative. Acceptance tests in
general consist of:

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

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

Distance Units

Check the electrical response of the relay by using the test
connections in Figure 17. Set T, Tp, both Tp & Tc for 1.23;
S, Sp, & S¢ for 1; M, Mpa & Mg for 0.00.

A. Use connections for Test No. 1 and adjust the voltages
V1F2F and V2F3fF for 30 volts each.
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B. The current required to make the contacts close for the
three-phase (bottom) unit should be between 13.8 and 14.4
amperes at the maximum-torque angle of 35° current lag.
(Set phase shifter for 65° lag in Fig. 17).

C. Use connection for Test No. 4

D. Adjust the voltage between PH.l and 1F and between PH.?2
for 45 volts each so that the resultant voltage Vipop

equals 30 volts (120-45-45 = 30V).

E. The current required to make the contacts close for the
phase-to-phase (top) unit should be between 11.9 and
12.5 amperes at an angle of 45° current lag.

F. Repeat E while using connections for Test No. 5 and Test
No. 6. The difference in values of current that make
the contacts close for each of the three test connections
should not be greater than 3% of the smallest value.

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

Indicating Contact Switch (ICS)

Close the main relay contacts and pass sufficient d-c current
through the trip circuit to close the contacts of the ICS.

This value of current should be not less than 1.0 ampere not
greater than 1.2 amperes for the 1 ampere ICS. The current
should not be greater than the particular ICS tap setting being
used for the 0.2-2.0 ampere ICS. The operation indicator
target should drop freely.

The contact gap should be approximately 0.047" for the 0.2/2.0
ampere unit and 0.070" for the 1.0 ampere unit between the
bridging moving contact and the adjustable stationary contacts.
The bridging moving contact should touch both stationary
contacts simultaneously.

ROUTINE MAINTENANCE

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

All contacts should be periodically cleaned. A contact
burnisher #182A836H01 is recommended for this purpose. The
use of abrasive material for cleaning contacts is not
recommended because of the danger of embedding small particles
in 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 destroying arc-suppressor capacitors.

Use connections for tests 1, 4, 5 and 6 of Fig. 17 to check

the reach of the relay, or use a K-Dar Test Unit for this

purpose. When using test 1 of Fig. 17 the phase angle meter

must be set for 30° more than the maximum torque angle. Note

that the impedance measured by the 3-phase unit in test 1 is Zp =
VL-L where Vy_.7, is the phase-to-phase voltage and 1y, is the

3 1

phase current; similarly, in tests 4, 5, and 6 of Fig. 17 the
phase-to-phase unit measures 5 _ VL-L

21,

L

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient d-c current
through the circuit to close the contacts of the ICS. This
value of current should be not less than 1.0 ampere not

greater than 1.2 amperes for the 1 ampere ICS. The current
should not be greater than the particular ICS tap setting

being used for the 0.2-2.0 ampere ICS. The operation indicator
target should drop freely.

REPAIR CALIBRATION

Use the following procedure for calibrating the relay if the
relay has been taken apart for repairs or the adjustments
disturbed.

Connect the relay for testing as shown in Figure 17. The four-
pole-double-throw switch in the test circuit selects the type
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of voltage condition, for a phase-to-phase or a three-phase
fault, that will be applied to the relay voltage terminals.
The rotary switch switches the fault voltage to various
terminals and thereby simulates any combination of phase-to-
phase faults without the tester having to change connections

or readjust the phase shifter and variable auto-transformers.

Tripping Units

With the stationary contacts open so that the moving contact
cannot touch, set the moving contact spring adjuster so that
the contact floats freely in the gap. Make sure that there
is no friction which prevents free movement of the cylinder
and contact arm.

The upper pin bearing should be screwed down until there is
approximately .025 inch (one complete turn of the screw)
between it and the top of the shaft bearing. The upper pin
bearing should then be securely locked in position with the
lock nut. The lower bearing position is fixed and cannot be
adjusted.

Auto-Transformer Check

Auto-transformer may be checked for turns ratio and polarity
by using the No. 1 test connections of Fig. 17 and the
procedure outlined below.

Set S, Sp and Sc on tap number 3. Set the "R" leads of

M, My and Mc all on 0.0 and disconnect all the '"L" leads.
Adjust the voltages V1F2F and V2r3F for 90 volts. Measure
the voltage from terminal 8 to the #1 tap of S and SA. It
should be 30 volts. From 8 to the #2 tap of S and Sp should
be 60 volts. The voltage should read 30 volts from 8 to S¢
and 60 volts from 8 to S¢g = 2.

1

Set S, SA, and Sg on 1 and adjust Viy2r for 100 volts. Measure

the wvoltage drop from terminal 8 to each of the M and the Mj
taps. This voltage should be equal to 100 (1 + the sum of
values between R and the tap being measured).

Example: 100 (1 + .03 + .06) = 109 volts.

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

Then apply 100 volts a-c to terminal 7 and 8 and measure
voltage from terminal 8 to terminal 6, and from terminal 7
to terminal 6. Both voltages should measure 50 volts within
1 volt.

Distance Unit Calibration

Check to see that the taps on front of the tap block are set
as follows:

T, TA, TB, and T¢ set on 1.23 (Tap Tp is set twice).
S, SA, and Sc set on 1

"L" for M, MA, and Mc set on 0.0

"R" for M, MA and Mc set on 0.0

1. Three-phase Unit (Lower Unit)

Core and R3p Resistor Adjustments

Set R3 resistor for 145 ohms. Adjustable part of R3p should
be connected for full resistance.

Preheat relay for at least one hour by energizing it with rated

voltage, then proceed as follows:

1. Connect terminals 7-8 together, apply rated voltage between

terminals 9 and 6 and adjust core by turning it slightly
with a screwdriver until the contact arm restrains very
slightly.

2. Connect relay for Test #6. Set Vipgoy = 2 volts. Set
phase shifter so that voltage leads current by the angle
(30° + 9), where 8° is the maximum torque angle of the
3¢ unit (35° for standard unit). Make sure that applied
voltage is of correct phase sequence. Adjust resistor
R3p so that 3-@ unit trips at 2.25-2.35 ampere.

3. Connect relay for Test #5 except connect current leads 23
to 17 and 22 to 13. Otherwise similar voltage and phase
condition, as above, check pickup. It should be between
1.2 - 1.6 amperes. 1If not, repeat parts 1 and 2 above.
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4. Connect relay for Test 34. Ctherwise same voltage and
phase conditions as above. Check pickup - it should be
between 1.1 - 1.5 amperes.

Maximum Torque Angle Adjustment

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

2. Adjust the voltages Vip2r and V2p3r for 20 volts with
Brush No. 1 and Brush No. 2 respectively.

3. Adjust current for 15 amperes and rotate phase shifter
to find the two angles, 8 and 87, at which the bottom
unit contacts just close.

The maximum torque angle should be(-—g—gFgg— - 30)degrees.

This angle should be between 33° and 37°.

If necessary, readjust Rg resistor for correct angle.
If R3 adjustment is changed from its original setting,
repeat core and R3p resistor adjustment.

4. A smaller angle © may be obtained by reducing R3, in this
case the test current should be equal to 15 sin (35° + 30°)
sin (8 + 30)
amperes. The angle may be increased by increasing R3. If
0 of 60° is desired, open circuit R3 resistor.

Contact Adjustment

With moving contact arm against right hand backstop, screw the
stationary contact in until it just touches the moving contact.
(Check for contact by using an indicator lamp). Then back the
left contact out two-thirds (2/3) of one turn to give 0.020
inch gap between contacts.

Spring Restraint: Reconnect for a three-phase fault, Test No. 1,
and set the phase shifter so that the current lags voltage by
the maximum - torque angle, (65° in Fig. 17). Adjust the

spring so that the current required to close the left hand
contact is as follows:

Voltages Vip2F and V2p3g = 2.5 volts

Current to trip KD-5 = 1.46 amps.
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II. Phase-~to=-Phase Unit:

Core and Rac - Adjustment

A)

B)

C)

D)

Set Rpc - resistor so that the adjustable band is in the
center of the resistor.

Connect terminals 7 & 8 together and apply rated a-c voltage
between terminals 89. Adjust core until contact arm floats

in the middle of the gap. Use a screwdriver with insulated

blade to avoid accidental contact with tap plate inserts.

Connect terminals 8 & 9 together and apply rated a-c voltage
between terminals 7 & 8. The contact arm should float.

If not, readjust core. Only slight readjustment should be
required to do that. 1If this is not possible, rotate core
180° and adjust. Then recheck part B and see if contact is
floating.

Connect terminals 7 & 9 together. Apply rated a-c voltage
to terminals 7 & 8. Adjust resistor Rac until contact arm
floats.

Maximum Torque Angle Adjustment (Fig. 17)

1.

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

Adjust the voltage Vip3p and Vop3p for 10 volts with
Brush No. 1 and Brush No. 2 respectively.

Adjust the current to 15 amperes and rotate the phase shifter
to find two angles 81 and 02, at which the top unit contacts
just close., The maximum torque angle 8 for the phase-to-
phase unit then is 81 + 62

( 5——) — 30°

This angle should be 43° - 47°. This angle 8 can be
changed by adjusting R2A°

15 sin 45°

In this case, the test current should be equal to 5
sin

amperes.
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A lower value of resistance gives a smaller angle and a
higher resistance value gives agreater angle.

5. TUse the No. 3 test connections and repeat the above procedure
to check and adjust the angle of the Tpc compensator. This
adjustment is made with Ryc.

Spring Restraint

1. Use test No. 1 connections except reverse the voltage phase
sequence by interchanging the brush connections so that
Brush 1 is connected to 3F and Brush No. 2 is connected to
1F.

™~

Adjust the voltages V1p2F and Vop3p 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.

Contact Adjustment

The procedure for contact adjustment for the phase-to-phase unit
is identical to that described for three-phase unit.

The phase-to-phase unit is now calibrated and should be accurate
to within % 2% of the corrected tap value setting over the range
of fault voltages from 2.5 VL-L to 120 VL-L. The corrected tap
value is actual relay reach at a given maximum torque angle ©
and is equal to TS sin © The relay is now

Zg = .
° (1% M) (sin 45°)

calibrated and ready for service.

IIT. Compensator Check

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

26



I.L. 41-498.12

A. Set T, Tp, Tp and Tg on the 1.23 tap.
A> B, C

B. Disconnect the "L" leads of sections M, Mj, and My and
the brush leads of R3, R2A, and R2C without disturbing
the brush setting. (With resistor loading removed
0 = 90°).

C. Connect terminals 12 to 14, 15 to 17, 16 to 18 and pass
20 amperes a-c current in terminal 19 and out of terminal
130

D. Measure the compensator voltage Vg with a high resistance
voltmeter 5,000 ohm/volt as tabulategd below. Refer to
Fig. 1. for the location of R3, R2a, and R2C.

Measure VC
Teggggal Engg§ed Voltmeter Reading
"L" of M Rj3 Ve = 46.8 volts =
1.73 IT (8 = 60°)
HL" f M R V = 21T ———-—Sin-——g
o A 24 C ( sin 45°)
"L" of M¢ Roc = 69.5 volts (8 = 90°)

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

IV. Overall Check

After the calibration procedure has been completed, perform the
following check:

A. Three-Phase Unit

Connect the relay for a three-phase fault. Test No. 1 of
Figure 17 and set the phase shifter so that the phase angle
meter indicates 30° more than the maximum torque angle. The
current required to trip the relay should be within the
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limits specified for each of the voltages. Note that for the
three-phase unit the impedance measured by the relay is
Vi,-
ZR = L-L where Vi1 is phase-to-phase fault voltage and
31y,

11, is phase current.

Volts Amperes (8 = 35°)
V1F2F
Inin Tnax
V2F3F
2.5 1.46
10 4.6 4.8
30 13.6 14.4

to determine the limits of current when 8 is not equal to 35°
multiply the nominal wvalues tabulated above by the ratio

sin (35 + 30°)
sin ( 0 + 30°)

phase angle meter set for 6 + 30°.

B. Phase-to-Phase Unit

Using the connections for Tests Nos. 4, 5 and 6 set the phase
shifter so that the current lags voltage by 8/ The current
required to trip the phase-to-phase unit should be within

the limits specified for each of the voltages. Note that

for the phase-to-phase unit the impedance measured by the
relay is VL-L.

2 1g,

ZR=
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where Vi-j, is phase-to-phase fault voltage and lj, is phase

current.
Test VOLTS AMPERES (8 = 45°)
No. V1F2TF Inmin Inax
2.5 .98 1.08
5.0 ; 1.99 2.10
4 5, &6 30.0 i 119 | 125
79.0 28.0 | 29,

To determine the limits of current when 8 is not equal to 45,
multiply the nominal values tabulated above by the ratio
sin 45°

sin 9

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

If test #6 is out of limits readjust Rpc resistor until current
limits are met.

If substantial core or resistor changes are made, recheck parts
A, B, C, D of core and Rpg adjustment.

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient d-c current
through the trip circuit to close the contacts of the ICS. This
value of current should be not less than 1.0 ampere nor greater
than 1.2 amperes for the 1 ampere ICS. The current should not
be greater than the particular ICS tap setting being used for
the 0.2-2.0 amperes ICS. The operation indicator target should
drop freely.

The contact gap should be approximately 0.047" for the 0.2/2.0
ampere unit and 0.070" for the 1 ampere unit, between the
bridging moving contact and the adjustable stationary contacts.
The bridging moving contact should touch both stationary contacts
simultaneously.
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RENEWAL PARTS

Repair work can be done most satisfactorily at the factory.
However, interchangeable parts can be furnished to the customers
who are equipped for doing repair work. When ordering parts,
always give the complete nameplate data.
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TABLE 1II

NOMENCLATURE FOR RELAY TYPE KD-5

UNIT ITEM DESCRIPTION
Z (3¢) Two Element-Coils; Total d-c Resistance =
125 to 155 ohms
Z (3¢) Two Element-Coils; Total d-c Resistance =
/) 360 to 440 ohms
% *R3A» R3F 2 of 3-1/2 inch Resistors, Total Resistance
Y 2250 ohms (one resistor is fixed, one
M adjustable)
21 R3 2 inch Resistor 300 ohms adjustable
T C3A 2.0 MFD Capacitor
| *C3c 0.50 MFD Capacitor
T Compensator (Primary Taps - .23; .307;
; .383; .537; .690; .920; 1.23)
: 8 Auto-Transformer Primary (Taps - 1; 2; 3)
| M Auto-Transformer Secondary (Between Taps -
E 0.0; .03; .06; .06)
§ XI1,Xsg Reactors
AT 'S Two Element-Coils; Total d-c Resistance =
0 180 to 220 ohms
& *RAC 3-1/2 inch Resistor 750 ohms Adjustable
R+, R2A 2 inch Resistor 100 ohms Adjustable
=3 *Coa Co2c 1.35 MFD Capacitor
s TaB TgC Compensator Same as T
wi SA SC Same as S
%% MA Mg Same as M
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RELAY SETTINGS

TABLE |

FOR KD-4 RELAY (.2 - 4.35 OHMS)

S=1 S=2 §=3 LEAD CONNECTION
.230 |.307(.383{.537 .690].920 [1.23 | .690f .920| 1.23[.920| 1.23 |+M -M | “L’’-Lead [“‘R’’ Lead
200 |.272(.333|.466 |.600].800 |1.070 || — |1.60 | 2.14| — |3.21(+.15 Upper .06 0
.205 (.274(.341}.479 (.615|.822 (1,100 || — |1.64 | 2.20| — {3.29 |+.12 Upper .06 .03
.2114.282(.350 |.493 {.632].843 (1.120j — [1.69 | 2.24f| — |[3.38 1+.09 Lower .08 0
.217./.290|.361.506 (.650 | .869 |1.160 || — |[1.74 {2.32]| — |3.48 |+.06 Upper .06 {Lower.06
.224|.298|.3711.521|.670|.892 |1.191 || — [1.78 {2.38|| — |3.58 |+.03 .03 0
.230 |.307).383|.5371.690|.920|1.230 | — |1.84 |2.46]| — {3.69]| 0 |- 0O 0 0
.237).317|.395 |.552 {.713|.948 {1.270 || — |1.90 | 2.54|| — |3.80 -.03 0 .03
.245.327|.407|.571 |.735|.980 |1.310 ||1,47 | 1.96 | 2.62| — |[3.93 —-.06( Lower.06 |Upper .06
.253 | — [.421(.590 {.760|1.010 |1.355 ||1.52|2.02 | 2.70 [(3.03 | 4.06 -.09 0 |Lower.06
.261} — [.435| — [.785]1.048(1.395||1. - [2.09 | 2.80(3.14|4.19 -.12 .03 |Upper .06
271 — [.450 — - |- 1.45 - - 290 — 14.35 -.15 0 |Upper .06
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1Cs

(Rear View) (Front View)

Fig. 1 Type KD-5 Relay Without case
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CHASSIS OPERATED
SHORTING SWITCH

CURRENT TEST JACK

$9 DISTANCE UNIT
(UPPER UNIT)

.02 WFD
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38 DISTANCE UMIT

e {NDICATING

CONTACTOR
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/

REACTOR AIRGAP
TRANSFORNERS
AUTO
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REACTER |

T——RED WANDLE

188Ak21

Fig. 4 Internal Schematic of Type KD-5 Relay with 1.0 ampere I.C.S. in the type FT42 case. (Relay with 0.2/2.0 ampere
1.C.S. unit has identical wiring except that the I.C.S. coil is tapped on terminal 10 (188A426).
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Fig. 7 Impedance Circles for Phase-to-Phase Unit in the
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Fig. 9 Impedance Circle for Three-Phase Unit in Type
KD-5 Relay.
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Westinghouse 1.L. 41-498. 124
INSTALLATION ¢ OPERATION o MAINTENANCE

INSTRUCTIONS

TYPE KD-5 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
connections.

APPLICATION

The type KD-5 relay (Figure 1), is a polyphase compensator type
relay which provides a single zone of phase protection for all
three phases. It provides instantaneous tripping for all
combinations of phase-to-phase, two phase-to-ground faults, and
three-phase faults.

The type KD-5 relay is available with indicating contactor
switches with either a 1 ampere or a 0.2/2.0 ampere rating. The
1 ampere rating is recommended for all directional comparison
applications and for most distance relaying applications. The
0.2/2.0 ampere rating is recommended for distance relaying where
a lockout relay is energized or where a high impedance auxiliary
tripping relay is utilized.

Refer to I.L. 41-911 for a description of how KD-5 relays are
used in directional comparison blocking systems.

For time-distance applications the KD-5 relay is used with
either the TD-2 ac current operated timer, or with the TD-4 or
TD-5 dc transistorized timer. See Figs. 12 and 13 for the
external schematics for 3 zone protection, using the TD-2 and
TD-4 relays, respectively. For further discussion see "External
Connections."

Use fault detectors to supervise the trip circuit for those
applications where the relays can be de-energized without
attendant opening of the 52a contact. Otherwise undesired
tripping occurs. A S#1878395 three unit SC relay (2-8 amperes)
in the type FT32 case or a S#288B714A18 three unit ITH relay
(4-8 amperes) in the FT1l case is recommended.

SUPERSEDES I.L. 41-498.12 EFFECTIVE MARCH 1972
*Denotes change from superseded issue.
[



CONSTRUCTION
The type KD-5 relay consists of three single air gap transformers
(compensators), three tapped auto-transformers, two cylinder

type operating units, and an ICS indicating contactor switch.

Compensator

The compensators which are designated TAB and Tpc are three-
winding air-gap transformers (Fig. 2). There are two primary
current windings each current winding has seven taps which
terminate at the tap block. (Fig. 3). They are marked 0.23,
0.307, 0.383, 0.537, 0.690, 0.920 and 1.23. Current flowing
through the primary coil provides an MMF which produces magnetic
lines of flux in the core. Compensator designated T, has only
one primary winding.

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 disturbed 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
proportional to the phase current is subtracted vectorially

from the relay terminal voltage. The second section is connected
to an adjustable loading resistor and provides a means of
adjusting the phase angle relation between primary current and
the induced secondary voltage. The factory setting is for a
maximum torque angle of 45° current lagging voltage for phase-
to-phase unit and 35° for three phase unit.

Auto-transformer

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

2
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The sign of 11 is negative when the R lead is a bove the L

lead., 11 is positive when T is in a tap location which is

above the tap location of the R lead. The M setting is
determined by the sum of per unit valu s between the R and L
lead. The actual per unit values wlich appear on the tap plate

between taps are 2, .02, .05, and .06.

")

The auto-transformer makes it possible to expand the basic range

(T = .22 to 1.23 ohms) by a multiplier of § . Therefore, any
1+ M

relay chm setting can be made within = 1.5 per cent from 0.2

ohms £o %.35 olms by combining the compensator taps T, TagR,

and Tpc with the auto-transformer taps 5 and M, Sp and Mp, and

S¢ and Mg.

Tripping Unit

The device which zcts to initiate tripping is a four-pole
cylinder unit which is connected open delta and operates as a
three-phase induction motor. Contact-closing torque is produced
by the unit when the voltage applied to its terminals has a
negative-phase sequence. Closing torque for the relay forces the
moving contact to the left hand side as viewed from tle front of
the relay. <Contact-opening torque is produced wlen positive-
phase sequence voltages are applied. I'ence, the cylinder unit
has restraint or operating torque as determined by the phase
sequence of the voltages appliad to its terminals.

Mechanically, the cylinder unit is composed of three basic
components: a die-cast aluminum frame and electromagnet, a
moving element assembly, and a molded bridge.

The frame serves as the mounting structure for the magnetic core.
The magnetic core wiich houses the lower pin bearing is secured
to the frame by a spring and snap ring. This is an adjustable
core which has a .220 inch flat on one side and is held in its
adjusted position by the clamping action of two compressed
springs. The bearing can be replaced, if necessary, without
having to remove the magnetic core from the frame.

)
B
®

et has two series-connected coils mounted

opposite one another to excite each set of poles.

on the electromagnet are used to accurately

wer pin bearing, which is mounted on the frame,
the upper pin bearing, which is threaded into

The electromagnet is permanently secured to the
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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 which the moving-
contact arm is clamped has a wedge-and-cem construction, to
provide low-bounce contact action. A casual 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. Uowever,
tlis 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 force of 7 to 8 grams
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 bearing. The shartft
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 electromagnet
and the magnetic core.

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

1then the contacts close, the electrical connection 1s made
through the stationary contact housing clamp, to the moving
contact, through the spiral spring and out to the spring
adjuster clamp.



I.L. 41-498.12A

Indicating Contactor Switch Unit (ICs)

The indicating contactor switch is a small d-c operated clapper
type device. A magnetic armature, to which leaf-spring mounted
contacts are attached, is attracted to the magnetic core upon
energization 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 located on the front of the switch, which allows
the operation indicator target to drop. The target is reset

from outside of the case by a push rod located at the bottom of
the cover.

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

OPERATION

The KD-5 relay has two major components-compensators and tripping
units. In the internal schematic of Fig. 4 the compensators are
designated T, TAB, and Tpg, the tripping units, Z (39) & z (99).
The 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 (I; - 3Ip)
current in Fig. 12. The current I7 is the phase current; 3IQ 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 3Ip) component. The alternate
connection supplies the compensator primaries with -(I, + I3).
Since I1 + Ip + I3 = 3Ip, (I1 - 3Ip = (I + I3). Currents, I,
I2 and I3 are phase currents. Accordingly, the alternate
connection is equivalent to the first arrangement.

As shown on Fig. 4 the T-compensator secondary is connected to

modify the phase 1-2 voltage. With a fault in the trip direction,
the inducted voltage in the compensator bucks the phase 1-2 voltage.

5



Vector diagrams on Fig. 5 illustrate the operation during the
3-phase fault at four locations. The system impedance is

assumed to be at 60° and the compensator angle is assumed to

be 90° for illustrative purposes only. Prefault voltages are
depicted by the large triangle. The smaller dashed triangle

in each case is the system voltages at the relay location during
the fault. This triangle is modified by the compensator voltage,
1.73I1Zc, where Z¢ is the compensator mutual impedance.

The modified voltage triangle is designated by the X, Y, Z
lettering. The Vg, Vy, Vz voltages are applied to the tripping
unit that closes or restrains depending on the phase sequence
of these voltages.

The Vg, Vy and Vz voltages are derived as follows:

Vg = V1 - 1.7311Z¢ and

£

Vy \'

Vg = V3

For a fault at A, beyond the relay operating zone the compensator
voltage - 1.73I1ZC modifies the phase 1 voltage forming a
triangle of X, Y, Z rotation. Voltages of this phase rotation
when applied to the tripping unit produce restraining torque.

For a fault at B, the current is larger than for a fault at A,

so that - 1.73I1Z¢ is larger. The point X is in line with

points Y and Z. ©No torque is produced since the X, Y, Z triangle
has a zero area.

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

For a fault behind the relay at D, the fault is behind the relay,
the current is of reversed polarity and compensator voltage,
-1.7311Z¢c increases the area of the bus voltage triangle, 1-2-3.
Modified voltage triangle has an X-Y-Z rotation which produces
restraining torque.

A solid 3-phase fault at relay location tends to completely

collapse the 1-2-3 voltage triangle. The area of the X, Y, Z
triangle also tends to be zero under these conditions. A

6
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memory circuit in the KD-5 relay circuitry that consists of
inductance Xj, and capacitor C3¢ provides momentary operating
torque under these conditions for an internal fault.

The R3p and C3p parallel resistor-capacitor combination
in the compensated phase corrects for a shift in the phase
angle relation between the voltage across the left hand coils
of Z(3¢) and the voltage across the right hand coils of Z(3¢)
in internal schematic Dwg. 188A421. This phase shift is produced
by capacitor C3¢. The R3p-C3A combination also provides control
of transients in the inductive coils of the cylinder unit.

Phase-to-’hase Unit

Compensator primaries of Tap and Tc are energized by I7, I2,
and I3 as shown in Fig. 11. Compensator secondaries are
connected to modify their respective phase voltages (e.g.,

Tpp modifines Vi2). With a fault in the trip direction, the
induced voltages in the compensator secondaries buck the phase-
phase voltages.

Vector diagrams in Fig. 6 illustrates 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 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 - I2)
Z¢c and (I2 - 1I3) Zc where Zg 1s the compensator mutual impedance.
In this case I1 = 0. The terminals of the tripping unit are
designated: X, Y and Z. Tripping unit voltages are for phase
2-3 fault:

Vxy = V12 - (I1 - 19) z¢
Phase 2-3 tripping unit voltage is:

Vyz = Vo3 = (I2 - 1I3) Zg
For a fault at A, in Fiz. 6, beyond the relay operating zone,
the compensator voltages change the 1-2-3 voltage sequence to
the identical X-Y-Z sequence. Voltages 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,

7



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

Similar vector diagrams apply for a fault between phases 1 & 2
or between phases 3 & 1. Each of the three phase-to-phase fault

combinations subjects the cylinder unit to a different but
similar set of conditions.

CHARACTERISTICS

Distance Characteristic - Phase-to-Phase Unit

This unit responds to all phase-to-phase faults and most two
phase-to-ground faults. It does not respond to load current,
synchronizing surges, or out-of-step conditions. While a
characteristic circle can be plotted for this unit on the R-X
diagram as shown in Fig. 7, such a characteristic circle has

no significance except in the first quadrant where resistance
and reactance values are positive. A small portion of the fourth
quadrant, involving positive resistance values and negative
ractance values, could have some significance in the event that
the transmission line includes a series capacitor. The portion
of the circle in the first quadrant is of interest because it
describes what the relay will do whn arc resistance is involved
in the fault. The phase-to-phace unit operating on an actual
transmission system is inherently directional and no separate
directional unit is required.

8
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An inspection of Fig. 7 indicates that the circle of the phase-
to-phace unit is dependent on source impedance Zg. However,

the circle always goes through the line balance point impedance.
The reach at the compensator (and line) angle is constant,
regardless of the system source impedance. The broadening of the
characteristic circle with a relatively high source impedance
gives the phase-to-phase unit the advantageous characteristic
that for short lines, it makes a greater allowance for resistance
in the fault. Stated another way, the characteristics approach
that of a reactance relay more and more closely as the line

being protected becomes shorter and shorter with respect to the
source impedance back of the relaying location.

Sensitivity: Phase=to-Phase Unit

A plot of relay reach, in per cent of tap block setting, versus
relay terminal voltage is shown in Fig. 8. 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 0.030 relay amperes with an ohm setting
of 1.23 with rated voltage on the unfaulted phase. Pick up
current is proportionally higher in S = 2 and S = 3 taps.

The KD-5 relay may be set without regard to possible overreach
due to d-c transients. Compensators 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 secondary. Asymmetrical 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.

Distance Characteristic - 3 Phase Unit

The three-phase unit has a characteristic circle which passes
through the origin as shown in Figure 9. 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 9 which passes through the origin. However, since all
three voltages drop to zero, the relay would be unable to
determine whether an internal or external fault existed. To
correct this condition, a '"memory' circuit is added. The
"memory"' circuit in the 3-phase unit is energized with voltage
equal to Vpol = V3qg - 1/2 (vig + VZO) This voltage is chosen
for 3-¢ unit polarlzatlon so that it provides a natural 60°
maximum torque anlge characteristic, with the additional phase
shift down to 35° maximum torque angle provided by the
compensator phase shift winding. The resonant circuit is
energized by this voltage which allows the polarity voltage to
collapse gradually, thus giving a reference voltage to determine
whether the fault is inside the protected line section or behind
the relay. The maximum torque angle of this unit is set for
less than the maximum torque angle of the phase-to-phase unit
in order to accommodate more arc resistance. The factory
setting is 35° (45° for phase-to-phase unit). The angle may

be readjusted as needed up or down.

Sensitivity - KD-5, 3-Phase Unit

The impedance curve for the KD-5 three-phase unit is shown in
Figure 8.

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

zero torque or perhaps a slight opening torque if there is zero
voltage at the relay prior to the fault or after the memory

action has subsided. With an impedance setting of 1.23 ohms the
three-phase unit will directionally operate for faults which
produce .5 volts line to line and 2.7 ampere at the relay terminals.

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

1 = 3.4

= e  amperes
T

where T = Compensator Tap Value

The KD-5 relay may be set without regard to possible overreach
due to d-c transients.

10
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General Characteristics

Impedance settings in ohms reach can be made for any value from

.2 ohms to 4.35 ohms in steps of 3 per cent. The maximum

torque angle which is set for 45 degrees at the factory for

$-¢ unit, and 35 degrees for 3% may be set for any value from

35° to 60° for phase-to-phase unit and from 30° to 60° for

3-phase unit. 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 compensator secondary voltage
output V, is largest when V leads the primary current, I, by

99°. This 90° relationship is approached, if the compensator
loading resistor (P3, Rpp or Rog) 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, IT, ITpp or ITgg. Thus the net voltage, V, is phase-
shifted to change the compensator maximum torque angle. As a
result of this phase shift the magnitude of V is reduced, as

shown in Fig. 2. Tap markings in Fig. 3 are based on 45° for phase-
to-phase unit and on a 35° compensator angle setting for three
phase unit. 1If the resistors R3 and Rpc, A are adjusted for

some other maximum torque angle the nominal reach is different
than indicated by the taps. The reach, Zg varies with the maximum
torque angle 8, as follows:

TS sin 9
(L ¥ M) sin 45°
TS sin (8 + 30°)
(L ¥ ) sin 65°

For §-¢ unit Zg =

For 3¢ unit Zg =

Tap Plate Markings

(T, Ta, TR, and Tg)
.23, .307, .383, .537, .690, .920, 1.23

1 2 3

(M’ Ma » M{‘)
.03 .06 .06

11



TIME CURVES AND BURDEN DATA

Operating Time

The speed of operation for the KD-5 relay three-phase and phase-
to-phase units is shown by the time curves in Figure 10. The
curves indicate the time in milliseconds required for the relay
to close its contacts for tripping after the inception of a
fault at any point on a line within the relay setting.

Current Circuit Rating in Amperes

TAP SETTING CONTINUOUS 1 SECOND

1.23 10.0 10.0 10.0 240
.920 10.0 15. 15. 240
.690 10.0 15. 15. 240
.537 15. 15. 15. 240
.383 15. 15. 15. 240
. 307 15. 15. 15. 240
.230 15. 15. 15. 240

Burden

The burden which the relays impose upon potential and current
transformers in each phase is shown by Fig. 11 for the KD-5
relay. The potential burden and burden phase angle are based
on 69 volts line-to-neutral applied to the relay terminals.

Trip Circuit Constants

1 ampere rating: 0.1 ohms d-c, resistance
0.2/2.0 ampere rating: 0.2 tap - 6.5 ohms
2 tap - 0.15 ohms

12
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SETTING CALCULATIONS

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

T, Tp, T and T¢
.23-.307~.383-.537-.690-.920-1.23

S, Sp, and Sg
) 3

M, Ma, Mc
.03 .06 .06

(T values between taps)

Maximum torque angle is set for 45° (current lagging voltage) for
phase to phase unit and for 35° for three phase unit. For line
angles below 45° set the phase-to-phase unit for the actual

line angle by adjusting R2a and Rp¢ without changing the 3-phase
unit adjustment. Set zone 1 reach to be 90% of the line (85%

for line angles of less than 30°).

Calculations for setting the KD-5 relays are straightforward and
apply familiar principles. Assume a desired balance point which
is 907% of the total length of line. The general formula for
setting the ohms reach of the relays is:

For phase-to-phase unit

- . 0.9 RC
Zg Zp ri RV
For three phase unit
0.9 Rg
Z = Z 2 emet————————
9 pri Ry

The terms used in this formula are defined as follows:

13



Zg = the desired ohmic reach of the relay in secondary

ohms.
TS - oy

7 = e———— = the tap plate setting

1 T M
T = compensator tap value
S = auto-transformer primary tap value
0 = maximum torque angle setting of the relay
M = auto-transformer secondary tap value

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

Zpri = ohms per phase of the total line section

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

Re = current transformer ratio
Ry = potential transformer ratio

The following procedures should be followed in order to obtain
an optimum tap plate setting of the relay, Z.

la Establish Zg
1b Establish Z - relay tap plate settings. If the

desired maximum torque angle is different from the
factory setting (Z # Zg) multiply Zg -- value by

factor Sin 45°  for phase to phase unit, and by
Sin ©

factor Sin 65° for three phase unit.
Sin (30 + ¢)

14
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2. Now refer to the Table 1
Table 1 lists optimum relay settings for relay range from
.2 to 4.35 ohms.

a)

b)

Locate a table value for relay reach nearest to the
desired value Z (it will always be within 1.5% or
less off the desired value.)

Read off the table 'S, T," and '"M" settings. ''M"-
column includes additional information for "L'" and "R"
leads setting for the specified 'M" value.

Recheck the obtained S, T, M - settings by using
equation.

ST

1T M

Z =

For example, assume the desired reach Zgs is 1.71 ohms at

40°.

Making correction for maximum torque angle of the line

(40°) that is different from factory setting of 45° the relay
setting, Z should be Z = 1.71 x 1.11 = 1.89 ohms.

The phase-to-phase unit setting is found as follows:

a)

b)

The nearest reading is 1.90 ohms that is

190 x 100 = 100.5% of the desired reach.

1.89
From the Table 1 read off § = 2
T = .920
M= .03
and "R'" lead should be connected over "L'" - lead with
"L'" connected to "O'" tap and "R" - lead to ".03" tap.
Recheck settings
7 = ST _ 2 x .920 - 1.895
1t M 1 - .03

Sin 40°

or Zg = Z{0° = Z =———— = 1,895 x .907 = 1.72 ohms

Sin 45°

Three phase unit setting is found as follows:

15



Since the line impedance angle is 40° the recommended maximum
torque angle setting for three phase unit will be 35°, or the
factory setting. Now Zg = Z = 1.72

a) The nearest table value is 1.69

b) From the Table 1 read off

S =2
T = .920
M=+ .09

"L'" lead should be over '"R" with '"L" - lead, connected
to lower .06 -tap and
"R" lead connected to '"O'"-tap.

c) Recheck settings

7 = S M = 2 x .920

= = 1.69
1 + y 1 T .09

or 997 of desired setting.

SETTING THE RELAY

The KD-5 relay requires settings for each of the three
compensators (T, TAB and TBC), each of the auto-transformers,
primaries (S, Sp, and Sg) and secondaries (M, Mp> and Mgy, All
of these settings are made with taps on the tap plate which is
located between the operating units. Fig. 3 shows the tap plate.

Compensator (T, Tap and Tgc)

Each set of compensator taps terminate in inserts which are
grouped on a socket and form approximately three quarters of a
circle around a center insert which is the common connection for
all of the taps. Electrical connections between common insert
and tap inserts are made with a link that is held in plate with
two connector screws, one in the common and one in the tap.
There are two Tp settings to be made since phase B current is
passed through two compensators. A compensator tap setting is
made by loosening the connector screw in the center. Remove

the connector screw in the tap end of the link, swing the link
around ugtil it is in position over the insert for the desired
tap setting, replace the connector screw to bind the link to this

16
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insert, and retighten the connector screw in tle center. Since
the link and connector screws carry operating current, be sure
that the screws are turned to bind snugly.

Auto-Transformer Primary (S, Sa, and S¢)

Primary tap connections are made through a single lead for each
transformer. The lead comes out of the tap plate through a
small hole located just below or above the taps and is held in
place on the tap by connector screw. (Figure 3).

An "S" setting is made by removing the connector screw, place

the connector in position over the insert of the desired setting,
replacing and tightening tl:e connector screw. The connector
should never make electrical contact with more than one tap

at a time.

Auto-Transformer Secondary (M, Ma, and Mg)

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 of '"M'" tap inserts. The lead connectors are held
in place on the proper tap be connector screws.

Values for which an '"M" setting can be made are from -.15 to +
.15 in steps of .03. The value of a setting is the sum of the
numbers that are crossed when going from the R lead position

to the L lead position. The sign of tle 'M" value is determined
by wiich lead is in the higher position on the tap 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 connector screws so that the L. and R leads are free.
Determine from the following table the desired ''M" value.
Neither lead connector should make electrical contact with more
than one tap at a time.

See Table 1 for tabulated "M" settings.

Line Angle Adjustment

Maximum torque angle is set for phase-to-phase unit for 45°
(current lagging voltage) and for 35° for three phase unit in

17



factory. For line angles from 45° to 60° KD-5 relay maximum
torque angle andjustment need not be disturbed. For line
angles below 45°, set phase-to-phase unit for the required line
angle, adjusting the compensator loading resistors Rpp and Roc,
and leave the three phase unit undisturbed. Refer to Repair
Calibration parts 1 and 4, when a change in maximum torque
angle is desired.

Indicating Contactor Switch (ICS)

No setting is required for relays with a 1.0 ampere unit. For
relays with a 0.2/2.0 ampere unit, connect the lead located in
front of the tap block to the desired setting by means of the
connecting screw. When the relay energizes a 125- or 250-
volts 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 a S#304C209G0Ol coil, or
equivalent.

INSTALLATION

The relays should be mounted on switchboard panels or their
equivalent in a location free from dirt, moisture, excessive
vibration and heat. Mount the relay vertically by means of the
mounting stud for the type FT projection case or by means of the
four mounting holes on the flange for the sem-flush type FT
case. Either the stud or the mounting screws may be utilized
for grounding the relay. The electrical connections may be

made directly to the terminals by means of screws for steel
panel mounting; or to the terminal stud furnished with the relay
for thick panel mounting. The terminal stud may be easily
removed or inserted by locking two nuts on the stud and then
turning the proper nut with a wrench.

For detailed information on the FT case refer to I.L. 41-076.

EXTERNAL CONNECTIONS

Fig. 12 shows the connections for 3 zone protection utilizing
the TD-2 timer. Fig. 13 is similar to Fig. 12 except that the
TD-4 timer is used instead of the TD-2. Fig. 13 does not show
the use of the 5/5 auxiliary current transformer so that the

CT neutral may be formed elsewhere; however, this connection

is equally applicable whether the TD-2 or TD-4 timer is employed.
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A-C connections for additional applications are shown in Fig

14, 15 and 16. These connections apply when the transmission
line is terminated in a power transformer, and when low side
voltage and current are used to energize the relays. 1In
calculating the reach settings, the bank impedance must be added
to the line impedance.

For the case of a wye-delta bank (Figs. 15 and 16) the voltages
and currents are phase-shifted by 30°; however, this fact should
be ignored, as the KD relays are not affected by this phase
shift.

Figs. 14 through 16 show the TD-3 relays; however, the TD-4 is
equally applicable. 1In the case of Figs. 15 and 16 the two
S#234A240G07 auxiliary CT's are not required if the TD-4 is
used.

SWITCHBOARD TESTING WITH
KD-5 RELAY

Immediately prior to placing the relays in service, the external
wiring can be checked my manipulating the current and voltage
applied to the relay.

RECEIVING ACCEPTANCE
KD-5 relays have a very small number of moving parts and mechanical
devices which might become inoperative. Acceptance tests in

general consist of:

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

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

Distance Units

Check the electrical response of the relay by using the test
connections in Figure 17. Set T, Tp, both Tg & T¢c for 1.23;
S, Sp, & Sc for 1; M, My & Mg for 0.00.

A. Use connections for Test No. 1 and adjust the voltages
V1F2F and V2r3r for 30 volts each.
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B. The current required to make the contacts close for the
three-phase (bottom) unit should be between 13.8 and 14.4
amperes at the maximum-torque angle of 35° current lag.
(Set phase shifter for 65° lag in Fig. 17).

C. Use connection for Test No. 4

D. Adjust the voltage between PH.l and 1F and between PH.2
for 45 volts each so that the resultant voltage Vipof

equals 30 volts (120-45-45 = 30V).

E. The current required to make the contacts close for the
phase~to-phase (top) unit should be between 11.9 and
12.5 amperes at an angle of 45° current lag.

F. Repeat E while using connections for Test No. 5 and Test
No. 6. The difference in values of current that make
the contacts close for each of the three test connections
should not be greater than 3% of the smallest value.

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

Indicating Contact Switch (ICS)

Close the main relay contacts and pass sufficient d-c current
through the trip circuit to close the contacts of the ICS.

This value of current should be not less. than 1.0 ampere not
greater than 1.2 amperes for the 1 ampere ICS. The current
should not be greater than the particular ICS tap setting being
used for the 0.2-2.0 ampere ICS. The operation indicator
target should drop freely.

The contact gap should be approximately 0.047" for the 0.2/2.0
ampere unit and 0.070" for the 1.0 ampere unit between the
bridging moving contact and the adjustable stationary contacts.
The bridging moving contact should touch both stationary
contacts simultaneously.

ROUTINE MAINTENANCE

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

All contacts should be periodically cleaned. A contact
burnisher #182A836H01l is recommended for this purpose. The
use of abrasive material for cleaning contacts is not
recommended because of the danger of embedding small particles
in 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 destroying arc-suppressor capacitors.

Use connections for tests 1, 4, 5 and 6 of Fig. 17 to check

the reach of the relay, or use a K-Dar Test Unit for this
purpose. When using test 1 of Fig. 17 the phase angle meter
must be set for 30° more than the maximum torque angle. Note
that the impedance measured by the 3-phase unit in test 1 is ZR =

VL-L where Vy_1, is the phase-to-phase voltage and 1, is the

3 1.
phase current; similarly, in tests 4, 5, and 6 of Fig. 17 the
phase-to-phase unit measures Zg = VL-1L
214,

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient d-c current
through the circuit to close the contacts of the ICS. This
value of current should be not less than 1.0 ampere not

greater than 1.2 amperes for the 1 ampere ICS. The current
should not be greater than the particular ICS tap setting

being used for the 0.2-2.0 ampere ICS. The operation indicator
target should drop freely.

REPAIR CALIBRATION

Use the following procedure for calibrating the relay if the
relay has been taken apart for repairs or the adjustments
disturbed.

Connect the relay for testing as shown in Figure 17. The four-
pole-double-throw switch in the test circuit selects the type
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of voltage condition, for a phase-to-phase or a three-phase
fault, that will be applied to the relay voltage terminals.
The rotary switch switches the fault voltage to various
terminals and thereby simulates any combination of phase-to-
phase faults without the tester having to change connections

or readjust the phase shifter and variable auto-transformers.

Tripping Units

With the stationary contacts open so that the moving contact
cannot touch, set the moving contact spring adjuster so that
the contact floats freely in the gap. Make sure that there
is no friction which prevents free movement of the cylinder
and contact arm.

The upper pin bearing should be screwed down until there is
approximately .025 inch (one complete turn of the screw)
between it and the top of the shaft bearing. The upper pin
bearing should then be securely locked in position with the
lock nut. The lower bearing position is fixed and cannot be
adjusted.

Auto-Transformer Check

Auto-transformer may be checked for turns ratio and polarity
by using the No. 1 test connections of Fig. 17 and the
procedure outlined below.

Set S, Sp and S¢ on tap number 3. Set the "R" leads of

M, Mp and Mg all on 0.0 and disconnect all the "L'" leads.
Adjust the voltages V1F2F and V2F3F for 90 volts. Measure
the voltage from terminal 8 to the #1 tap of S and SA. It
should be 30 volts. From 8 to the #2 tap of S and Sp should
be 60 volts. The voltage should read 30 volts from 8 to SC
and 60 volts from 8 to Sg = 2.

1

Set S, SA, and S¢c on 1 and adjust Viporp for 100 volts. Measure

the voltage drop from terminal 8 to each of the M and the Ma
taps. This voltage should be equal to 100 (1 + the sum of
values between R and the tap being measured).

Example: 100 (1 + .03 + .06) = 109 volts.

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

Then apply 100 volts a-c to terminal 7 and 8 and measure
voltage from terminal 8 to terminal 6, and from terminal 7
to terminal 6. Both voltages should measure 50 volts within
1 volt.

Distance Unit Calibration

Check to see that the taps on front of the tap block are set
as follows:

T, TA, TB, and T¢ set on 1.23 (Tap TR is set twice).
S, SA, and Sc set on 1

"L'" for M, Ma, and Mc set on 0.0

"R" for M, MpA and Mc set on 0.0

1. Three-phase Unit (Lower Unit)

Core and R3p Resistor Adjustments

Set R3 resistor for 145 ohms. Adjustable part of R3p should
be connected for full resistance.

Preheat relay for at least one hour by energizing it with rated
voltage, then proceed as follows:

1. Connect terminals 7-8 together, apply rated voltage between
terminals 9 and 6 and adjust core by turning it slightly
with a screwdriver until the contact arm restrains very
slightly.

2. Connect relay for Test #6. Set Vipap = 2 volts. Set
phase shifter so that voltage leads current by the angle
(30° + 8), where 6° is the maximum torque angle of the
3¢ unit (35° for standard unit). Make sure that applied
voltage is of correct phase sequence. Adjust resistor
R3p so that 3-f unit trips at 2.25-2.35 ampere.

3. Connect relay for Test #5 except connect current leads 23
to 17 and 22 to 13. Otherwise similar voltage and phase
condition, as above, check pickup. It should be between
1.2 - 1.6 amperes. If not, repeat parts 1 and 2 above.
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4. Connect relay for Test 34. Ctherwise same voltage and
phase conditions as above. Check pickup - it should be
between 1.1 - 1.5 amperes.

Maximum Torque Angle Adjustment

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

2. Adjust the voltages Vip2r and V2p3r for 20 volts with
Brush No. 1 and Brush No. 2 respectively.

3. Adjust current for 15 amperes and rotate phase shifter
to find the two angles, 8 and 987, at which the bottom
unit contacts just close.

8 + 02

2
This angle should be between 33° and 37°.

The maximum torque angle should be(-— - 30)degrees.

If necessary, readjust Rg resistor for correct angle.
If Ry adjustment is changed from its original setting,
repeat core and Rj3p resistor adjustment.

4. A smaller angle 6 may be obtained by reducing R3, in this
case the test current should be equal to 15 sin (35° + 30°)
sin (6 + 30)
amperes. The angle may be increased by increasing R3. If
0 of 60° is desired, open circuit R3 resistor.

Contact Adjustment

With moving contact arm against right hand backstop, screw the
stationary contact in until it just touches the moving contact.
(Check for contact by using an indicator lamp). Then back the
left contact out two-thirds (2/3) of one turn to give 0.020
inch gap between contacts.

Spring Restraint: Reconnect for a three-phase fault, Test No. 1,
and set the phase shifter so that the current lags voltage by
the maximum - torque angle, (65° in Fig. 17). Adjust the

spring so that the current required to close the left hand
contact is as follows:

2.5 volts

il

Voltages Vip2fF and V2g3F

il

Current to trip KD-5 1.46 amps.
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I1. Phase-to-Phase Unit:

Core and Rac - Adjustment

A) Set Rpc - resistor so that the adjustable band is in the
center of the resistor.

B) Connect terminals 7 & 8 together and apply rated a-c voltage
between terminals 89. Adjust core until contact arm floats
in the middle of the gap. Use a screwdriver with insulated
blade to avoid accidental contact with tap plate inserts.

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

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

Maximum Torque Angle Adjustment (Fig. 17)

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

2. Adjust the voltage Vip3r and Vopsp for 10 volts with
Brush No. 1 and Brush No. 2 respectively.

3. Adjust the current to 15 amperes and rotate the phase shifter
to find two angles 81 and 082, at which the top unit contacts
just close. The maximum torque angle O for the phase-to-
phase unit then is 01 + 92

(—=—=) = 30°

This angle should be 43° - 47°. This angle © can be
changed by adjusting R2A-

15 sin 45°

In this case, the test current should be equal to o
sin

amperes.
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A lower value of resistance gives a smaller angle and a
higher resistance value gives agreater angle.

5. Use the No. 3 test connections and repeat the above procedure
to check and adjust the angle of the Tpg compensator. This
adjustment is made with Rpc.

Spring Restraint

1. TUse test No. 1 connections except reverse the voltage phase
sequence by interchanging the brush connections so that
Brush 1 is connected to 3F and Brush No. 2 is connected to
1F.

(]
.

Adjust the voltages Vip2r and Vop3p 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.

Contact Adjustment

The procedure for contact adjustment for the phase-to-phase unit
is identical to that described for three-phase unit.

The phase-to-phace unit is now calibrated and should be accurate
to within 1 2% of the corrected tap value setting over the range
of fault voltages from 2.5 VL-L to 120 VL-L. The corrected tap
value is actual relay reach at a given maximum torque angle 6
and is equal to TS sin © The relay is now

T (LT (sin 45°)

29

calibrated and ready for service.

III. Compensator Check

Accuracy of the mutual impedance Z¢ of the compensators is set
within very close tolerances at the factory and should not
change under normal conditions. The mutual impedance of the
compensators can be checked with accurate instruments by the
procedure below.
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E.

Set T, Tj, TB, and T¢c on the 1.23 tap.

Disconnect the "L" leads of sections M, Mp, and M and
the brush leads of R3, R2A, and R2¢ without disturbing
the brush setting. (With resistor loading removed

0 = 90°).

Connect terminals 12 to 14, 15 to 17, 16 to 18 and pass
20 amperes a-c current in terminal 19 and out of terminal
13.

Measure the compensator voltage Vg with a high resistance
voltmeter 5,000 ohm/volt as tabulategd below. Refer to
Fig. 1. for the location of R3, R2p, and R2C.

Measure Vg
Tegéggal Engg%ed Voltmeter Reading
"L'" of M R3 Ve = 46.8 volts =
1.73 IT (0 = 60°)
"L'" of M R ve = 217(—2in 8
A 24 c ( sin 45°)
"L" of Mg Roc = 69.5 volts (8 = 90°)

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

IV. Overall Check

After the calibration procedure has been completed, perform the
following check:

A.

Three-Phase Unit

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

VL,-
iR = L-L where V; _; is phase-to-phase fault voltage and

314,

1y, is phase current.

Volts Amperes (8 = 35°)
V1F2F
Inmin Inax
V2F3F
2.5 1.46
10 4.6 4.8
30 13.6 14.4

to determine the limits of current when 8 is not equal to 35°
multiply the nominal values tabulated above by the ratio

sin (35 -4 30°%)
sin ( 9 + 30%

phase angle meter set for 8 + 30°.

B. Phase-~-to-Phase Unit

Using the connections for Tests Nos. 4, 5 and & set the phase
shifter so that the current lags voltage by 9/ The current
required to trip the phase-to-phase unit should be within

the limits specified for each of the voltages. Note that

for the phace-to-phase unit the impedance measured by the
relay is _ Vi1,

2 1y,

Zr
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where Vy,-7, is phase-to-phase fault voltage and 1lj, is phace

current.
. YOLTS AMPERES (0 = 45°)
rest =
No V1F2r Inin Inax
2.5 .98 1.08
L 5. & 6 5.0 i 1.99 2.10
tr O 30.0 11.9 | 12.5
70.0 28.0 L 29, |

To determine the limits of current when 8 is not equal to 45,
rultiply the nominal values tabulated above by the ratio
sin 45°

sin 9

* If test 4 and 5 produce different results, rotate core about
-2 degrees until tests 4 and 5 are within limits above. For
s

1
best results trip current for parts 4 and 5 should be within 2%.

If test #6 is out of limits readjust Rpg resistor until current
limits are met.

If substantial core or resistor changes are made, recheck parts
A, B, C, D of core and Rpc adjustment.

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient d-c current
through the trip circuit to close the contacts of the ICS. This
value of current should be not less than 1.0 ampere nor greater
than 1.2 amperes for the 1 ampere ICS. The current should not
be greater than the particular ICS tap setting being used for
the 0.2-2.0 amperes ICS. The operation indicator target should
drop freely.

The contact gap should be approximately 0.047" for the 0.2/2.0
ampere unit and 0.070" for the 1 ampere unit, between the
bridging moving contact and the adjustable stationary contacts.
The bridging moving contact should touch both stationary contacts
simultaneously.
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RENEWAL PARTS

Repair work can be done most satisfactorily at the factory.
However, interchangeable parts can be furnished to the customers
who are equipped for doing repair work. When ordering parts,
always give the complete nameplate data.
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TABLE 1II

NOMENCLATURE FOR RELAY TYPE KD-5

UNIT ITEM DESCRIPTION
Z (3¢) Two Element-Coils; Total d-c Resistance =
125 to 155 ohms
Z (3¢) Two Element-Coils; Total d-c Resistance =
& 360 to 440 ohms
% *R3A> R3F 2 of 3-1/2 inch Resistors, Total Resistance
o 2250 ohms (one resistor is fixed, one
Q adjustable)
21 R3 2 inch Resistor 300 ohms adjustable
£ C3A 2.0 MFD Capacitor
% *C3q 0.50 MFD Capacitor
ST Compensator (Primary Taps - .23; .307;
: .383; .537; .690; .920; 1.23)
.S Auto-Transformer Primary (Taps - 1; 2; 3)
| M Auto-Transformer Secondary (Between Taps -
§ 0.0; .03; .06; .06)
% XI1,Xs Reactors
VA Two Element-Coils; Total d-c Resistance =
B 180 to 220 ohms
= *RAC 3-1/2 inch Resistor 750 ohms Adjustable
P+ R2A 2 inch Resistor 100 ohms Adjustable
©  *Coa C2¢ 1.35 MFD Capacitor
=
L TAB Tnc Compensator Same as T
wi SA SC Same as S
é% Ma Mc Same as M
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torque angle adjustment which

is 359 for three

phase unit and 459 for the phase-to-phase unit.

32

TABLE |
RELAY SETTINGS FOR KD-5 RELAY (.2 - 4.35 OHMS)

S=1 S=2 S=3 LEAD CONNECTION
+230 1.307).383|.537 |.690 | .920 | 1.23 | .690| .920| 1.23{.920|1.23 [+M | -M | “‘L’-Lead |“‘R’’ Lead
.200 |.267|.333 |.466 |.600|.800 [1.070 | — [1.60 | 2.14| — |3.21[+.15 Upper .06 0
.205 1.2741.341(.479 |.615{.822 |1.100 || — [1.64 | 2.20{ — |[3.29 |+.12 Upper .06 .03
.211/.282/.350 |.493 |.632|.843 [1.128 | — [1.69 |2.26] — |3.38 [+.09 Lower .06 0
.217 1.290 | .361 |.506 |.650 | .869 [1.160 || — |1.74 {2.32| — |3.48 |+.06 Upper .06 |Lower.06
.224|.298.371/.521 (.670|.892 [1.191 || — [1.78 [ 2.38] — |3.58 |+.03 .03 0
.230 |.307|.383|.537 [.690|.920 [1.230 || — [1.84 [2.46[ — [3.69| 0 |- 0 0 0
.237 |.317.395 |.552 |.713|.948 [1.270 || — |1.90 |2.54 — [3.80 -.03 0 .03
.245 |.327/.407 |.571|.735|.980 |1.310 ||1.47 | 1.96 | 2.62] — |[3.93 -.06| Lower.06 |Upper .06
.253 | — |.421{.590 |.760]1.01 |1.352(1.52]2.02 | 2.70 |3.03 | 4.06 -.09 0 [Lower.06
.261| — |.435| - |.785(1.04 |1.398({1.57|2.09 |2.80 3.14|4.19 -.12 .03 [Upper .06
271 — 450 — | — | = 145 || — | — (290 — |4.35 -.15 0 |Upper .06

*"T" tap plate value refers to standard maximum

HLH over UR!’

(lR,! over l‘L”
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Tas

Sc ICS
Mc
SA.
MA.
(Rear View) (Front View)

Fig. 1 Type KD-5 Relay Without case
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;) . -/ Gz sy COKPENSATORS
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— UNIT
SETTINGS
~ T~ CONNECTOR SCREW 5 4 /‘
// ~, LEAD L M LEAD R
ADJUSTABLE
ANGLE l’
\
\\ .
~ Fig. 3 Tap Plate
Fig. 2 Compensator Construction
BUS ZONE | RELAY BuUS
[ SET 90% OF |
b i R LINE SEGTION s A
[ L v [
A 1 A T LT 7N
! KD-5 RELAY | ! !
| LOCATION BEING | | !
| CONSIDERED | BALANGE POINT | |
| | | |
| | | \
| | I |
FAULT BEHIND RELAY FAULT WITHIN BALANCE POINT FAULT AT BALANGE POINT FAULT BEYOND BALANCE POINT
S173TZ¢ SL73L,Z¢ v, //‘\\// Z17312¢
/ /
L/ x
z
o
Yz Yy
(D) (c) (8) (A)
NOTE. THE VOLTAGE TRIANGLES AT EACH FAULT LOCATION (A,B,C 8D) REPRESENT THE VOLTAGES SEEN BY
THE KD-5 RELAY TERMINAL LOCATED AT THE SHADED BREAKER FOR 3 PHASE FAULTS OCCURING AT
EACH LOCATION (A,B,C 8D ).
Lo8c502

Fig. 5 Voltage and Current Conditions for the Three-Phase Unit at the Shaded Breaker for Three-Phase Faults at Various
Locations.
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CHASSIS OPERATED
——— SHORTING SWITCH

.
re
1 CURRENT TEST JACK
L Q
$9 DISTANCE UNIT .02 MFD
(UPPER UNIT)
~—] 1500
1—
(39)$
30 OISTANCE UNIT
- {NDICATING
CONTACTOR
SWITCH
3k
REACTOR AIRGAP
TRANSFORNERS
168 =
AUTO
TRANSFORMERS
REACTOR | B
| = | ] _]__
T R™ "
| ¢ Qe [TT———RED WANBLE
Lo 0 0 6 0 0 T———TEST SWITCH

—————TERRIRAL

188ak21

Fig. 4 Internal Schematic of Type KD-5 Relay with 1.0 ampere I.C.S. in the type FT42 case. (Relay with 0.2/2.0 ampere
1.C.S. unit has identical wiring except that the I.C.S. coil is tapped on terminal 10 (188A426).

35




' CONSIDERED

aus ZONE | RELAY ) BUS
| SET 90% OF ‘
b | | LINE SECTION
"“ LT @ J—
RELAY
‘ LOCATION BEING BALANCE POINT

$(2-3)FAULT BEHIND RELAY

—— — —xo

$(2-3)FAULT WITHIN BALANCE POINT

— A
| S
|

|

|

x IaZc

|
(TIp-T3) Z¢

(D)

NOTE:

¢(2-3)FAULT AT BALANCE POINT  ((2~3)FAULT BEYOND BALANCE POINT

| prdo i
I \
A3 XY I
/
/ AN
/ \
L Z
Iz
v
(Ip-T3) Z¢ Yz
2

(C)

(IpIa)Z¢

(B)

IpZc X
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\
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TpZc X

( 12—13) Zc
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THE VOLTAGE TRIANGLES AT EACH FAULT LOCATION (A,B,C8D) REPRESENT THE VOLTAGES SEEN BY THE

RELAY TERMINAL LOCATED AT THE SHADED BREAKER FOR ¢ TO & FAULTS AT EACH LOCATION

(A,B,C&D)

Fig. 6 Voltage and Current Conditions for the Phase-to-Phase Unit at the Shaded Breaker for ¢ (2-3) Faults at various

Locations.

z raows+3[zg+ 2¢] |0
X

z OFFSET: 3 [-Zg+2¢]
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32
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a. 25<<Zc

IMPEDANCE IN PERCENT OF RELAY SETTINGS

100

/-PHASC TO PHASE UNIT STATIC AND DYNAMIC CHARACTERISTIC

304

804

70

604

504

40+

301

204

3 PHASE UNIT
-

STATIC AND OYNAMIC CHARACTERISTICS

S 10

30 40 50 60
RELAY TERMINAL VOLTAGE

70 g0 90 10 10 120

1884295

Fig. 7 Impedance Circles for Phase-to-Phase Unit in the

Type KD-5 Relay.
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Fig. 8 Impedance Curves for Type KD-5 Relay.
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RADIUS=§ Z &

OFFSET=4Z, &

R*X CHARACTERISTIC

Fig. 9 Impedance Circle for Three-Phase Unit in Type
KD-5 Relay.

IYPICAL OPERATING TIME CURVES
S=1, M=0 MAX TORQUE ANGLE
75° FOR PHASE TO PHASE UNIT,
60° FOR THREE PHASE UNIT. LINE ANGLE OF 75°

. TS SIN @
Zo(7Emy X ( SIN 75%0n o)

T TITTTITTT1] FTT T T T
OPERATING TIME IN CYCLES [ T I T ] [OPERATING TIMEIN CYCLES
OPERATING TIME iN MILLISECONDS
(723
a
Z PHASE TO PHASE UNIT PHASE UNIT
[ ] 94
$140 140
3 81 8-
20004 LOCATION OF FAULT IN 120 LOCATION OF FAULT !N
z % OF RELAY SETTINGS & O o T N
¥ 100+ 3(5)f 64100 75% 6
; ,soo/c /‘500/9
0% 51 / 0% 54
© 80 e 80
z VA
= 44 44
& 601 l 60 7
\C-:.J \ \ l 31 // 34
© 40 ~ 40 #
\\ W Nl 24 \\\ 2
4 [—
z0 I~ = | 20 \\ = .
S 1 : O e
0

t t t 1 +
I0 20 30 40 50 ©0 70 &U 30 O 10 20 30 40 50 60 TO 80 90

IZ'O (CURRENT TIME IMPEDANCE SETTING)

Fig. 10 Typical Operating Time curves of Type KD-5 Relay. Normal voltage before the faults is 120 volts.
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~ s ~ /
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6 SETTING ,
JN I e | [
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s 307 L25 |605|1.09 | 700]|.2401.6601.350 126 |327
[}
w
g, .383 1.45 |.852|1.17 | 802[.354|722|.600|.262| .54
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bt 537 165 |il6 (.16 [LO00[.615 |788|850|.488.696
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>
3 690 1.85 141 (119 h.400{1.00(9801950 |.600|.74
920 225192 (119 |2100[1.74 (.18 }i.35 | .94 |.97
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. PHIE29)
| T
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T T T T
=16 -09 -03 0 +03 +09 +15
M SETTING

Fig. 11 Type KD-5 Relay Burden Data
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Fig. 12 External Schematic of Type KD-5, KD and KD-1 Relays with Type TD-2 Timing Relay.
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Fig. 13 External Schematic of Type KD-5, KD and KD-1 Relays with Type TD-4 Timing Relay.
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Fig. 14 A.C. External Schematic of Type KD-5 KD and KD-1 Relays with Type TD-2 Timing Relay-Auto-transformer
Termination.
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Fig. 15 A.C. External Schematic of Type KD-5 KD and KD-1 Relays with Type TD-2 Relay-Wye Delta Bank
Termination with Grounded Wye on Relay Side.
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Fig. 16 A.C. External Schematic of Type KD-5 KD and KD-1 Relays with Type TD-2 Timing Relay-Wye-Delta Bank
Termination with Delta on Relay Side.
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Fig. 17 Test Connections for Type KD-5 Relay.
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Fig. 18 Outline and Drilling Plan for Type KD-5 Relay in the Type FT42 case.
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