Westinghouse 1.L. 41 498.12
INSTALLATION e OPERATION ¢ MAINTENANCE

INSTRUCTION-S

TYPE KD-5 COMPENSATOR DISTANCE RELAY

Caution: Before putting protective relays into sepvice make
sure that all moving parts operate freely,/ inspect
the contacts to see that they are cleanWYand 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 instantameows tripping for all
combinations of phase-to-phase, two phase-to-ground faults, and
three-phase faults.

The type KD-5 relay is availableiwwith indicating contactor
switches with either a 1 dmpere or a 0.2/2.0 ampere rating. The
1 ampere rating is recommended for all directional comparison
applications and for mosg,d¥stance relaying applications. The
0.2/2.0 ampere rating i§ reeommended for distance relaying where
a lockout relay is energized or where a high impedance auxiliary
tripping relay is atilized.

Refer to I.L. 41-2Ll for a description of how KD-5 relays are
used in directional ‘eomparison 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 tgangistorized 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
Connectiong."

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 FT1ll case is recommended.
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CONSTRUCTION
The type KD-5 relay consists of three single air gap transformérs
(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. Curreat/flowing
through the primary coil provides an MMF which{preduces magnetic
lines of flux in the core. Compensator designated T, has only
one primary winding.

A voltage is induced in the secondary whieh%is proportional to
the primary tap and current magnitude{ [“Fhils proportionality is
established by the cross sectional akea ©f the laminated steel
core, the length of an air gap whichffishlkocated in the center

of the coil, and the tightness of theylaminations. All of these
factors which influence the secondary, voltage proportionality
have been precisely set at theffactory. The clamps which hold
the laminations should not bg dilsturbed by either tightening

or loosening the clamp screws.

The secondary winding has @ Single tap which divides the winding
into two sections. One section is connected subtractively in
series with the relay térmital voltage. Thus a voltage which is
proportional to the phasegeurrent is subtracted vectorially

from the relay termipal woltage. The second section is connected
to an adjustable lo&ding resistor and provides a means of
adjusting the phase amgle relation between primary current and
the induced secondary voltage. The factory setting is for a
maximum torque gangle” of 45° current lagging voltage for phase-
to-phase unit @anmd |85° for three phase unit.

Auto-tran’s former

The auto-tramsformer has three taps on its main winding, S,
which are numbered 1, 2, and 3 on the tap block. A tertiary
winding Méhas 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.
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The sign of 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 sun of per unit valu :.s between the R and"k
lead. The actual per unit values wlich appear on the tap plate

N

between taps are 7, .03, .05, and .06.

The auto-transformer makes it possible to expandgthesbasic range

(T = .22 to 1.23 ohms} by a multiplier of S . Ther€fore, any
1 &M

relay ohm setting can be made within = 1.5 per”¢ent from 0.2

ohms £6 %4.35 olms by combining the compensator ®aps T, TAB,

and Tgc with the auto-transformer taps S and M,45p and M, and

S¢c and Mg.

Tripping Unit

The device which acts to initiate tripphng is a four-pole
cylinder unit which is connected ‘opéng,flelta and operates as a
thiree-phase induction motor. Centact-closing torque is produced
by the unit when th«: voltage applidgsto its terminals has a
negative-phase sequence. Closging,torque for the relay forces the
moving contact to the left handWside as viewed from tie front of
the relay. Contact-openiggytoxrque is produced wien positive-
phase sequence voltages &refappiied. 1Ilence, the cylinder unit
has restraint or operatingitorque as determined by the phase
sequence of the voltages ‘appli=d to its terminals.

Mechanically, the cylinder unit is composed of three basic
components: a diedcas® aluminum frame and electromagnet, a
moving element as$embd®, and a molded bridge.

The frame serv@s as the rounting structure for the magnetic core.
The magnetic georéwwi ich houses the lower pin bearing is secured
to the framelby Ja spring and snap ring. This is an adjustable
core whichyfas™a .0220 inch flat on one side and is held in its
adjucted poSition by the clamping action of two compressed
springs. BIE bearing can be replaced, if necessary, without
having 40 remove tlie magnetic core from the frame.

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

The moving element assembly consists of a spiral spring, contacf
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-com 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. Uoweyend
tliis adjustment is accurately made at the factory andfis Tocked
in place with a lock nut and should not be changed.

Optimum contact action is obtained when a force off/ to ¢ grams
pressure applied to the face of the moving contdct,will make the
arm slip one-fourth of its total free travel. "Hree travel is
tlhe angle through which the hub will slip frgmatheé condition of
reset to the point where the clanp projecéionbegins to ride up
on the wedge. The free travel can vary between 15° to 20°.

The shaft has removable top and bottomgjewel bearing. The shaft
rides between the bottom pin bearing andythe upper pin bearing
which is adjusted to .025 inch from the top of the shaft bearing.
The cylinder rotates in an air gapffowmed by the electromagnet
and the magnetic core.

The bridge is s=2cured to thegelectromagnet and the frame by two
mounting screws. In addition "o holding the upper pin bearing,
the bridge is used for moungfing the adjustable stationary
contact housing. This statignary contact has .092 to .006 inch
follow which is set at tle fiactory by means of the adjusting
screw. After the adjustment’ is made the screw is sealed in
position with a materi@l™wliich 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 asm by a spiral spring. The spring adjuster is
also held in,place by a spring type clamp.

When the gontact® close, the electrical connection is made
through thedstationary contact housing clamp, to the moving
contact, thredgh the spiral spring and out to the spring
adjuster clamp.
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Indicating Contactor Switch Unit (ICS)

The indicating contactor switch is a small d-c operated glapper
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 fingexs onfthe armature
deflect a spring located on the front of the switehgy*which allows
the operation indicator target to drop. The t@rget’ is reset

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

The front spring, in addition to holdingf{the target, provides
restraint for the armature and thus cont¥rels the pickup value
of the switch.

OPERATION

The KD-5 relay has two major cempoments-compensators and tripping
units. 1In the internal schemagichnof Fig. 4 the compensators are
designated T, TAB, and Tpg, theytripping units, Z (30) & Z (¢9).
The phase-to-phase unit Z (@@)Noperates for all combinations of
phase-to-phase faults (phase(l-2, 2-3, & 3-1). The 3-phase

unit Z (3¢) operates fdr 3-phase faults and for close-in-two-
phase-to-ground faults, “@lthough most two-phase-to-ground faults
are cleared by operation, of the phase-to-phase unit. Each of

the tripping units afidvits associated compensator circuit are
electrically separatesy and will now be considered successively.

Three-Phase Unit

A single compénsator T has its primary energized with (I - 3IQ)
current in EigN22. The current I] is the phase current; 3Ig is
the residual current. There are three compensators shown--one
for each _of “the three zones, one connection uses an auxiliary
current transformer to insert the 3Ip component. The alternate
connection=Supplies the compensator primaries with -(I, 4 I3).
Sipce 1 % I2 + I3 = 3Ip, (I1 - 3Ip = (I2 + I3). Currents, I],
I2%and I3 are phase currents. Accordingly, the alternate
conneegfion 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 compensatormvoltage,
1.7311Z2¢, where Z¢ is the compensator mutual impedange.

The modified voltage triangle is designated by the X, W, "Z
lettering. The Vg, Vy, Vz voltages are applied tq 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:
Vx = V1 - 1.7311Z¢ and
Vy = V2
Vz = V3

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

For a fault at B, the current,1s larger than for a fault at A,

so that - 1.73I1Zc is larger., The point X is in line with

points Y and Z. No torgue4is produced since the X, Y, Z triangle
has a zero area.

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

For a faultg behind the relay at D, the fault is behind the relay,
the current 9s of reversed polarity and compensator voltage,
-1.7311Z¢ imcreases the area of the bus voltage triangle, 1-2-3.
ModifiedWwoltdge triangle has an X-Y-Z rotation which produces
restrainingWytorque.

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
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memory circuit in the KD-5 relay circuitry that consists of
inductance Xj, and capacitor C3c 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 leftghand coils
of Z(3¥) and the voltage across the right hand ,coils of Z(30)
in internal schematic Dwg. 188A421. This phase shift is produced
by capacitor C3¢. The R3p-C3A combination alsb jprovides control
of transients in the inductive coils of the cylinder unit.

Phase-to-Phase Unit

Compensator primaries of Tapp and Tpc are“energized by I1, I2,
and I3 as shown in Fig. 11. Compensatorysecondaries are
connected to modify their respectitte phase voltages (e.g.,

Tpg modifies V12). With a fault in\the trip direction, the
induced voltages in the compensatowx, Secondaries buck the phase-
phase voltages.

Vector diagrams in Fig. 6 illustrates the operation during
phase 2-3 faults at four log¢ations. The system impedances

and the compensator anglemaré assumed to be at 90° for
illustrative purposes.4 Ppyefault voltages are depicted by the
large triangles. Thegsmaller light triangle in each case is
the system voltages at ‘the%relay location during the fault.
This triangle is modifi#ed’by the compensator voltages (I1 - I2)
Zc and (I2 - I3) Zg where Zc is the compensator mutual impedance.
In this case I] =(0. ¢ The terminals of the tripping unit are
designated: X, & ‘and Z. Tripping unit voltages are for phase
2-3 fault:

Vey =12 - (I1 - 12) Z¢
Phase 2-3mtripPing unit voltage is:

Vigz = Va3 - (I2 - 13) Zg
Forya fafilt at A, in Fig. 6, beyond the relay operating zone,
the cempensator voltages change the 1-2-3 voltage sequence to
the identical X-Y-Z sequence. Voltages of this sequence applied

to eperating 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 ogperating
unit produce operating torque.

For a fault behind the relay at D, restraining tordugyis
produced. Since the fault is behind the relay, thefcurrent is
of reversed polarity and tripping unit voltage hashan X-Y-Z
rotation. This rotation produces restraining toxque.

Note that this unit does not require memory_aetion, since the
sound-phase voltage reacts with the compensater voltages to
produce a strong restraining or a strongy,opéerating torque,
depending upon the fault location. This\1s, true even for a
complete collapse of the faulted phdse€=to-phase voltage.

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

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

CHARACHRERTISTICS

Distance Characteristic + Phase-to-Phase Unit

This unit responds to @ll4¢phase-to-phase faults and most two
phase-to-ground faul#fs.%dt does not respond to load current,
synchronizing surges, Ox out-of-step conditions. While a
characteristic ci¥cleycan be plotted for this unit on the R-X
diagram as shownesinWgig. 7, such a characteristic circle has

no significanceflexcept in the first quadrant where resistance
and reactancepvgl@wés are positive. A small portion of the fourth
quadrant, gnvolving positive resistance values and negative
ractancegvalues’, could have some significance in the event that
the trafism@#ssion line includes a series capacitor. The portion
of the @ifrclé 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-pharce 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 phasgé-
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 charaeteristic
that for short lines, it makes a greater allowance for tesistance
in the fault. Stated another way, the characteristics#approach
that of a reactance relay more and more closely dshthe line

being protected becomes shorter and shorter with® fespect 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 éondition the fault current
must be not less than 0.030 relayp@amperes with an ohm setting
of 1.23 with rated voltage on the umnfaulted 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. QCOmpensators basically are insensitive
to d-c transients whichqatténd faults on high-angle systems.
The long time-constant of%a high-angle system provides a minimum
rate of change in flux#preducing 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 Woltage in the secondary, but for the first
half cycle, thegtransient derived voltage subtracts from the
steady-state valuey This transient decays so rapidly that it
is insignificant {during the second half cycle when it adds to
the steady-statefvalue.

Distanee “‘Ghardcteristic - 3 Phase Unit

The three-phase unit has a characteristic circle which passes
throughWthe 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 Vy51, = V3g - 1/2 (V19 + Vyg). This voltage isSncHOsen
for 3-@ unit polarization so that it provides a naturalne0®
maximum torque anlge characteristic, with the addition@al 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 resistan€ews) The factory
setting is 35° (45° for phase-to-phasefunit). 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 ftheYycorrect directional sense for

zero voltage three-phase fault$§ when normal voltage exists at

the relay terminals priof to)the fault. This operation occurs

due to memory action as%deseribed above. The unit will have

zero torque or perhaps a slight opening torque if there is zero
voltage at the relayiprider 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 voltg™kine 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:

/
1l = 3%* amperes

where, T = Compensator Tap Value

The KD=5 relay may be set without regard to possible overreach
dve to d-c transients.
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General Characteristics

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

.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 602 for

3-phase unit. A change in maximum torque angle will p¥eéduce

a slight change in re=ach for any given setting of the arelay.
Referring to Fig. 2 note that the compensator segondary voltage
output V, is largest when V leads the primary curyent, I, by

90°. This 90° relationship is approached, if the “€ompensator
loading resistor (P3, R2a or Rpc) is open-cireuiteéd. The effect
of the loading resistor, when connected, isft@ produce an internal
drop in the compensator, which is out-of-phase with the induced
voltage, IT, ITpp or ITgc. Thus the netfveltage, V, is phase-
shifted to clhange 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 @¥g. 8 are based on 45° for phase-
to-phase unit and on a 35° compengater angle setting for three
phase unit. If the resistors R3g@nd Ryc, A are adjusted for

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

TSfsin O
(™M) sin 45°

TS sin (8 + 30°)
(T M) sin 65°

For (¢-@ unit zg =

For 30 unit Zg =

Tap Plate Marking$§

(Ty, A, TR, and TC)
.23, .30%, .383, .537, .690, .920, 1.23

(S’ SA’ SC)
1 2 3

Q/I: Ma, Mf‘)
.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 ghe relay
to close its contacts for tripping after the inception of)a
fault at any point on a line within the relay settings

Current Circuit Rating in Amperes

TAP SETTING CONTINUOUS INSECOND
S=1 §s=2 S =3
1.23 10.0 10.0 1040 240
.920 10.0 15. LS5« 240
.690 10.0 15. 1S, 240
.537 15. 15. I5. 240
.383 15. 15, 15. 240
.307 15. 157 15. 240
.230 15. 15. 15. 240

Burden

The burden whichftheyrelays impose upon potential and current
transformers in_eachyphase is shown by Fig. 11 for the KD-5
relay. The potential burden and burden phase angle are based
on 69 volts lime=tO-neutral applied to the relay terminals.

Trip Cireult, Constants

1 “amlperé 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, Tp and T¢
.23-.307-.383-.537-.690-.920-1.23

S, Sa, and S¢
1 2 3

M, Mp, Mg
.03 .06 .06

(+ values between taps)

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

line angle by adjusting R2A and R9Cc™without changing the 3-phase
unit adjustment. Set zone 1 reach, to be 907% of the line (85%

for line angles of less than 309

Calculations for setting g£he/KD-5 relays are straightforward and
apply familiar principles.®Assume a desired balance point which
is 90% of the total lengthhof*line. The general formula for
setting the ohms reachofiznthe relays is:

For phase-to-phase unit

- 0.
Zg = Zpri ___%gﬂﬂ__

For three phase,unit

0.9 RC

29 = Zpri
) pri Ry

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

ohms.
TS _ .

Z = ——— = 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 determimed by the
sum of the values between the "L'" and fhe 'R" leads.
The sign is positive when '"L" is @bové 'R" and acts
to lower the Z setting. The sign isWnegative when
"R" is above 'L" and acts to railse,the Z setting).

Zpri = ohms per phase of the g¢otal line section

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

Re = current transformer ratio

Ry = potential tranSfexmer ratio
The following procedure§ should be followed in order to obtain
an optimum tap plate settimg of the relay, Z.

la EstablishtZg

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

desiredmaximum torque angle is different from the

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

fagtor 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% og
less off the desired value.)

b) Read off the table "S, T," and 'M" settingsa ''M'"-
column includes additional informationgfer #'L'" and 'R"
leads setting for the specified '"M'" valge.

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

equation.
7 = ST
1T M

For example, assume the desired {feach ZG’ is 1.71 ohms at
40°. Making correction for maximum, torque angle of the line
(40°) that is different from factery setting of 45° the relay
setting, Z should be Z = 1.71 ¥, 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

21.90 x 100 =#200%5% of the desired reach.

1.89
b) From the Table™l read off S = 2
T = .920
M= .03
and “R'"“Lkead should be connected over "L'" - lead with

"L" conmected to "O" tap and "R" - lead to '".03" tap.

c) Reecheek settings

Mst | 2x.920 _ o0
1t uM 1 - .03
ocfZg = Z40° = 2 —2220° _ 1 895 x .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
""" lead should be over '"R" with "L" - “ead; connected

to lower .06 -tap and
"R" lead connected to '"0'"-tap.

c) Recheck settings

;- _SM ___ .2 x .920

= =k 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 TB@) , %each of the auto-transformers,
primaries (S, Sp, and Scg)"amd%secondaries (M, Mp» and Mg), All
of these settings are made with taps on the tap plate which is
located between the opérating units. Fig. 3 shows the tap plate.

Compensator (T, Tapfand Tpc)

Each set of compensapor taps terminate in inserts which are
grouped on a sogket) and form approximately three quarters of a
circle aroundsa, center insert which is the common connection for
all of the tap§.) Electrical connections between common insert
and tap @Ansext$”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 threugh 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 unptil it is in position over the insert for the desired
tapwsetting, 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, Sp, and Sg)

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

An "S" setting is made by removing the connectornscrew, place

the connector in position over the insert of thé desired setting,
replacing and tightening t'e connector sctew.®% The connector
should never make electrical contact wigh, more than one tap

at a time.

Auto-Transformer Secondary (M, MAg,. and Mg)

Secondary tap connections are made, through two leads identified
as L and R for each transformery, These leads come out of the
tap plate each through a small®hole, one on each side of the
vertical row of '""M" tap insert$.)” The lead connectors are held
in place on the proper tdp be e@6nnector screws.

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

to the L lead positi@®n,w' The sign of the 'M" value is determined
by wrich lead is¢ingthe higher position on the tap plate. The
sign is positiveg(®) 1f the L lead is higher and negative (-)

if the R leadpyis“higher.

An '"M" settifig may be made in the following manner. Remove

the connectoryserews so that the L and R leads are free.
Determine ffrom the following table the desired 'M" value.
Neitherhlead sconnector 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 dixt, moisture, excessive
vibration and heat. Mount thes¥elay 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. TheNelectrical connections may be

made directly to the termindls by means of screws for steel
panel mounting; or to, the términal stud furnished with the relay
for thick panel mounting.%wwsThe terminal stud may be easily
removed or inserted by loeking two nuts on the stud and then
turning the proper mut®with a wrench.

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

EXTERNAL CONNECTIONS

Fig. 12 show$s the connections for 3 zone protection utilizing
the TD-2 timept. Fig. 13 is similar to Fig. 12 except that the
TD-4 timer 1% 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 transmissien
line is terminated in a power transformer, and when low silde
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) thie 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; howewer, 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 TESTANG WITH
KD-5 RELAY

Immediately prior to placing thel relays in service, the external

wiring can be checked my manipulating the current and voltage
applied to the relay.

RECEKVING 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 inspeetioen to make sure there are no loose
connections,qbroken resistors, or broken resistor wires.

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

Distance Undits

Check the electrical response of the relay by using the test
conneetions in Figure 17. Set T, TA, both T & T¢c for 1.23;
S, Sao, &Sc for 1; M, MA & M¢ 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.l1l 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®%l1l.9 and
12.5 amperes at an angle of 45° current lagy

F. Repeat E while using connections for Test, No. 5 and Test
No. 6. The difference in values ofycurrent that make
the contacts close for each of the thkree test connections
should not be greater than 37 of, thejsmallest value.

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

Indicating Contact Switchy (TCS)

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

This value of current( shoduld be not less. than 1.0 ampere not
greater than 1.2 amperessfor the 1 ampere ICS. The current
should not be greater than the particular ICS tap setting being
used for the 0.2%2.0nampere ICS. The operation indicator
target should drep “freely.

The contact gap SHould be approximately 0.047" for the 0.2/2.0
ampere undt {@andj0.070" for the 1.0 ampere unit between the
bridging mowing contact and the adjustable stationary contacts.
The bridging moving contact should touch both stationary
contactsl simul taneously.

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 smald» particles
in the face of the soft silver and thus impairing th€e contact.

Distance Units

CAUTION: Before making "hi-pot'" tests, jumperWall contacts
together to avoid destroying arc-suppressor eapacitors.

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

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

purpose. When using test 1 of Fig.(\L7 the phase angle meter

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

that the impedance measured by the™8sphase unit in test 1 is Zr =
VL-L where Vi _1, is the phasg~tosphase voltage and 1, is the

3 1,

phase current; similarlyg™in tests 4, 5, and 6 of Fig. 17 the
phase-to-phase unit meaSures Zg = VL-L

21y,

Indicating Contactor Switch (ICS)

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

greater than W.2"amperes for the 1 ampere ICS. The current
should not bewgreater than the particular ICS tap setting

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

REPAIR CALIBRATION

Usethe following procedure for calibrating the relay if the
relay ‘h@s 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™eontact
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 mntil there is
approximately .025 inch (one complete tdxn “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 positiomp 1§, fixed and cannot be
adjusted.

Auto-Transformer Check

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

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

M, Mp and Mc all on 0.0f and "disconnect all the '"L'" leads.
Adjust the voltages Vir2g.and V2F3F for 90 volts. Measure
the voltage from terfiinal 8 to the #1 tap of S and SA. It
should be 30 voltswy “EBrom 8 to the #2 tap of S and Sp should
be 60 volts. Thegvoltage should read 30 volts from 8 to Sc
and 60 volts from 84to Sc = 2.

1

Set S, SaA,.and Scfon 1 and adjust Vip2r for 100 volts. Measure

the wvoltage “dropFfrom terminal 8 to each of the M and the MA
taps. Thisgpvoltage should be equal to 100 (1 + the sum of
values betweed’ R and the tap being measured).

Example: 100 (1 4 .03 + .06) = 109 volts.

Check the taps of Mg in the same manner. Transformers that
havesan 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 “Z
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 tapblock are set
as follows:

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

"L" for M, Mp, and Mg set on 0.0

"R" for M, Mp and MC set on 0.0

1. Three-phase Unit (LowergUnit)

Core and R3p Resistor Adjusgfments

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

Preheat relay for atf Least one hour by energizing it with rated

voltage, then proceedf 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 setewdriver until the contact arm restrains very
slightlys

2. Connget re€lay for Test #6. Set Vipor = 2 volts. Set
phasegshifter so that voltage leads current by the angle
(302 "+8) , where 0° 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
R3A so that 3-@ unit trips at 2.25-2.35 ampere.

3. 4Connect 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 V2p3fr 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 082, at whichfthe bottom
unit contacts just close.

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

This angle should be between 33° and 37%.

If necessary, readjust R3 resister for correct angle.
If R3 adjustment is changed fromyIts, original setting,
repeat core and R3p resistor adjustment.

4. A smaller angle O may be @btained by reducing R3, in this
case the test current sh©uld be equal to 15 sin (35° + 30°)
sin (0 + 30)
amperes. The angle may be, Increased by increasing R3. If
8 of 60° is desired, gpemycircuit R3 resistor.

Contact Adjustment

With moving contact ArmYagainst right hand backstop, screw the
stationary contactydin®wuntil it just touches the moving contact.
(Check for contactwbymusing an indicator lamp). Then back the
left contact out(two~thirds (2/3) of one turn to give 0.020
inch gap betweemycontacts.

Spring Regtraint® Reconnect for a three-phase fault, Test No. 1,
and set g£hegphase 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 V2p3fF = 2.5 volts

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

Core and Rpc - 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 coataet arm floats
in the middle of the gap. Use a screwdrivex 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 contactWharm should float.
If not, readjust core. Only slightireadjustment should be
required to do that. 1If this isfnoet possible, rotate core
180° and adjust. Then recheck, part/B and see if contact is
floating.

D) Connect terminals 7 & 9 tlegether. Apply rated a-c voltage
to terminals 7 & 8. AdjustWresistor Rpc until contact arm
floats.

Maximum Torque Angle Adjustment (Fig. 17)

1. Use the No. 2 testW$witch position and lead connections.
This connection isSyfor checking and adjusting the maximum
torque angle off the TpAp compensator.

2. Adjust the voltage Vip3r and Vopsp for 10 volts with
Brush No. L amds/Brush No. 2 respectively.

3. Adjust “the%eurrent to 15 amperes and rotate the phase shifter
to finds twoy angles 01 and 82, at which the top unit contacts
just elose. The maximum torque angle 8 for the phase-to-
phase, tni't then is 81 + 92

Thisy 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 proceduxe
to check and adjust the angle of the Tpc compensator. This
adjustment is made with Rj(.

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 cennécted to
1F.

2. Adjust the voltages V1p2fr and V2p3p for 3.5, volts each with
Brush No. 2 and Brush No. 1 respectively. NPosition 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 adjustménthyfor the phase-to-phase unit
is identical to that describedgfor (three-phase unit.

The phase-to-phase unit is mowndalibrated and should be accurate
to within % 2% of the corrected ®ap value setting over the range
of fault voltages from 2.5VE=L"to 120 VL-L. The corrected tap
value is actual relay reachfat a given maximum torque angle ©

and is equal to TS %in © The relay is now
Zg =

OB T M) (sin 45°)

calibrated and ready“™for service.

ITII. Compeamsatotr Check

Accuracy of themltual impedance Zg of the compensators is set
within very s«lose tolerances at the factory and should not
change undér n6rmal conditions. The mutual impedance of the
compensatorsgdcan be checked with accurate instruments by the
procedure below.
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A. Set T, Tp, TB, and T¢c on the 1.23 tap.

B. Disconnect the 'L" leads of sections M, Mj, and M; 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 amd pass
20 amperes a-c current in terminal 19 and out ‘of €€rminal
13.

D. Measure the compensator voltage V¢ with a high resistance
voltmeter 5,000 ohm/volt as tabulategd belew.! Refer to
Fig. 1. for the location of R3, R2p, afid®R2C.

Measure Vg
Te££ggal Engé§ed Voltmeter Reading
"L" of M R3 Vg = 46.8 volts =
1.73 IT (8 = 60°)
"L of M R Ve = 21T(—in8__
A 2A ¢ ( sin 45°)
"L" of Mc Roc = 69.5 volts (8 = 90°)

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

IV. Overallf Check

After the (cdlibration procedure has been completed, perform the
followingycheck:

A. "Thfee~Phase Unit

Connect the relay for a three-phase fault. Test No. 1 of
Fiégure 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 V; _; is phase-to-phase fault voltage and
31y,

11, is phase current.

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

to determine the limits of gurrent when O is not equal to 35°
multiply the nominal values, tabulated above by the ratio

sin (35 + 30°)
sin ( @ + 30°)

phase angle metegx,set, for 8 + 30°.

B. Phase-to-Phasewldnit

Using sthe, cemnections for Tests Nos. 4, 5 and 6 set the phase
shiftlergso“hat the current lags voltage by 8/ The current
requixéd £o trip the phase-to-phase unit should be within

the limifs specified for each of the voltages. Note that

for the phase-to-phase unit the impedance measured by the
relayyis . - VL-L
R

2 11,
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where 75,7, is phase-to-phase fault voltage and 1lj, is phasé

current.
Test YOLTS AMPERES (8 = 45°)
No. V1F2F Imin Imax
2.5 .98 1.08
5.0 1.99 2 .10
5, &6 30.0 11.0 I A%s5
70.0 , 28.0 &, (29 !

To determine the limits of current when 8 is net equal to 45,
multiply the nominal values tabulated aboye by the ratio
sin 45°

sin 8

*# If test 4 and 5 produce differentyFfesults, rotate core about
1-2 degrees until tests 4 and 5 aré wipthin limits above. For
best results trip current for parts %gpand 5 should be within 27%.

If test #06 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 Racwadjustment.

Indicating Contactor Switel (ICS)

Close the main reldy, contacts and pass sufficient d-c current
through the trip @ircuit to close the contacts of the ICS. This
value of currentyshould be not less than 1.0 ampere nor greater
than 1.2 ampepéS fotr the 1 ampere ICS. The current should not
be greater tham the particular ICS tap setting being used for
the 0.2-2.0¢8amperes ICS. The operation indicator target should
drop freely.

The cébntdct, gap should be approximately 0.047" for the 0.2/2.0
ampereNunig£ 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 O

Repair work can be done most satisfactorily at the factory. s ’
However, interchangeable parts can be furnished to the custome

who are equipped for doing repair work. When ordering parts,
always give the complete nameplate data. S
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TABLE 1II

NOMENCLATURE FOR RELAY TYPE KD-5

UNIT ITEM DESCRIPTION
Z (3¢) Two Element-Coils; Total d-cy\R€sistance =
125 to 155 ohms
Z (3¢) Two Element-Coils; Total "d-c Resistance =

360 to 440 ohms

ey
g *R3A, R3F 2 of 3-1/2 inch Resist6éxs/, Total Resistance
n 2250 ohms (one resistoy, is fixed, one
=y adjustable)
=i Rj 2 inch Resistor 300%ehms adjustable
Ei C3A 2.0 MFD Capacitor
! *C3c 0.50 MFD Capacitor
T Compensatory(Primary Taps - .23; .307;
: .383; .5375. .690; .920; 1.23)
P8 Auto-Transfomfier Primary (Taps - 1; 2; 3)
| M Auto-Transformer Secondary (Between Taps -
E 0.0; .033%06; .06)
f XI1,Xg Reactors
Z (¢ d) TWwo Element-Coils; Total d-c Resistance =
9 180%to 220 ohms
5 *RAC 3-W/2"inch Resistor 750 ohms Adjustable
A R2A 2 %nch Resistor 100 ohms Adjustable
Ei;*CZA Coc 1.35 MFD Capacitor
& TaB Tae Compensator Same as T
wi SA SC Same as S
éi Mp Mg Same as M
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RELAY SETTINGS

TABLE |

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

S=1 §S=2 S=3 LEAD CONNECTION
.230 (.307(.383|.537 |.690 | .920 | 1.23 | .690 .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
.211(.282|.350 |.493 (.632(.843 (1.120| — [1.69 | 2.24| — |3.38|+.09 Lowerw06 0
.2171.290|.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
.2371.317[.395|.552|.713|.948 [1.270 || — |1.90 | 2.54| — ,|3.80 -.03 0 .03
.2451.327;.407|.571 |.735|.980 |1.310 ||1,47 | 1.96 | 2.62] —(]3.93 —.06| Lower.06 |Upper .06
.253 — 1.421(.590 |.760 (1.010 |1.355 |{1.522.02 | 2.70 /3.03), 4.06 -.09 0 (Lower.06
.261| — [.435| — |.785]1.0481.395 ||1. - [2.0941 2.80 (|3.74| 4.19 -. 12 .03 |Upper .06
271 — |.450 | — - | - 1.45 - = 2804F — |4.35 —-.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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$9 DISTANCE UNIT
(UPPER UNIT)

CHAS81S OPERATED
—— (SHORTING SWITCH

77 | CURRENRT TEST JACK

.02 WFD
R 1500

3 DISTANCE UNIT

REACTOR

REACTOR

R

e |NDICATING
CONTACTOR
SWITCH

AIRGAP
TRANSFORMNERS

AUTO
TRANSFORMERS

T————RED WANBLE

188ak21

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

35




BUS ZONE | RELAY BUS
’ M SET 90% OF |
b | o UNE SECTION s A
. h 1 . _
T ey | ' =7
I ‘LOCATION BEING | BALANCE POINT l ‘ |
CONSIDERED |
| | | ’
$(2-3)FAULT BEHIND RELAY $(2-3)FAULT WITHIN BALANCE POINT ((2-3)FAULT AT BALANCE POINT  {2-3)FAULT BEYONDJBALANCE POINT
, RZc x I2Zc X ToZc ¢
I3
I2 I Vxy
N I
\\
\
A /
2,0 ya
" L i T2 Vyzdo X2 L
v = »
(T3 7¢ vz ToI31 2o Y2 TpTa)7¢ (Ipze 7
I2
(D) () (B) (A)

NOTE. THE VOLTAGE TRIANGLES AT EACH FAULT LOCATION (A,B,C8D) REPRESENT, THE VOLTAGES SEEN BY THE
RELAY TERMINAL LOCATED AT THE SHADED BREAKER FOR OO0 ¢ FAULTS AT EACH LOCATION
(A,B,C &D)

Fig. 6 Voltage and Current Conditions for the Phase-fo:PhaseyUnit ot the Shaded Breaker for ¢ (2-3) Faults at various
Locations.

/7 PHASE TOPHASE UNIT STATIC AND DYNAMIC CHARACTERISTIG
100
!
2 raows=3[2g+ 2¢] (0 90
X &
z 4
8 = 80 3 PHASE UNIT
w 70] STATIC AND DYNAMIC CHARAGTERISTICS
>
=4
A E 60
° " 3 5 s
RADIUS P
z
-%Zs OFFSET 9 404
@
A~ GENTER A
> 304
\ z
z oFFseT= 3 [-29+2¢] fz¢ 8 20/
<
o
§ 104
a. 252 b zspz o
s €% » T5 20 30 40 50 60 70 80 90 ©0 10 120
RELAY TERMINAL VOLTAGE
1884295
Fig. 7 Impedance Circles for Phase-to-Phase Unit in the Fig. 8 Impedance Curves for Type KD-5 Relay.

Type KD-5 Relay.

36




I.L. 41-498-12
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Fig. 9 Impedance Circle for Three-Phasel Uni¥in Type
KD-5 Relay.
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Fig. 10 Typical Operating Time curves of Type KD-5 Relay. Normal voltage before the faults is 120 volts.

37




VOLTAGE BURDEN- S:! VOLTAGE -BURDEN- S-2
69V.N38  Samp/75° 69WN 3 5 AMPATS®
6 T:23-123a T:.23-123n
2
14 | /‘/ 7 ca— -
{PH 2207 1 ///
A V//
2 l/,l 6 1
—— =
PH 3
nl0o '// /71/ 5 (357
E [PH3(-67 /4’/
a T
1 "
[ — i 4
g - 1\
e TR <
° 3
s3 PH |
—] 1 (-34°)
a ] =1
2
2
__ R-ABQVE-L j L- ABQVE-R g ABOVER
15 -d9 03 0 +03 +d9 +.0 o5 TR T 5 5
M SETTING M SETTING
VOL TAGE BURDEN-S=3
6oy 30 SamPLise CURRENT BURDEN TABLE
T:.23-123.n POTENTIAL CIRCUIT 69V -N A S=1
THREE PHASE CURRENT:= 5 /-75° AMPS.
PHASE 1 PHASE 2 PHASE 3
4 [
TAP VA |VARS |[WATTS| VA |[VARS WATTS] VA [VARS [WATTS
6 SETTING ,
23 1.05 306 [1.01 |.650].157|.63 [.200|.062|.190
5 307 .25 |805(1.09 |.700]| .240[.660(.350 [.126 [327
()
ul
§ .383 1.45 |.852(1.17 |.802.354|722|.600(.262| .54
Za
] 537 165 (116 [1.16 [1.000|.615 | 788{.850 |.488/.696
o .
>
3 .690 1.85 (.41 [1.19 [1.400}1.00|.980/ 950 |.600|.74
920 2.25[1.92 [1.19 |2100|1.74[1.18 {i.35 [.94 |.97
2
123 32 |2.98].19 ’3350 3.02|1.47(2.20(1.55 1.55
\ | e
AT
BOVE-|. \- ABQYE-R
=16 '.(’)3 [o] 0,(‘)3 '.019 +15
M SETTING

Fig. 11 Type KD-5 Relay Burden Data

38

e,




1.L. 41-498.12

ZoNE! ZONE2 ZONES
STATION BUS PHASE ROTATION 123
pos. DCTRIPBUS ~— — -——H
&Ll 22 1 2 ¢2-! _%_ Zl:g
" | IR R T T
: *g. ] o ! |
o S 1
Ve T, | :
s Ics z | TMET2| Ry Trcs
w “(u) $6Tiom | | T
v _ﬂ) 22 212! 2 | 2 Toslzrs
-3 t T 9T {0l 10 | Ty yzoy T
T :
| 2
_L: 4+
|
R !
! T
1 3
" |
1
2
3 & +
Ste 2a 0 OHM-48 VOG.
USE SPWGONTAGT WHEN |50 oidl “losvne.
z Ry TRIP GOIL SURERVISION RT{2000 oum-260v0GC
e L LIGHT OR 0.2AL0S. 1S USED .
9 A Fuzs. )
H ™ ##DEOR ZONE TRIP| i/
2 Lu._,-l I. REVERSE CONNECTIONSTO TERMINALS l!r’ ” |!{u~ mgie, 194 18
z LA
H 3 zaf 200 2.INSTEAD OF CONNEDTIONS AS SHOWN WITHIN 0OTTEDLSECTION, GOMNEGT
2 DISTANCE UNIT 3¢ DISTAMCE UNIT DISTANGE UNIT 36 ISTANGE UNIT 3¢ DISTANGE UNIT___  ONLY-TR, CONTACT (TERMINALS 94 10) IN SERIES WITH ZONE 2 CONTACT
N ZONE | ZONE 2 ZONE 3 (TERMINAL 1))
o Tt 2kt 2 212 22 21-3 2t-3
s 75, T8 T3, T8 T3, 1 1:“rr "
w REYICE NUMBER CHART.
H % (39 7 21 ZONE| PHASE RELAY TYPE KO8
NN 3 21-2 ZOMER
2 213 ZONE3 " " ' xn '
I, & R P 2 A s 3 2—TIMING RELAY “ 702
S2  PWR. CKT. BKR.
S2a BKR. AUX. CONTACT
Y TC BKR. TRIP COIL
5/5 AMPS._ vy g
i 21-3 203 o2+ 2 22 21t 21
52 ALTERNATE CONNECTION 1, ERAEE N B I 1
(NEUTRAL FORMED AT RELAY)
3
23 9
Fig. 12 External Schematic of TypepnKD-5, KD and KD-1 Relays with Type TD-2 Timing Relay.
’
'
| _QSTATION ws PHASE ROTATION 1,23 pos, 0C. TRIPBUS roNe ) LoNee TIMER CONTROL
v X
5 I - o
é F é lcs rZ I
V1T, = w (301 (M (sm
=< 1 \e
Vi T— 1 — 20y Lori Lo LoraXarakor2
2t hovi b2 2r3 213 zl- D b €1°D LN S1I ¢
7 [] ) i 8 T N2
1 I TL
p—
A o l SAME AS ZONE|
| 2 ExCEPT | TX TR
| X REACTOR | 2 I" 30) ™~ [
M 1S NOT USED | R (’ ) 72
A A1 sc|jEMe s } a | 2 g.22 u ‘”’
A, RM | i
% K | CIRCUITRY
e T 1S A | _s_ _20_ %.3_
< learaier | !
|comemaTION | oz
L52a
3 s | I @
3 C2a Cag o34 f“ | lnts “ I
2 ll | USE 52a. GONTACT WHEN TRIP COIL
g . SUPERVISION LIGHT OR 0.2 AMP (G5
g AC | i ONIT IS USED
¢ zp9)  Z0h) 36 234 uph 296 23p z3$ NGE VALUE IN OHMS
g §$ DISTANCE UNIT 3@ DISTANCE UNIT $9 DISTANCE UNIT 3@ DISTANCE UNIT 48vDC. [125VDG. ]250 V.00
£ - RT | 350 2500 6500
ZoN¥| ZONE-2
= ZONE-1 N ez 2ONE3 R2| 0O 750 2000
3 211 2 22 12 213 ZFY R3] © 750 2000
[ D3 V7 s L o 2 Y W2 20NE3 20N 2 2Z0NE |
ww DEVICE NUMBER CHART
ZzZzZ |- T 1| -2 Tp £2b2f2t3 T DEVICE
I 4] ] 23 5. 213 212 2z 202 21 NO. |[ZONE( RELAY DEVICE
4 T. 2H 22 T, 2r2f 2 T, ‘—\:;g_g;gl\r. 21-1 1 KO0-5
212 2 | Ko
o + T 213 3 | ko1
z TD-4 TMING
as [s2 POWER GKT.BKR,
+ FOR ZONE 3 REVERSED TRIPPING DIRECTION 524 BKR. AUX. CONTACT
REVERSE CONNECTIONS TO TERMS 13¢ 12, S27¢ BKR TRIP COIL

15414,17¢ 16, 18¢ 1S OF KD-1 RELAY

<

293B298

Fig. 13 External Schematic of Type KD-5, KD and KD-1 Relays with Type TD-4 Timing Relay.

39




STATION BUS PHASE ROTATION 1,23 .
— :
[ ) Y
;W—J
STD. POTENTIAL CONN.
ZONE | ZONE 2 *Z0NE 3 TD-2 TIMER ZONE | ZONE 2 ZONE/ 3
- T, 2l 22 21- 2213 1 213 T TX 2i-1 21 21-2 2127213 21-3
: I3 AL T3, Ja TiE s, aA 2 AL i S5 T SEe T e e Meero -
1< *:' g M—O‘%Gl; v—'%(—o—o?(ﬂ;v—g? - w
e T o 2l2 gy 22 203 g "213 2 2 — 0
& b B Al Ss B, 74 15 B 14 7 5 Tt Tap «3
2 VoY SR, RS TR B e 2 e
200 7 1o 2HIZLE e T2 23 T 232 Lan.m |2 r
4 * ! 6 17 86 1 16 5 “Ae— 4 5
i ! ! Y {
§4¢ e
S*1590616 5A
j 15/5 ACT T B A
ad 9 =V
h -
= i5A
52 + FOR ZONE 3 REVERSED TRIPPING DIRECTION: DEVICE NUMBER
I. REVERSE CONNECTIONS TO TZRM'S 13 & 12, 22 TYPE TD-2 RELAY
-l KD-5:
" 154 14, 17 & 16, 19 & |8, OF KD-I RELAY S v X0- .
’ 21-3 KD "
AUTO TRANS 52 POWER CKT. BKR.
BANK
123

Fig.

Termination.

14 A.C. External Schematic of Type KD-5 KD and KD3l,Relays/with Type TD-2 Timing Relay-Auto-transformer

g STATION BUS PHASE ROTATION (.2 3 f
a WL *> 2 S®590616 l_\ii/ 31,
E — + — 3 ISI5A.ACT.\ - -—
—— - b
= STD. POTENTIAL [CONN. 5 —=*Io
2ZONE 1 ZONE 2 +ZONE 3 ZONE | ZONE 2 + ZONE 3
e —_— N
. X D20 2201 - - ) E . B 1-3
- g1 T, 222 T, 2-272E3, gy 2i-3 211 ;o ah Tz ; 2223 12022
ww -OI—-)FJ_. 1 3 12 13 12 19 | i 8 19 1 b
g3 - -y 212 21-2 21 21371, — 14T
oo 21 T 2i-1 T, T, Al TIA2
NN i ,’.-m =315 8_"a 45 8 V4 54
| T H 212 T, 212’ 213 T, 21-3 a2 2
1 [ l:ll_:li:x_;_,—‘ S et C. i T7 Co 16 —wsa [T 4 |5 r
_ , ==
T4 I
SR Sxan, %
Y 3
B 4
S #234A240607 /
S 70 5/V3 T ™
AC.T.
TIMER
N Tg::ff- + FCR ZONE 3 REVERSED TRIPPING DIRECTION: DEVICE NUMBERS
AN I REVERSE CONNECTIONS TC TERM'S 13 & 12, ol TYPE 7D°2 RELAY
154 14, 17 & 16, 19 & 18 OF KD-1 RELAY 212 KD "
HIGH SIDE

21-3 KD-I
52 POWER CKT. BKR.

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.

40

sty




I.L. 41-498-12

STATIQN BUS PHASE RQTATION | 2 3 |
¥ 2 DEVICE _NUMBERS
T * 3 2 TYPE TD-2 RELAY
21 KD"5 "
z STD POTENTIAL CONN, 212 " KD "
5] 21-3 ¢ KD N
5 52 POWER CKT. BKR.
ul
x
[a]
a
«
R , ZONE ZONE 2 ZONE 3 ZONE | ZONE 2 ZONESS
o
2 T, 2D 212 212 213 213 24 2i-1 212 212 213 QRL3
- = 13 ASZ 93 _Ta_ e 13 _JIa_1z % _ T 1w’ _T 8 18 TOZ(30A 5
w w
2F1 T, 21 212 P2 2i 3 NN
g 8 Ty “‘7\-97—5' i WQT s st A INER T
~N ~N
2Ll 21-] 212 202 213 X 2 2=
'*_;'5—)(-'-’_’T T X 06 5.6 —vsa BT5 ) P
% y / 25, =
7 3
b
52 T T
S %234A240607
yaN 5 70 543
..r..r.J acT TIMER
-LPP'“ﬁ_ - FOR ZOME 3 REVERSED TRIPPINGNDIRECT ION:
TRANSF, ). REVERSE CONNECTIONS TONEERM'S 13 & 12, 15 & 14,
A BC  BaNK 17 & 16, 184k 1900F KO- " RELAY
LINE

Fig. 16 A.C. External Schematic of Type KD:5KDy\and KD-1 Relays with Type TD-2 Timing Relay-Wye-Delta Bank

Termination with Delta on Re

lay Side.

3

PHASE moTATiON 1!~ 2!— 3!
"
1 pC.
3
3! .
[ > 22
/J\ — A 23
5 toao 2 4
PHASE WATTMETER llI.EYEl
SHIFTER 1 LLEN
200 VOLT-, PHASE
MPERES, ::'1{:: VARIASLE
+ AUTO - TRANSFORMER
T8¢ 200 VOLT-AMPERES

FAULY TEST

1
t-2 FAULT A
A @
/

/ 5'@
@s Y'Y

T ]
OLOL®

RD- 3 RELAY
FRONT VIEW

(ONORO)

o4

OXNO) @?c}p'

ROTARY SWITCH

1
2-3fpauLT A
e ®

O

t
RO
/| e (D
®* 2N’
'
/\\
/,’ (D
t®

3§ rauLTY

'%u

SUBTRACT 30° FROM THE
PHASE-ANGLE- METER
READING TO DETERMINE

g5 s THE RELAY MAXIMUM TORQUE
sELECTOR ANGLE WHEN TNE SELECTOR

I8 I8 THE 3§ POSITION.
4 PD.T. SWITCH

INDICATING
LAMP

Test SELECTOR FART |70 CHECK COMNECT FROM/TO
NO. TEST |OR ADJUST
Yoot { | X} -t Ry 23/13 22/20
zn Vi1, 2 3§ 1-2 R2a 23/18 22/21
3 3¢ ol Reg 23/17 22/21
VoL 4 [X] 1-2 CHECK 23/13 22/18
1g ';TL‘ Y X1 2-3 CHECK 23/18 22/17
€ X =1 CHECK | 23/17 22/13

Fig. 1

7 Test Connections for Type KD-5 Relay.

41



; '5*{ r‘%s’”‘%e
T~ 1 _
1 B
| —+
" wnje -+
'm
iy .
al
w |= .-
] E
| 3‘ AN B |
_.lal-GL | I !

le— 6 1+J |
s
PANEL LOCATION

SEMI=FLUSH MTG.
_PROJECTION WTG.

. 190-32 SCREW

PANEL

o

—— I8 SCREW

(FOR THICK
PANEL USE

?-.Is sTUD)
. 130-32 SCREW

FOR THICK PANEL
USE .398-32 STUD

|
fZ:D

(.
l_ .l:'t
|

5% !
5 . = DIA.4_HOLES FOR
32 ‘{ ~ ef:‘ v Tlgotad i3 SChews

PANEL, CUTOUT. & DRILLING
FOR SEMI-FLUSH,MTG.

PANEL DRILLING OR
CUTOUT FOR PROJECTION MTG.

57-D-T905

Fig. 18 Outline and Drilling Plan for Type KD-5 Relay in the Type FT42 case.

42









INSTALLATION

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

INSTRUCTIONS

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

CAUTION: Before putting protective relays into ser-
vice make sure that all moving parts operate freely,
inspect the contacts to see that they are clean and
operate the relay to check the settings and electrical
connections.

APPLICATION

The type KD-4 relay (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 faults, two-phase-to-ground faults, and three-
phase faults.

The KD-4 relay is available with indicatinggcon-
tactor switches with either a 1 ampere or af0.2/2.0
ampere rating. The 1 ampere rating is recoOmmended
for all directional comparison applications, and,for
most distance relaying applications. The 02/2.0
ampere rating is recommended for distance telaying
where a lockout relay is energized or where/a high
impedance auxiliary tripping relay igiutilized.

Refer to I.L. 41-911 for a description of how
KD-4relays are used in directignal comparison block-
ing systems.

For time-distance appli€ations the KD-4 relayis
used with either the TD-2 a-c current-operated timer,
or with the TD-4 or FBB-5"d=¢ transistorized timer..
See Figs. 12 and 13 fof the external schematics for
3 zone protectionpusinggsthe TD-2 and TD-4 relays,
respectivelyd For further discussion see ‘‘External
ConnectionSs.’’

Use fault detectors to supervise the trip circuit
for those applications where the relays can be de-
energized without attendant opening of the 52a con-
tact.9Otherwise undesired tripping occurs. A
S#1878395 three unit SC Relay (2-8 amperes) in the
typep FFT32 case or a S#288B714A18 three unit ITH
Relay'(4-8 amperes) in the type FT11 case isrecom-
mended.

SUPERSEDES I.L. 41-498.11H

*Denotes change from superseded issue.

CONSJIRUCTION

The type KP-4 Telay consists of three single air
gap transformers (Gempensators), three tapped auto-
transformers, two cylinder type operating units, and
an ICS indicating contactor switch.

Complensator

The compensators which are designated Tpg and
Tgcmare 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,
09537, 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 des-
ignated 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 sec-
tional 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 pro-
portionality 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 proportion-
al to the phase current is subtracted vectorially from
the relay terminal voltage. The second section is
connected to an adjustable loading resistor and pro-
vides a means of adjusting the phase angle relation
between. primary current and the induced secondary
voltage. The phase angle may be set for any value
between 45° and 80° by adjusting the resistor be-
tween its minimum and maximum value respectively
or for 89° by open circuiting the resistor. The factory
setting is for a maximum torque angle of 75° current

EFFECTIVE NOVEMBER 1969
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TYPE KD-4 RELAY

I.L. 43,-498.113
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Fig. 2 Compensator Construction

lagging voltage for phase-to-phase unit @nd 60° for
three phase unit.

Auto-Transformer

The auto-transformer has@three taps on its main
winding, S, which are numbered 1,92, and 3 on the tap
block. A tertiary windinggM hasyfour taps which may
be connected additively or subtractively to inversely
modify the S settinggby“any value from -15to +15
percent in steps of 3 pércéent.

The sign of "M isWnegative when the R lead is
above thed) lead. MWis positive when L is in a tap
location “which is @bove the tap iocation of the R
lead. The M“settifig is determined by the sum of per
unit values between the R and L lead. The actual
per unit values which appear on the tap plate between
taps are 0, €03, .06, and .06.

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

1+M
made within + 1.5 percent from 0.2 ohms to 4.35 ohms

by combining the compensator taps T, TAB, and

Tgc with the auto-transforiner taps S and M) Sa and
Ma, and S¢ and Mc

Tripping Unit

The device which acts to initiate’ tripping is a
four-pole cylinder unit which®is connected open delta
and operates as a threésphasé induction motor. Con-
tact-closing torque is produced®y the unit when the
voltage applied to itserminals has a negative-phase
sequence. Closing torque |for the relay forces the
moving contact to the left'hand side as viewed from
the front of the #elay. Contact-opening torque is pro-
duced when pesitivefphase sequence voltages are
applied. Hence, the cylinder unit has restraint or
operating _torque as determined by the phase se-
quence of thepvoltages applied to its terminals.

Mechani€ally, the cylinder unit is composed of
three\basic components: a die-cast aluminum frame
andewelectromagnet, a moving element assembly, and
a molded bridge.

The frame serves as the mounting structure for
the magnetic core. The magnetic core which houses
the lower pin bearing is secured to the frame by a
spring and snap ring. This is an adjustable core
which has a .020 inch flat on one side and is held
in its adjusted position by the clamping action of two
compressed springs. The bearing can be replaced, if
necessary, without having to remove the magnetic
core from the frame.

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

The moving element assembly consists of a
spiral spring, contact carrying member, and an alumi-
num cylinder assembled to a molded hub which holds
the shaft. The hub to which the moving-contact arm
is clamped has a wedge-and-cam construction, to
provide low-bounce contact action. A casual inspec-
tion of the assembly might lead one to think that the
contact arm bracket does not clamp on the hub as
tightly as it should. However, this adjustment is
accurately made at the factory and is locked in place
with a lock nut and should not be changed.

Optimum contact action is obtained when a force
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of 7 to 9 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 ‘be-
tween 15° to 20°.

The shaft has removable top and bottom(jewel
bearing. The shaft rides between the bhétltom“pin
bearing and the upper pin bearing which is adjusted
to .025 inch from the top of the shaft_bearings The
cylinder rotates in an air gap formedyby thepelectro-
magnet and the magnetic core.

The bridge is secured to thé“eélectromagnet and
the frame by two mounting screws.)In addition to
holding the upper pin bearingsmthe“bridge is used for
mounting the adjustable statignaty contact housing.
This stationary contact has “002/to .006 inch follow
which is set at thedfactory by, means of the adjusting
screw, After the{adjustment is made the screw is
sealed in position with a ishaterial which flows around
the threads and then solidifies. The stationary con-
tact housing is held in position by a spring type
clamp. The spring @djuster is located on the under-
side of the) bridge and is attached to the moving
contact armyb¥a spiral spring. The spring adjuster is
also held in place by a spring type clamp.

When the contacts close, the electrical connec-
tionjis“made through the stationary contact housing
clamp,) to the moving contact, through the spiral

springdand out to the spring adjuster clamp.

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 con-
tacts 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 ofthe cover.

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

OPERATION

The KD-4 relay has two major components-com-
pensators and tripping units. In the internal schematic
of Fig. 4 the compensators are designated T, Tpg,
and Tpgc, the tripping units, Z (3¢) & Z (#P). The
phase-to-phase unit Z (@) operates for all combina-
tions 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 opera-
tion of the phase-to-phase unit. Each of the tripping
units and its associated compensator circuit are
electrically separate, and will now be considered
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Fig. 4 Internal Schematiclof Type KD-4 Relay with 1.0 ampere I.C.S. in the type FT42 case. (Relay with 0.2/2.0 ampere
I.C.S. unit hasfidentical wiring except that the I.C.S. coil is tapped on terminal 10 188A294).

successively.

Three Phasew.Unit

A single compensator T has its primary ener-
gized with (Iy — 3Ip)current in Fig. 12 Current I; is
the phase 1 gurrent: 31 is the residual current. There
are ‘¢hree compensators shown—one for each of the
three Zones.One connection uses an auxiliary current
transformer to insert the 3y component. The alternate
connection supplies the compensator primaries with

(212 -I3). Since I} +1I5 +13 =3Iy, (I4 -3Ip) = (-Iy -).

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

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

As shown in Fig. 12, The T compensator second-
ary is connected to modify the 1.5 time phase 1 volt-
tage. With a fault in the trip direction, the induced
voltage in the compensator secondary bucks the 1.5
time phase 1 voltage.

Vector diagrams in Fig. 5 illustrate the operation
during 3 phase faults at four locations. The system
impedance and the compensator angle areassumed to
to be at 90° for illustrative purposes only. Prefault
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Fig. 7. Impedance Circles for Phase-to-Phase Unit in the
Type KD-4 Relay.

voltages are depicted by the large triangle. The
smailer triangle in each case is the system voltages
at the relay location during the fault. This triangle is
modified by the compensator voltage, -1.5 I1Zc,
where Z ¢ is the compensator mutual impedance. The
terminals of the tripping unit are designated: XX &
Z. Phase 1 tripping unit voltage is:

Vx = 1.5V - 1.5 [1Z¢

Phase 2 and phase 3 tripping unit voltaggs are:
Vy =Vy
Vg = V3

For a fault at A, beyond tHe\relay“operating zone

the compensator voltage -1.81y Z copmodifies the 1.5
times of phase 1 voltagegmredugimg the voltage tri-

angle on the tripping unit X-Y-Z. With an X-¥Y-Z rota-
tion the tripping unit_torquesd’is in the restraining
direction.

For a fault atiB, the*current is larger than for a
fault at A, g0 that -1.§IZ¢c is larger. The point X is
in line with,points ¥Yand 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 helow the YZ line. Now the rotation is
X-Z<Y, which produces operating torque.

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

Rig. 8.)lmpedance Curves for Type KD -4 Relay.

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

The Rgp and C3a 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 voitage
across the right hand coils of Z (3@), in figure 4.
This phase shift is produced by capacitor C3c. The
Rgap —C3a combination also provides control of
transients in the inductive coils of the cylinder unit.

Phase-to-Phase Unit

Compensator primaries of Tpag and Tgc are
energized by Iy, Iy and I3, as shown in Fig. 12. Com-
pensator secondaries are connected to modify their
respective phase voltages (e.g.. Tpog modifies V{i9).
With a fault in the trip direction, the induced voltages
in the compensator secondaries buck the phase-phase
voltages.

Vector diagrams inFig. 6 illustrate the operation
during phase 2-3 faults at four locations. The system
impedances and the compensator angle are assumed to
be at 907, 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 modi-
fied by the compensator voltages (I - I) Zc and
(Ig - 13) Z c whereZc is the compensator mutual imped-
ance. In this case I} = 0. The terminals of the trip-

7
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Fig. 9. Impedance Circle for Three-Phase Unit in Type
KD -4 Relay.

ping unit are designated; X, Y and Z. Tripping unit
voltages are for phase 2-3 fault:

Vxy = Vig -1 -12) Z¢

Phase 2-3 tripping unit voltage is:
Vygz =Vo3 — (I2 — I3) Z¢c

For a fault at A, in Fig. 6, beyond the relay
operating zone, the compensator voltages changehe
1-2-3 voltage sequence to the identical X-Y-Z se-
quence. Voltages of this sequence applied temoperas
ting unit produce restraining torque.

For a fault at B, the currents are larger.than for
a fault at A, so that compensator veltages are’larger.
Points Y & Zcoincide now and the @rea of“the X-Y-Z
triangle is zero. No torque is produced.

For a fault in the operating zomne, such as at C,
the compensator voltages [reyerSe the rotation of
tripping unit voltages toRX-Zs¥gSequence. Voltages
of this sequence applied toWeperating 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 isdef reversed polarity and tripping
unit voltageBhas an X-Y-Z rotation. This riotation
produces restraining torque.

Note that this unit does not require memory ac-
tion,Wsinee the sound-phase voltage reacts with the
compensactor 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 combination§¥subjects the
cylinder unit to a different butqsimilaf” set of con-
ditions.

CHARACTERISTICS

Distance Characteristic —sPhaseito-Phase Unit

This unit respond§ te, all ' phase-to-phase faults
and most two-phase-t@s=ground faults. It does not re-
spond to load currénthsynehronizing surges, or out-of-
step conditiens. While Ja characteristic circle can be
plotted for this@unit“en the R-X diagram as shown in
Fig. 7, gsuch ajcharacteristic circle has no signifi-
cance, except Imtthe first quadrant where resistance
and reactancelvalues are positive. A small -portion
of the fourthPquadrant, involving positive resistance
values “@nd negative reactance values, could have
some significance in the event that the transmission
line, includes a series capacitor. The portion of the
circle in the first quadrant is of interest because it
describes what the relay will do when arc resistance
is involved in the fault. The phase-to-phase unit
operating on an actual transmission system is in-
herently directional and no separate directional unit
is required.

An inspection of Fig. 7 indicates that the circle
of the phase-to-phase unit 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, re-
gardless of the system source impedance. The broad-
ening out of the characteristic circle with a relatively
high source impedance gives the phase-to-phase unit
the advantageous characteristic that for short lines,
it makes a greater allowance for resistance in the
fault.Stated another way, the characteristics 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 re-
laying location.

Sensitivity: Phase-to-phase Unit

A plot of relay reach, in percent of tap block
setting, versus relay terminal voltage is shown in
Figure 8. The unit will operate with the correct
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Fig. 10 Typical Operating Time cufves,of Type KD-4 Relay. Normal voltage before the faults is 120 volts,

directional sense for zero voltage., phase-to-phase Distance Characteristic - 3 Phase Unit
faults. For this condition the fdult curfent must be
notless than 0.030 relay amperes withpan 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 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.

The KD-4 relaygmay bé" set without regard to
possible overreach dueftofd-c transients. Compensa-
tors basically,arefinsensitive to d-c transients which
attend faults on highsangle 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. Asymetri-
cal currents resulting fromfaults on low-angle systems
having a short time constant can induce considerable
voltageyin the secondary, but for the first half cycle,
theW\transient-derived voltage subtracts from the
steady-state value. This transient decays so rapidly
that it is insignificant during the second half cycle The maximum torque angle of this unit is set
when it adds to the steady-state value. for less than the line impedance angle of the phase-

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 the YZ voltage
also drops to zero, the relay would be unable to de-
termine whether an internal or external fault existed.
To correct this condition, a resonant circuit is added
to the 23 voltage circuit of the relay which allows the
YZ voltage to collapse gradually, thus giving a refer-
ence voltage to determine whether the fault is inside
the protected line section or behind the relay.
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Fig. 11 Type KD-4 Relay Burden Data
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to-phase unit in order to accomodate more arc resist-
ance. The factory setting is 60° (75° for phase-to-
phase unit); the angle may be readjusted as low as
45°,

Sensitivity — KD-4, 3 Phase Unit

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

The unit will operate with the correct direction-
al sense for zero 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 volt-
age 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:
3.4
T
Where T = Compensator Tap Value

I= amperes

The KD-4 relay may be set without regard)to
possible overreach due to d-c transients.

General Characteristics

Impedance settings in ohms reach g&anybe ‘made
for any value from .2 ohris to 4.35 ohms 4An steps of
3 percent. The maximum torque angle” whieh is set
for 75 degrees at the factorygfor \@-@ unit, and 60
degrees for 30 may be set for “any Value from 60
degrees to 80 degrees for phase-to=phase unit and
from 45° to 80 degrees ford@ phase unit. A change
in maximum torque angle widl 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“9@° relationship is approached, if the
compensator #loadingyresistor (R3, Rgaa or Roc) is
open-circuited. 4The effect of the loading resistor,
when connecétéd, is to produce an internal drop in
the compensatopf which is out-of-phase with the
induced voltage, IT, ITpog or ITca, Thus the net
voltage, V, is phase-shifted to change the compensa-
tor maximum torque angle. As a result of this phase
shift the magnitude of V is reduced, as shown in
Figy 2.°Tap markings in Fig. 3 are based upon 75° for
phase-to-phase unitand upon a 60° compensator angle
setting for three phase unit. If the resistors Rg, Roa,
and Roc are adjusted for some other maximum torque
angle the nominal reach is different than indicated

by the taps. The reach, Z varies with they maximum
torque angle &, as follows:

TS sin &
1 +M) sina

where ¢ = factory set angle of 75° for phase to
phase unit and 60° for three phaséfunit.

Tap Plate Markings

(T, TA,(Tg, and Tc)
.23, .307, .388,,.53%.690, .920, 1.23

(S,)8a, SC)
T 2 3
(M, Ma, M¢)
+Values petween taps .03 .06 .06

TIE, CURVES AND BURDEN DATA

Oplerating’ Time

The speed of operation for the KD-4 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 con-
tacts for tripping after the inception of a fault atany
point on a line within the relay setting.

Current Circuit Rating in Amperes

Tap Setting Continuous 1 Second
S=18=2 §=3
123 10.0 10.0 10.0 240
.920 10.0 15. 15. 240
.690 10.0 15. 15. 240
9317 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 poten-
tial and current transformers in each phase is shown
by Fig. 11 for the KD-4 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

n
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SETTING CALCULATIONS

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

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

S, SA, and Sc
1 2 3

M, Ma, Mc
~.03.06 .06

(Values between taps)

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

or 3 application.
Calculations for setting the KD-4 relays are

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

For phase-to-phase unit

0.9
26 = Zpri —g‘/&
For three phase Unit
Z6 = Zpr 0.9R@&
Ry

The terms used in this formula argfdefined as follows:

Za = the desired ohmic reach off the relay in
secondary ohms.
TS _ .
Z = M the tap platesetting.
T = compensator gap value

S = Auto-transformer primary tap value
@ = Maximum torque angle setting of relay. This
setting is made in line with recommendations

made above.
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).

12

Zpri = ohms per phase of the total line section

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

R, = current transformer ratio

Ry = potential transformer ratio

T—compensator tap values refer “to standard
maximum torque angle adjustmientywhich is 75° for
phase-to-phase unit and 60° Yot three phase unit.
The relays having other than “standard maximum
torque angle adjustment“&—setting should be modi-
fied as outlined belows

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

1. a) Establish &

b)), Establish & — Relay tap plate settings. If
the relay maximum torque angle f has been
recalibrated to an angle different from the
factory setting, multiply the Z  — value

T5¢° .
by factor 50 for phase to phase unit,

Sin
Sin A
and by factor SJLG_O_O for three phase unit.
Sin 6°
2. Now refer to the Table I.
Table I lists optimum relay tap settings for
relay range from ,2 to 4.35 ohms.

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

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

information for “‘L’’ and ‘‘R’’ leads sett-
ing for the specified ‘“M’’ value.
c) Recheck the obtained S,T,M- settings by

using equation.
ST

2 =
1+ M

For example, assume the desired reach Zs, is
1.7 ohms at 60°. If relay has been recalibrated to a

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

in 75°
Z=-1.1 fogn 1.89 ohms.

1n N . . .
The phase-to-phase unit setting is found as

follows:
a) The nearest reading is 1-90 ohms that is

190 100 - 100.5% of the desired reach.

1.89
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TABLE |
RELAY SETTINGS FOR KD-4 RELAY (.2 - 4.35 OHMS)
S=1 S=2 S=3 LEAD CONNECTION
T |.230].307|.383{.537(.690{.920 | 1.23 || .690/ .920| 1.23]1.920| 1.23 |+M -M | ‘‘L’-Lead |‘“‘R’’ Lead
.200 |.272|.3331.466 |.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 iﬂi
.211(.282(.350{.493|.632}.843 [1.120 ) — |1.69 |2.24| — |3.38 |09 Lower .06 0 :%3
.2171.290.361.506 |.650|.869 [1.160| — |1.74 | 2.32|| — |3.48 |+.06 Upper .06 [Lower.06 ;J
.224|.298|.371].521(.670|.892 [1.191 || — | 178 |2.38| —/] 3:58y}+.03 .03 0
.230|.307(.383|.537 (.690(.920 |1.230 || — |1.84 | 2.46 |W—N3.69| 0 |- 0 0 0
.237(.3171.395(.552 |.713|.948 |1.270 || — |1.90)] 2.54] —|3.80 -.03 0 .03
.245(.327.407|.571 |.735|.980 J1.310 ||1.47 | 1.96"[ 2.62%" — |[3.93 ~.06| Lower.06 |Upper .06 S.J
.253| — {.421|.590 {.760(1.010 [1.355 |[1.52 |[2.02[y2.70 [|3.03 | 4.06 -.09 0 |Lower.06 %
.261| — |.435| — |.785(1.048(1.398}|1. ='| 2.09 | 2.80 {3.14|4.19 .12 .03 |Upper .06 Er‘
271 — 1.450 | — - | = 1.45 = - 290 — |4.35 -.15 0 |Upper .06

The tap plate values refer to standard maximum torque angle adjustment which is 75° for phase-to-phase unit

and 60° for three phase unit.
Line Angle Adjustment

Maximum torque angle is setWfor phase-to-phase
unit 75° (current lagging voltage) and for 60° for
three-phase unit in the faetory.“Wor @-@ unit this
adjustment need not be disturbed for line angles of
65° or higher. For line angles)below 65°, set phase-
to-phase unit for a#60% maximum torque angle by
adjusting the gcompensator loading resistors RZA
and Rgc, andpfor<4d “Smaximum torque angle for the
three phasefunitgby adjusting the resistor R3. Refer
to repair Calibrationdparts I and II, when a change in
maximum torque,amngle is desired.

Indicating Contactor Switch (ICS)

No setting is required for relays with a 1.0 am-
pereQunit. 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-volt d-c type
WL relay switch, or equivalent, use the 0.2 ampere
tap; for 48-volt d-c applications set the unit in a tap

2 and use a Type WL relay with a S#304C209G01 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 re-
lay 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 semi-flush type
FT case. Either the stud or the mounting screws may
be utilized for grounding the relay. The electrical
connections may be made 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 detail information on the FT case refer to
IL 41-076.
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Fig. 14 A.C. External Schematic of Type KD-4 and KD-4T Relayswith Type TD-2 Timing Relay-Auto-Transformer
Termination.
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Fig. 15 A.C. External Schematic of Type KD-4 and KD-41 Relays with Type TD-2 Relay-Wye Delta Bank

Termination
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l.L. 41-498.11)

STATION BUS PHASE ROTATION ABC A
~ B DEVICE _NUMBERS
* ¢ 2 TYPE TD-2  RELAY
D 21 KD-¢ "
= STD POTENTIAL CONN. 212 KD-4
°© 21-30" KD-4)
o 52\ \POWER ) CKT. BKR.
&
o
a
x
< ZONE ZONE 2 T ZONE 3 ZONE | ZONE 2 T zoNE 3
N -
2i-t T, 21 ‘212 2127213 213 a4 21-1 242 212 213 ¢ yagRl3
- A 5 93 T ] iz 1™ T 18 19y T S
" 13 o epef2 13 2 i3 T ] ;
wow - -1 21 =2 3
2z 2k Tg 2lll 2z 72k &1 23, N
n It ' 211 2 : ‘1‘,. 3.IV_ 2 2.
$ + *2;'—‘ Y T I ez 23 16 —+>5A MR 3 X
A e "4
7 6
§71
52 J T TX
S #234A240607 L~~~y
A 5 TO 5A/3
J‘J‘j A.C.Ty TIMER
“l ’l.lm\ﬁl; 1 - FOR™ZONE 3 REWERSED TRIPPING DIRECTION:
TRANSE. I. ,REVERSE CONNECTIONS TO TERM'S 13 & 12, I5 & Iy,
A BC BANK 17 & 16, 18 & 19 OF KD-4! RELAY
LINE
292BLTL

Fig. 16 A.C. External Schematic of TypegKD+4, and KD-41 Relays
tion with Delta on Relay Side.

EXTERNAL CONNECTIONS

Fig. 12 shows thefconnections for 3 zone pro-
tection utilizing the TD=2 timer. Fig. 13 is similar to
Fig. 12 except thatg#he. TD-4 timer is used instead of
the TD-2. Figfyl3 do€s not show the use of the 5/5
auxiliary cufrent ttansformer so that the CT neutral
may be formed{elsewhere; however,
is equally applicable whether the TD-2 or TD-4 timer
is employed.

this connection

A-C connections for additional applications are
shawn in Figs. 14, 15 and 16. These connections
applyyawhen the transmission line is terminated in a

power“transformer, and when low side voltage and

with Type TD-2 Timing Relay-Wye-Delta Bank Termina-

current are used to energize the relays. Incalculating
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 stift.

Figs. 14 through 16 show the TD-2 relay; how-
ever, 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.

17



TYPE KD-4 RELAY
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Fig. 17 Test Conpections for Type KD-4 Relay

RECEIVING ACCEPTANCE

KD-4 relays have a very small number, of moving
parts and mechanical devices whichmight»become
inoperative. Acceptance tests in gegneral consist of:

1. A visual inspection to makedsuré there are no
loose connections, brokendresistors, or broken
resistor wires.

2. An electricalftestyto ‘make certain that the
relay measufes the balance point impedance
accurately.

Distance Units

Check the electfical response of the relay by
using the test'eonnections in Figure 17. Set T, Tx,
both TR, & Taufor 1.23 S, SA & Sc for 1; M, MA &
Mc for 05,

A, Use connections for Test No. 1 and adjust

the®voltages Vipom and Vopapg for 30 volts
each.

18

B. The current required to make the contacts
close for the three-phase (bottom) unit should
be between 15.9 and 16.6 amperes at the
maximum-torque angle of 60° current lag.

(Set phase shifter for 90 ° lag in Fig. 17)

C. Use connection for Test No. 4

D. Adjust the voltage between PH.1 and 1F and
between PH.2 and 2F for 45 volts each so
that the resultant voltage Vipgop equals 30

volts (120-45-45 =

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

of 75° current lag.

F. Repeat E while using connections for Test
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.

No.

5 and Test No.

30V)
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1.L. 41 498.10J

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 (1CS)

Close the main relay contacts and pass suffi-
cient 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 indica-
tor target should drop freely.

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

ROUTINE MAINTENANCE

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

All contacts should be cleaned periodieally. A
contact burnisher #182A836H01 is recommended,for
this purpose. The use of abrasive material fortelean-
ing contacts is not recommended becausewof the
danger of embedding small particles dmythe\face of the
soft silver and thus imparing the contactt

Distance Units

CAUTION: before makingy ‘‘hi=pot’’ tests, jumper all
contacts together to avoididestroying arc-suppressor
capacitors. :

Use connections foritests' 1, 4, 5 & 6 of Fig. 17
to check the reach of the,relay, or use a K-Dar Test
unit for this plrposed When using test 1 of Fig. 17
the phase angle meter must be set for 30° more than
the maximdm tofque angle. Note that the impedance
measured “by4the 3-phase unit in test 1 is Zr =
/3 I where VL-L is the phase-to-phase voltage
and Iy, is the phase current; similarly, in tests 4, 5,
& ® of Fig. 17 the phase-to-phase unit measures

\\VL-L

2R
ZIL

Indicating Contacter Switch (ICS)

Close the main relay contacts and pass suffi-

cient d-c current through the trip circuit tojclose the
contacts of the ICS. This value of current should be
not less than 1.0 ampere nor greater than 1.2 amperes
for the 1 ampere ICS. The current should not be
greater than the particualr ICS tap setting being used
for the 0.2-2.0 ampere ICS. The opefation indicator
target should drop freely.

REPAIR CALIBRATION

Usethe following procedure for calibrating the re-
lay if the relay hasfbeen,taken apart for repairs or the
adjustments disturbed.

Connect ghe,relay for testing as shown in Figure
17. The four-pole=@ouble-throw switch shown in the
test circuit, selects the type of voltage condition, for
a phase-to‘phase or a three-phase fault, that will be
applied to the relay voltage terminals. The rotary
switeh 'switches the fault voltage to various terminals
and, thereby simulates any combination of phase-to-
phase faults without the tester having to change con-
nections or readjust the phase shifter and variable
auto-transformers.

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

Tripping Units & Initial Spring Setting

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 pre-
vents 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 secure-
ly locked in position with the lock nut. The lower
bearing position is fixed and cannot be adjusted.

Avutotransformer Check

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

Set S, Sp, and Sc on tap number 3. Set the *‘R”’

leads of M, Mp, and MC all on 0.0 and disconnect all
the “‘L’" leads. Adjust the voltages Vipgp and
Vopap for 90 volts. Measure the voltage fromterminal
8 to the #1 tap of Su. It should be 30 volts. From 8
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to the #2 tap of Sy should be 60 volts. The voltage
should read 30 volts from 8 to Sc = 1 and 60 volts
from 8 to Sc = 2. Voltage from terminal 6 totap #1 of
S should be 26 volts. From 6 to the tap #2 of S should
be 52 volts.

Set S, Sp, and Sc on 1 and adjust Vipgop and
Vopgp for 100 volts. Measure the voltage drop from
terminal 8 to the Mp taps. This voltage should be
equal to 100 (1 + 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. In-
crease voltage Vipgop and Vopgp to 115 volts.
Check taps M voltages to terminal 6 in the same
manner as tap Mp above. Transformers that have an
output different from nominal by more than 1.0 volt
probably have been damaged and should be replaced.

Distance Unit Calibration

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

T, Tp, T, and Tc set on 1.23(Tap Tg is set
twice)

S, Sp, and S set on 1
“L’’ for M, M, and M¢ set on 0.0

“R’’ for M, Mp, and MC set on 0.0

l. Three-P hase Unit

Core and R3A Resistor Adjustments

Set R g resistor for 100 ohms. Adjustable part
of Rg3a should be connected for full resistance.

The relay should be preheateéd for at least one

hour in the case to eliminate change /in tuning due
to self-heating, spring setgasy peF Initial Spring

Setting.
A. Connect relay temmindls 8 and 9 together,

apply, rated &a-c voltage between terminals
7 and 8. Adjustfcore by turning it slightly
until the contaet apm restrains very slightly.

B. Connect relay for test #4 (Fig. 17). Set
ViFoF for 2 volts. Set phase shifter so that
voltage leads current by the angle &, which
is theWmaximum torque angle of the 3¢ unit.
(60°C. =nfor standard unit.) Make sure that the
applied voltage is of correct phase sequence.
Adjust resistor Rgp so that 3¢ unit trips at
.82 - .90* amperes. This corresponds to
100% of relay setting of T=1.23 S=1 M=0.

20

C. Use test connections #6 (Fig. 17). Check the
pickup it should be between 1.3 - 2.0 amp.
If this doesn’t meet this condition, rotate
core approximately 90° as per part A and re-
peat parts A, B, C. If necessary, rotate core
again.

For relays set for different/ma%imum torque
angle & that is different from 60.%#the pickup
current should be multiphied“by a factor of
Sin 60 °
Sin 6

Maximum Torque AngléfAdjustment

1. Use the No. INtest switch positions and lead
connections s tabuldted in Figure 17.

2. Adjustythe(voltages Vipop and Vgpgp for
20 voltsy with Brush No. 1 and Brush No. 2
respeetively.

390penyR3 resistor by disconnecting the lead
goinghtey the adjustable tap on the resistor. Ad-
Just current for 15 amperes and rotate phase
shiffer to find the two angles, 01 and 69, at
which the bottom unit contacts just close.

The maximum torque angle measured with Rg

1+ 0o

6 .
open should be ( ~ 30) degrees. This

angle should be between 88° and 91°. Connect
Rg resistor back and measure again for maximum
torque angle. This angle should be between 58°
and 61°. If necessary readjust Rg resistor for
correct angle.

4. A smaller angle® may be obtained by reducing
R3, in which case the test current should be

15 sin 60°

equal to ————— amperes. The angle may be
sin &

increased by increasing Rg.
5. If it was found necessary to change Rg re-
sistor to a setting different from the originally

set value repeat parts B and C of preceding
calibration procedure.

Contact Adjustment

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

Spring Restraint: Reconnect for a three-phase fault,
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I.L. 414498.11)

Test No. 1, and set the phase shifter so that the
current lags voltage by the maximum - torque angle,
(90° in Fig. 17). Adjust the spring so that the current
required to close the left-hand contact is as follows:
Voltages Vipgop and Vopgp = 2.5 volts

Current to trip KD-4 = 1.46 amp
Deenergize relay. Contact should stay open.
Il. Phase-to-Phase Unit:

Core and Rpoc - Adjustment

A) No current is applied to relay. Set Rpc-

resistor so that the adjustable band is in the

center of the resistor. Spring set as per

Initial Spring Setting.

B) Connect terminals 7 & 8 together and apply
rated a-c voltage between terminals 8-9.
Adjust core until contact arm floats in the
middle of the gap. Use a screwdriver with
insulated blade to avoid accidental contact
with tap plate inserts.

*

C

-~

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

D) Connect terminals 7 & 9 togetherdyApply
rated a-c voltage to terminals /T & "8, Adjust
resistor Rpoc, until contact arm floats.

. Maximum Torque Angle Adjustment (Flig. 17)

1. Use the No. 2 Test switchyposition and lead
connections. Thispconnection is for checking
and adjusting the {maximum torque angle of
the Tpg compengator,

2. Adjust the voltage,Vipor and Vop3p for 10
volts with Brush' No. 1 and Brush No. 2 re-

spectively.

3. Adjast the current to 15 ampers and rotate the

pHase #hiftef to find two angles, 01 and 09,
at whieh the top unit contacts just close. The
maximum torque angle & forthe phase-to-phase

unit then is <61_§612_ - 30) degrees.

* This angle should be 73—77 degrees.
This angle ¢ can be changed by adjusting
R2A'
In this case, the test current should be equal
15 sin 75°

to sin @

amperes. A lower value of resist-

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

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

Spring Restraint

1. No current is applied t® relay. Use Test No.
1 connections) except reverse the voltage
phase sequénce by interchanging the Brush
connections so‘that Brush 1 is connected to
3F andBrushy2fis connected to 1F.

2. Adjust theWyoltages Vipop and Vapgpg for
3.5_volts each with Brush No. 2 and Brush
No. 1%respectively. Position the moving con-
tact spring adjuster so that the contact just
floats and then return the circuit conneetions
to mormal with Brush 1 to 1F and Brush 2 to
3F.

3»Deenergize relay. Contact should stay open.

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 Vi,.p, to 120 Vy._1,. The corrected tap value is
actual relay reach at a given maximum torque angle
o . TS sin

and is equal to Zg = (It M) (sin 73°)
is now calibrated and ready for service.

. The relay

I1l. Compensator Check

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

A.SetT, Ty, T, and T¢ on the 1.23 tap.

B. Disconnect the ‘‘L’* leads of sections M, Mp,
and Mc and the brush leads of R3, Rga, and
Rgoc without disturbing the brush setting. (With
resistor loading removed & = 90°).

C. Connect terminals 12to 14, 15 to 17, 16to 18
and pass 20 amperes a.c. current in terminal
19 and out of terminal 13.
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D. Measure the compensator voltage Vo with a
high resistance voltmeter 5,000 ohm/volt as
tabulated below. Refer to Figure 1 forthe
location of R3, Rga, and RyC.

Measure Vo
From To Fixed Voltmeter Reading
Terminal End of
“1," of M R3 VC - 155 IT( sin 9 )
sin 60
=42.6 volts (£ =90°)
“L” OfMA R2A - 6
sin
Ve = IT (—=—=—
€ sin 75°
— _ o

“L" of Mo | Ry = 50.9 volts (& = 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 com
pleted, perform the following check.

A. Three-Phase Unit

Connect the relay for a three-phase fault,
No. 1 of Figure 17, and set the phase shifter so v@
the phase angle meter indicates 30° moref thangt
maximum torque angle. The current r&l ir tostrip
the relay should be within the limits@speeified for

each of the voltages. Note that hree-phase
unit the impedance measured he “relay is
Ze = VL-L )
R *\/ﬁ where Vjy _1, is pbasesto-phase fault

voltage and I, is phase curr@

G=60° ) t1 & t

Imax

is phase current.@
] N

t to determine the limits of current when & i O

equal to 60° multiply the nominal values tabulated

: o
above by the ratio M
sin &

++ Phase angle meter set for & + 30°. @

B. Phase-to-Phase Unit

Using the connections for T\@, 5, and 6

set the phase shifter so that th IT lags voltage
by 6°.The current required to(tri phase-to-phase
unit should be within the limits ified for each of

the voltages. Note that for t hase-to-phase unit

relay is Zg = \;LILL

-phase fault voltage and If,

the impedance measu y

where V[,_1, is phas

Amperes (6 =175°) t
Imin Imax
.98 1.08
1.99 2.10
11.9 12.5
28.0 29.

t To determine the limits of current when & is not
equal to 75°, multiply the nominal values tabulated

. sin 75°
above by the ratie sin &

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 R pcresistor
until current limits are met.

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

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass-suffi-
cient 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 ampere ICS. The operation indicator
target should drop freely.
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The contact gap should be approximately 0.047’
for the 0.2/2.0 ampere unit and 0.070’’ for the 1

lLL. 414

11N

RENEWAL PARTS O

Repair work can be done most satisfactorily at

ampere unit, between the bridging moving contact and the factory. However, interchangeable p can be
the adjustable stationary contacts. The bridging furnished to the customers who are equipped for

moving contact should touch both stationary contacts

doing repair work. When ordering partg always give

simultaneously. the complete nameplate data.:‘
TABLE Il @
NOMENCLATURE FOR RELAY TYPE KD-
UNIT ITEM
Z (3¢) Two Element-Coils; T, stance = 125 to 155 ohms
Z(3¢) 2-3 Two Element-Coils; To esistance = 360 to 440 ohms
R3a. R3F Combination of 2 1 otal Resistance 2500 ohms (One Re-
sistor is fixed, al

g Rg 2 inch Resistoq s Adjustable

E C3a 2.0 MFD C ito

E C3c 0.50 ME or

?é T Con @ or (Primary Taps - .23; .307; .383; .537; .690; .920; 1.23)

2 S -Transformer Primary (Taps- 1, 2 3)
M Xmsformer Secondary (Between Taps-0.0; .03; .06; .06)
XLy, Xg @S
Z (¢-¢) Q Element-Coils; Total d-c Resistance = 180 to 220 ohms

o RAC ’\ -Y% inch Resistor 750 ohms Adjustable

; RoaRg K 2 inch Resistor 600 ohms Adjustable

E Cop C \ 1.35 MFD Capacitor

% TaB ’IQ Compensator Same as T

<

.

S Same as S
\ Same as M

23
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b) From the Table I read off S=2
T=.92
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
ST 2 x.920

Z2°{m - 1-.03 - 189
or Sin 60°
Zepo= 2 = -
60 Sin75° 1.895 x .898 = 1.70 ohms

Three phase unit setting is found as follows:

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

Sin 60° _ | 7 x1.225 = 2.08

2=29. Sin A

a) The nearest table value is 2.09

b) From the Table I read off

S=2
T =.920
M=-.12

‘““R”’ lead should be over “‘L’’, with “‘L’’-
lead, connected to “‘.03"* - tap and “R’’ =
lead connected to upper ‘.06’’ - tap.
c) Recheck settings
ST 2 x.920
1+tM 1-.12

= 2.09

or Sin 45

Z450= 2 =2.09 x.818%=1.71
Sin 60

or 100-.5% of desired setting.
SETTING THE=RERAY

The KD-4 relay reguires, setbings for each of the
three compensators (T, Ty and Tc), each of the
auto-transformers, ‘primaries S, Sp, and Sc¢) and
secondaries (M, Mp, and Mg). 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.

Compensater (Th, Top and Tca)

Eachysetiof compensator taps terminate in inserts
which are grouped on a socket and form approximately
three quarters of a circle around a center insert which
is4the @ommon connection for all of the taps. Electri-
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cal connections between common insert and tapgin-
serts are made with a link that is held in place with
two connector screws, one in the common and oneyin
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. Remoye th€yconnector
screw in the tap end of the Iink, swing the link
around until it is in position over theéyinsert for the
desired tap setting, replace the gonnector screw to
bind the link to this inserty and,retighten the con-
nector screw in the centergSince the link and connec-
tor screws carry operating cuirent, be sure that the
screws are turned to bind snugly.

Auto-Transformer/Primary (S, Sp, and Sc)

Primary “tap, comnmections are made through a
single lead for\eaeh,transformer. The lead comes out
of the tap ‘phate)through a small hole located just
below “er»aboye the taps and is held in place on the
tap byga connector screw. (Figure 3).

ANYL‘S’’ setting is made by removing the con-
nectoryscrew, placing the connector in position over
thel 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, Mp, 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 by connector screws.

Values for which an *‘M’’ setting canbe 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
which 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 I for tabulated ‘“M’’ settings.



Westinghouse I. L. 41-498A
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KD-3 RELAY

CAUTION

Before putting protective relays into service make sure that all
moving parts operate freely, inspect the contacts™tol see that they
are clean and close properly, and operate the relay to check the
settings and electrical connections.

AFPPLICATION

The KD-3 relay (Figure 1) is a singlegphase ¥mpedance type relay
connected to receive phase-to-neutral wl¥age and phase current

and may be applied as a supplement to)conwentional two-zone or
three-zone distance relaying. It ha§ previsions for a completely
offset circle characteristic with bo®th the long reach and the short
reach adjustable.

In KD relay applications whepé al nofmal second zone cr third zone
setting of the three-phase unitdfmight cause tripping because of
possible load conditions, the conventional relay settings must be
shortened to exclude load. ,The, KD-3 displaced circle characteris-
tic may be added to the KD nelay three-phase unit shortened circle
characteristic to provide,the/desired total reach at the line
angle without danger of (tripping on load. The KD phase-to-phase
unit does not respond gowbalanced three phase conditions and
therefore can be set fomany distance without fear of tripping on
load or swing condiblons.

The KD-3 relay isffavallable with either a 1 ampere or a 0.2/2.0
ampere indicatingycontactor switch rating. The 1 ampere rating

is recommendedgfor d11 directional comparison applications and for
most distanee ®elaying applications. The 0.2/?.0 ampere rating is
recommended fer“@istance relaying where a lockout relay is ener-
gized or #there @ high impedance auxiliary tripping relay is
utilizedS

CONSTRUCTION

The type KD-3 relay consists of two single air gap transformers
(compensators), two tapped auto-transformers, a cylinder type
operating unit, an adjustable reactor and an ICS indicating
contactor switch.

SUPERSEDES 1. L. 41-498 EFFECTIVE SEPT. 1966



Compensator

Compensators, which are designated as T, and TC’ are two-winding air-
gap transformers (Figure 2). The primary, or Current winding, Hias
seven taps which terminate at the tap block (Figure 3). Ta is ‘Ghe
"long reach" compensator, Ty is the "short reach" compensator and

tap markings for the respective units are as follows:

Ty = 1.3, 1.74, 2.4, 3.3, 4.5, 6.3, and 8.7.
T = .87, 1.16, 1.6, 2.2, 3.0, 4.2, and 5.8.

Current flowing through the primary coil provides anQMMF *which
produces magnetic lines of flux in the core.

A voltage is induced in the secondary which 1s pzopextional to the
primary tap and current magnitude. This proporxtiochality is
established by the cross sectional area of the Taminated steel core,
the length of an air gap which is located infthe center of the coil,
and the tightness of the laminations. Aldyoffthese factors which
influence the secondary voltage proportionadity have been precisely
set at the factory. The clamps which hedd ¥h€ laminations should
not be disturbed by either tightening, oralodsening the clamp screws.

The secondary winding has a single tap which divides the winding into
two sections. Cne section is connected subtractively in series with
the relay terminal voltage. Thus @ #oltage which is proportional to
the 1line current 1is subtracted gmectorially from the relay terminal
voltage. The second section i¥s connected to an adjustable loading
resistor and provides a means ‘@ff adjusting the phase angle relation
between primary current and The wnduced secondary voltage. The

phase angle may be set for amy walue between €0° and 80° by adjusting
the resistor between its minimum and maximum values respectively or
for 89° torque angle of 75 eurrent lagging voltage.

Auto-Transformer

The auto-transformemphas three taps on its main winding, S, which
are numbered 1, 2, and 3 on the tap block. A tertiary winding IM has
four taps which may bge connected additively, or subtractively to
inversely modify the 8 setting by any value from -15 to +15 per cent
in steps of 3 pérocent.

The sign ofy M “is fiegative when the R lead is above the L lead. M 1is
positive whew L™is in a tap location which is above the tap location
of the R lead. 4 The M settings is determined by the sum of per unit
values between the R and L lead. The actual per unit values which
appear on the tap plate between taps are 0, .03, .06, and .006.

The auto-transformer makes it possible to expand the basic range of
the ,compensators by a multiplier of S Therefore, any relay

-+
ohm™sétting can be made within f1.5 L- per cent from 1.13 ohms
to 30 ohms, for along reach setting, and from 0.75 ohms to 20 ohms,

f'grva short reach setting, by combining the compensator taps Tp

2
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and Tg with the auto-transformer taps Sp and My, and Sy and Mg.

Tripping Unit

The device which acts to initiate tripping is a four-pole cylinder
unit which is connected so that one pole-pair voltage leads the other
by 90° and operates as a two-phase induction motor. Contact-closing
torque 1s produced by the unit when the voltage applied to 1tS
terminals has a negative-phase sequence. Closing torquée”for the
relay forces the moving contact to the left hand side asfviewed from
the front of the relay. Contact-opening torque is produced when
positive-phase sequence voltages are applied. Hencg,nthe 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 ofgfoUwribasic components;
a die-cast aluminum frame, an electromagnet, &4 mowing element assembly,
and a molded bridge.

The frame serves as the mounting structure Tor the magnetic core.
The magnetic core which houses the lower Wpim bearing 1s secured to
the frame by a spring and snap ring. {This\, is an adjustable core
which has a .025 inch flat on one side“and“is held in its adjusted
position by the clamping action of twe,compressed springs. The
bearing can be replaced, 1f necessagy wIthout having to remove the
magnetic core from the frame.

The electromagnet has two serd@s-connected coils mounted diametri-
cally opposite one another, ;ff/o exclte each set of poles, and two
locating pins. The locating ‘pdns are used to accurately position
the lower pin bearing, whichyisWmounted on the frame, with respect
to the upper pin bearing, which is threaded into the bridge. The
electromagnet is secured tof the frame by four mounting screws.

The moving element assembly consists of a spiral spring, contact
carrying member, and an ‘@adliminum cylinder assembled to a molded hub
which holds the shafit. “The hub to which the moving contact arm 1is
clamped has a wedger-and-cam construction, to provide low-~-bounce
contact action. A, casual inspection of the assembly might lead one
to think that thé cantfact arm bracket does not clamp on the hub as
tightly as it showld. However, this adjustment 1s accurately made
at the factory arid is locked in place with a lock nut and should
not be changedy

Optimum £onfact action is obtained when a force of 4 to 10 grams

pressurefapplied to the face of the moving contact will make the

arm slip oneffourth 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°.

They 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.

-3-



The cylinder rotates in an alr gap formed by the electromagnet and
the magnetic core.

The bridge is secured to the electromagnet and 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 #s
made the screw is sealed in position with a material whichwf lows
around the threads and then solidifies. The stationanry contact
housing 1s held in position by a spring type clamp. The,spring
adjuster is located on the underside of the bridge andwis“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 hssémade through
the stationary contact housing clamp, to the moving,contact, through
the spiral spring and out to the spring adjusteryclamp.

Indicating Contactor Switch Unit (ICS)

The indicating contactor switch is a smadl @-C” operated clapper type
device. A magnetic armature, to which the Teaf-spring mounted
contacts are attached, 1s attracted tolthewmagnetic core upon
energization of the switch. When thelswiteh 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 fhe "switch, which allows the operation
indicator target to drop. Theftarget is reset from outside of the
case by a push rod located at the bottom of the cover.

The front spring, in additiom,to,holding the target, provides
restraint for the armature andWthus controls the pickup value of
the switch.

QRPERATION

Type KD-3 relays hawe two major components, the compensators and the
tripping unit. In the, internal schematic of Fig. 4 compensators
designated Tp and F¢ are shown connected so as to modify the voltage
applied to the long-reach coils (Z[Rr) and the short-reach coils (ZsRr)
respectively.

Operation of tThe ®D-3 relay can be explalned by referring to Fig. 5.
In this figure the addition cof voltage vectors, at various fault
locationsyyresudts in a set of vectors indicating predominantly
positive sequefice voltages for restraining the tripping unit or
indicating predominantely negative sequence voltages for closing the
tripping unit.

In Fighy 5 the short reach setting (2¢) is about one third of the

long\reach setting (Za) and is in the same direction. This produces
the™solid line offset circle characteristic which excludes the

-4-
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origin when plotted on an R-X diagram. Note that if Z¢ bhad been
set with reverse polarity, by reversing the external current confiec=
tions, the broken line circle characteristic which includes the
origin would have resulted. Terms and symbols used 1n the didgraws
are defined as follows:

Vgy =  Output voltage from the autotransformers which
receive phase to neutral voltage.

Zp = Mutual impedance setting of the longgreach
compensator.

ZC = Mutual impedance setting of the shorf r€ach
compensator.

I = Phase Current.

XY = Z(LR) tripping unit coil voltage.

zY = Z(SR) tripping unit coil voltage.

X-Y-7Z = Positive Sequence (re@tralning) phase rotation.

X-Z-Y = Negative Sequence (clesing) phase rotation.

Consider a fault at location "A" which is beyond the long reach
setting. For the sake of simplicityy, assume both the line angle
and the relay maximum torque afiglel to6 be 90°. Compensator Zp
modifies voltage Vgy by addistgg fhe mutual impedance drop IZp which
leaves voltage XY across the %(TR) coils. Compensator Zg modifies
its voltage Vgm by adding IZg, Toyproduce Z'Y. This voltage 1s then
advanced 90°, by the phasegghi®ting action of capacitor Cg¢g, to
provide voltage 7Y across/(the ZSSRg coils. The resulting diagram
has an X-Y-Z (positive gequence) phase rotation which restrains the
unit for this fault beyond{the protected zone.

Using the same method ofgyanalysis for a fault at location "B", the
long reach settingyZanit is shown that X, Y, and Z lie in a
stralight line indica%ing equal poslitive and negative sequence
voltages which provides a balance point. Within the protected zone,
for a fault at loeation "C", the XY voltagée is reversed by compensa-
tor action andfnegative sequence voltage X-Z-Y produces closing
torque in the Wripping unit. At location "D", the short reach
setting, @nofther balance point 1s encountered as positive sequence
and negafive sequence voltages become equal again with X, Y, and 2
in line.

A fault at location "E" which is between the relay and the protected
zone causgs both XY and ZY to be reversed. This provides a
resteaining X-Y-Z phase rotation. A fault at lccation "F", behind
the, relay, causes a current reversal in both compensators and a
modif§ying voltage is produced which increases the restraining
vwoltage Vgy to a large value with X-Y-Z phase rotation.

-5-



The combination of series resistor Rp and parallel capacitor Cpp shown
in Figure 4 controls transients in the Z(IR) circuilt and also provides
a small amount of phase shift. 1In the Z(SR% circuit, capacitor Ccg
provides memory action to improve the operating characteristics for
faults near the relay location. Cgg also provides the major phase
shifting effect which makes the voltage across Z(SR lead the voltfage
across Z(1r) by 90° when only voltage is applied to the relay. The
most efficiéent phase relation between pole palrs for the cylinder

type tripping unit is 90° which can be accurately set usings the
variable X adjustment. Reactor X is a small adjustable uni# which

is used to compensate for variations in other componentsy

CHARACTERISTICS

The KD-3 relay is designed to respond primarily to,three phase faults.
Since 1t receives phase-to-neutral voltage and phaséycuarrent, it
responds accurately to any three phase conditionfand to phase-to-
ground faults on one particular phase. It has aWlimited response to
phase-to-phase and double-phase-to-ground faultse

Y

Distance Characteristic

-

A characteristic circle is established by,Setting two points on the
circle, diametrically opposite one another,\,by means of the Long
Reach and the Short Reach compensatorsf§ WAs shown in Figure 6, the
Short Reach setting, Zsr, may be positiwe or negative with respect to
ZIR, Oor it may be zero depending upgn ghe current circult connections
to the Short Reach compensator Tas “The external schematic Figure 7
shows posiftive polarity currentf conne€tions to both Tp and Tg.

Solid line characteristics of “Eigure 6 are typical for a positive

ZSR. Memory action in the tripping unit circuiltry provides the light-
line dynamic characteristic when, normal voltage exists at the relay
terminals prior to the fault.{ The heavy-line static characteristic
dominates f{or load and swing «¢onditions or if there is zero voltage

at the relay prior to fhe “fault.

The broken-1line chanacteristic passing through the origin is obtained
by by-passing the curmentsterminals of the T¢c compensator to make Zgg
equal to zero. Thefdashed-line characteristic which includes the
origin is obtained by making reverse polarity connections to current
terminals of thegPg eGmpensator.

The relay isy inherently directional when ZSR 1s either zero or is of
positive polapitysw If T¢ has a negative polarity connection to the
current temminals, “gr 1s reversed with respect to Zir and the circle
characteristac 4fthen includes the origin and loses its sense of
direction.

Sensitivity

Figuréwd)is an impedance curve which demonstrates the relay sensitiv-
ity™teyfaults at the balance point for various values of voltage at
theZrelay terminals.
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Zero voltage sensitivity for characteristics which include the origin
is graphically illustrated in Figure 9.

General Characterlstic

Impedance settings in ohms reach can be made for any value from 1.13
ohms to 30 ohms for ZIR and from .75 ohms to 20 chms for Zgr in steps
of 3 per cent. The maximum torque angle, which is set for 7 degrees
at the factory, may be set for any value from 00 degreé€s_to 80
degrees. A change in maximum torque angle will producefa slight
change in reach for any given setting of the relay. Reféerring to
Figure 2 note that the compensator secondary voltageyoutput V, is
largest when V leads the primary current, I, by 90°%% |This 90°
relationship 1s approached, if the compensator loadimg resistor

(RQA or Rop) 1s open-circult ed. The effect ofefheldoading resistor,
when connected, 1s to produce an internal drop, ihwthe compensator,
which is out-of-phase with the 1induced voltage,WW, is phase-shifted
to change the compensator maximum torque angle. As a result of this
phase shift the magnitude of V is reducedj as, shown in Figure 2.

Tap markings in Figure 3 are based uponi\an/5° compensator angle
setting. If the resistors Rpp and Rpg,are adjusted for some other
maximum torque angle the nominal reach, 1s?different than 1ndicated
by the taps. The reach, Zg, variesiwlth the maximum torque angle,
9, as follows:

TS sinfe

Z9
(1 + ), sin/75°

TAP PILATFE MARKINGS

Ta
1.3 1.74 2.8(3,3 4.5 6.3 8.7

Tc
.872"0.16"1.6 2.2 3.0 4,2 5.8

Sc & S¢
1 2 3
+ Valuespbetuween taps My & Mg

.03 .06 .06
TIME CURVES AND BURDEN DATA

Operating Time

The™speed of operation for the KD-3 relay is shown by the time curves
I'muFigure 10. The curves indicate the time in milliseconds required
for the relay to close its contacts for tripping after the inception

-T-



of a fault at any point on a line within the relay setting.

Current Circuit Rating in Amperes O
Tap Setting Continuous 1 Second <:;’

S=1 S 2 S=

5.8 5.0 8.5 8.5 240 4

4,2 6.0 10. 10. 240

3.0 8.0 10.  10. lu‘;t>

2.2 10. 10.  10. §§q-

1.6 10. 10. 10.

1.16 10. 10. 10.

0.87 10. 10. 10.

Burden

The burden which the relay imposes upcn pote Qnd current
transformers 1s shown by Figure 11.

Trip Circuit Constants
1 ampere rating: ms d.c. resistance
0.2/2.0 ampere rating: \& tap -- 6.5 ohms

tap -- 0.15 ohms
SETTING CALCU

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

1.3 1.74 2:§EE§E3 4,5 6.3 8.7

.87 s 1.6 2.2 3.0 4.2 5.8

O SA and SC
Q
My and Mg

% (Values between taps)

1
.03 .06 .06

Maximum torque angle is set for 75° (current lagging voltage) in
the cto?&. This adjustment need not be disturbed for line angles
of or higher. TFor line angles below 65°, set for a 60° maximum
tor ngle, by adjusting Rpop and Rog.
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The general formula for setting the ohms reach of the relay is:

(Sin o) Re
Z@ = K o = Zpl"i - R
(Sin 75°) v

The terms used in this formula are defined as follows:

Zg = the desired ohmic reach of the relay and relates equally
to Long Reach (Zgrg) and Short Reach (Zggg)-

Z = ——E%f——— = the tap plate setting.
1 -M

T = compensator tap value.

S = Auto-transformer primary tap value.

© = Maximum torque angle setting of the relay.

(For a factory setting of 75° then ——iliO% _ 1))
S nags °

M = Auto-transformer secondary tap valuew
(This is a Per Unit value and isy@determined by the sum of the
values between the "L" and the !R™Jleads. The sign is positive
when "L" is above "R'" and acts %e Lower the Z setting. The
sign is negative when "R" is @beve "L" and acts to raise the
Z setting).

Zpri - ohms per phase of thejline section to be protected.

Re current transformer ratie.

Ry potential transformer (ratio.

The following procedarefshould be followed in order to obtain
an optimum setting off the relay. Relats the general equation to
Long Reach or Short ‘Reach by sub letters "A" and "C" respectively.

1. Select the'lowest tap S which give a produce of 10.3 S,
and 6.9 §; greater than Z where Z = Zg (sin 75°) '

(sin © )
2. gelectya value for T that is nearest the value —= .
S
3. Deteymine the value cof I that will most nearly make
TS
N = ——Z———--l. If the sign is negative, then the M taps

are connected with the R lead above the L lead to Raise
the setting.
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For example, assume the desired reach, ZoIr of the relay is 10.8
ohms at 60 degrees. Then Zrg = 10.8 x 1.11 = 12 ohms.

1. The lowest tap S for 10.3 Sp greater than 12 is S = 2.
Set S, in tap 2.

2. Tp nearest to ;2 - =6,0 1is 6.3 ohms. Set T, in tap 6.3
3. M = ( %f ~ 1) = (1.05-1) = 0.05 (Use M% 706)
Set My for + .06
4. Then zpg = 23X2 _ _ 11,9
1 + .06
5. ZgIR = ( 5in O ) = 1,07 relay ohms%at a maximum torque

IR (" sin 75°)
angle setting of 60 degrees. Thig is £3F of the desired
value.

6. Set Ry, for a 60° maximum torque,dngile.
7. Use the same six steps descripedyabove to calculate
settings for T¢, Sc, and Mgy when Zg % is any value other
se

than zero. If Zggris to be 2ero, Sg on 1, My for 0.0,
and by-pass the current_terminals of Tg.

SETTING THESRELAY

The KD-3 relay requires settings, for each of the two compensators
and Tp), each of the twd auto-transformer primaries (Sp and Sg),
é for the two auto-transfofmer secondaries (Ma and Mg). All of
these settings are made withytaps on the tap plate which 1s located
above the operating umit.§, Eigure 3 shows the tap plate.

Compensator (Tp and, T§)

FEach set of compengator®taps terminate in inserts which are

grouped on a socket and form approximately three quarters of a
circle around ag€enteér inset which is the common connection for all
of the taps.e Elgctrical connections between common inset and tap
inserts arepmade™with a link that is held in place with two
connector screwsy one in the common and one in the tap.

A compensatorfap setting 1s 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 cver the insert
for the deSired tap setting, replace the connector screw to bind the
link e this insert, and retighten the connector screw in the center.
Since™the 1link and connector screws carry operating current, be sure
thaty,the screws are turned to bind snugly.

-10-
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Auto-Transformer Primary (Sp and Sc)

Primary tap connections are made through a single lead for each
transformer. The lead comes out of the tap plate through a smwall
hole located just below the taps and 1s held in place on the
proper tap by a connector screw. (Figure 3).

An "S" setting is made by removing the connector screw, placing the
connector in position over the insert of the desired sefting,
replacing and tightening the connector screw. The cennector should
never make electrilical contact with more than one tap ag, a time.

Auto-Transformer Secondary (Mp and Mp)

Secondary tap connections are made through two leads identifiled as

L and R for each transformer. These leads conmienut cf the tap plate
each through a small hole, one on each side ¢f theé vertical row of
"M" tap inserts. The lead connectors are hedd %n place on the
proper tap by connector screws.

Values for which an "M" setting can he madepare from -.15 to +.15
in steps of .03. The value of a setfingmls the sum of the numbers
that are crossed when going from thé&sR “kead position to the L lead
position. The sign of the "M" valug #s determined by which lead is
in the higher position on the tap pPlate. The sign is positive (+)
if the L lead is higher and negatdwe (-) if the R lead 1s higher.

An "M" setting may be made 1id the ‘£6llowing manner. Remove the
connector screws so that thé ,L/and R leads are free. Determine
from the following table the desired "M" value. Neither lead
connector should make electrigal contact with more than one tap
at a time.

Tabularfed Settings

Z75° _EL‘ L Lead R ILead
0.87 TS . 15 Upper .06 o)
0.89 TS +,.2 Upper .06 .03
0.92 TS +1.09 Lower .06 0
0.94 TS ¥ .06 Upper .06 Lower .06
0.97 TS + .03 .03 0

TS 0] .03 0
1.03 TS - .03 0] .03
1.06 TS - .06 Lower .06 Upper .06
1.1 TS - .09 0 Lower .06
1.14 TS - .12 .03 Upper .06
1.18 TS - .15 0 Upper

Linej Angle Adjustment

[ffaxdmum torque angle is set for 75° (current lagging voltage) in the
Pactory. Thils adjustment need not be disturbed for line angles of
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65° or higher. For line angles below 65°, set for a 60° maximum
torque angle by adjusting the compensator loading resistors Rop and
R2C' Refer to repalr callibration when a change in maximum torque
angle 1is desired.

Indicating Contactor Switch (ICS)

No setting 1s required for relays with a 1.0 ampere unit. For 4elays
with a 0.2/2.0 ampere unit, connect the lead located in faont of the
tap block to the deslred setting by means of the connecting screw.
When the relay energizes a 125- or 250-volt d-c type WINreiday switch,
or equivalent, use the 0.2 ampere tap; for 48-volt d-gmappidications
set the unit 1n a tap 2 and use a Type WL relay with(a/S#304C209G01
coll, or equlvalent.

INSTALLATION

The relays should be mounted on switchboard panels or their
equivalent 1n a location free from dirt, molgtuge "excessive
vibration and heat. Mount the relay vertically /by means of the
mounting stud for the type FT projectlon case or by means of the
four mounting holes on the flange for the semI-flush type FT case.
Either the stud or the mounting screws may be utilized for grounding
the relay. The electrical connectlionsimaygbe made directly to the
terminals by means of screws for steel pamel mounting or to the
terminal stud furnlished wilth the relaygafor thick panel mounting.
The terminal stud may be easily remoyed or inserted by locking two
nuts on the stud and then turning, the Joroper nut with a wrench.

For detailed information on thé&#T Case refer to I.L. 41-076,

ACCEPTANCENTESTS

KD-3 relays have a very small number of moving parts and mechanical
devices which might become 1noperative. Acceptance tests 1n general
consists of:

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

2. An electrical test to make certaln that the relay measures
the bala@nee point impedance accurately.

Distance Unit

Check the“elect#ical response of the relay by using the test
connections ‘fof Test No. 6 shown in Figure 12. Set Ta for 8.7,
Tc for 3.0, Sj and 3¢ for 1, and My and My for + 0.15 (L in top
position and R in bo%tom position).

A% Adjust the voltage V] to 30 volts.

-12-
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B. The current required to make the contacts close for the
long-reach balance point should be between 3.89 and 4.05
amperes at the maximum-torque angle of 75° current lag.

C. The current required to make the contacts reset at the
short-reach balance point should be between 11.1 and I7T.6
amperes at 75° current lag.

If the electrical response is outside the 1limits, a monesrcomplete
series of test outlined in the section titled, "Calibratdon" may be
performed to determine which component is faulty or out of
calibration.

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficienthdséc current
through the trip circuit to close the contacts of, the ICS. This
value of current should not be less than 1.0 ampere nor greater than
1.2 amperes for the 1 ampere ICS. The current sShould 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, OFOLT7" 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 sfatienary contacts. The bridging
moving contact should touch both stationary contacts simultaneously.

ROUTINE MAINTENANCE

The relays should be inspecteddéperiodically, at such time intervals
as may be dictated by experienee, to insure that the relays have
retained their calibrationgand,are in proper operating condition.

All contacts should be cleaned periodically. A contact burnisher
#182A836H01 is recommerdedyfor this purpose. The use of abrasive
material for cleaninggcontacts is not recommended because of the
danger of embedding @madll particles in the face of the soft silver
and thus impairing,the contact.

CAUTION: Beforefmaking "hi-pot" tests, jumper the contacts together
to avoid destroying/arc-suppressor capacitors.

When perfozming noutine maintenance, the distance unit and the ICS
can be checked™y using the same procedure as outlined in

Acceptancte fJes%s. The balance point impedance measured by the relay
is V&N where Vi _y 1s the phase-to-neutral voltage applied

Zr = =
R 11,
to the relay terminals and Iy is the phase current.

REPAIR CALIBRATION

Usesthe following procedure for calibrating the relay if the relay
has been taken apart for repairs or the adjustments disturbed.
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Connect the relay for testing as shown in Figure 12. For best resultsg
in checking calibration, the relay should be allowed to warm up fo¥
approximately one hour at rated voltage. However, a cold relay

will probably check to within two per cent of the warm relay.

Distance Unit Calibration

With the stationary contact 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 fric#ion which
prevents free movement of the cylinder and contact arm?

The upper pin bearing should be screwed down until therepis
approximately .025 inch (one complete turn of the screw) between
it and the top of the shaft bearing. The upper pin bBearing should
then be securely locked in position with the lock "nuti: The 1lower
bearing position is fixed and cannot be adjusted.

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

Ty, set on 8.7 and T¢ set on 5.8
Sp and Sp set on 1.

"R" for My and M. set on 0.0

C
"L" for M, and M, hangs free.

Resistors R2A and R2C open cireudted by adjustable bands not
making contact.

A. Compensator Angle Adjusfment:
1. TLong Reach Compgnsator T,.
a. Connect theyzrelay as per Figure 12. Test No. 1.

b. AdjustivolPage V] to 90 volts, set the phase shifter
so that cufrent lags voltage by 90°, and increase the
currént fo the value which produces a null (within
thpee %olts) reading on null detector Np (requires
about 410 amperes).

Notewthe Exact Value of Current.

€. / Change vcltage V] to 87 volts, swing phase shifter to
75° current lagging, and adjust Rpp to reach a null on
Ny when the current is at the null value of 1l.b. noted
above.
2. Short Reach Compensator Tg¢

a. With the relay connected as per Figure 12, test No. 2,
adjust VvV, to 60 volts, set phase shifter for current
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B.

lagging voltage by 90°, increase the current to the
value which produces a null (within 3 volts) readipgg
on null detector Nn (requires about 10 amperes). Note
the Exact Value of Current.

b. Change Vi to 58 volts, swing the phase shifter to™75°
current lagging, and adJust R to read a null on Ng
when the current is at the nu%g value of 2.a. neted
above.

Auto-transformer Check:

Auto-transformers may be checked for turns ratioiand polarity
by using the No. 3 test connections of Figure 124 and the
procedure outlined below.

1. Set Sp and Sy on tap number 3. Apply 90 volts between
terminals 8 and 9. DMeasure the voltage from terminal 9
to tap No. 1 of Sp and Sg. It sh6uld be 1/3 the applied
voltage = 30 volts. From terminalf 9/ to tap No. 2 of Sa
and 3¢ the voltage should be 2/33the€ applied value

= 60 volts.

2. Set Sp and S, on tap number(l and apply 100 volts between
terminals 8 and 9. Measure the voltage drop from terminal
9 to each of the M, and M~Ntaps. This voltage should be
equal to 100 (1 + %he sam of values between R and the tap
being measured). Examplé:) 100 (1 + .03 + .06) = 109 volts.

Transformers which haveygan output different from nominal by
more than 1.0 volt preobabldly have been damaged and should be
replaced.

Tripping Unit Core Adjustment: The adjustable core is set at
the factory to biag the contacts open on current-only. This

adjustment can be, cheeked or made according to the following

procedure.

Use test conn€étiohs of Test No. 4 and set "L" for Map and Mg in
the top posi®tion™(.03 + .05 + .06 = .15 between L and R).
Supply 5 amperes to the relay and set the adjustable core so
that the gcntacts just open. Increase the current in steps

of about (L@ amperes up to 65 amperes. It may be necessary to
readjust,the core in order to make sure that the contacts never
clogse on current only.

The reagtor X adjustment should be checked after any change in
the core adjustment.

Reac®or X Adjustment: The reactor adjustment 1is provided to
permit setting the impedance angle of its own circuit to a
proper relation with the impedance angle of the Z(1r) circuit.
Use connections of Test No. 5 to check or make the réactor
adjustments.
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Set the voltage, Vj;, for 50 volts and the current, A, for
(.5 amperes. Adjust the Reactor X for a maximum torque
angle of 75° I 2°. Rotate the phase shifter to find the
two angles, ©3 and 6p, at which the contacts just close,
The maximum torque angle is:

01+62
— )degrees

This angle should be between 73° and 77° for a nominal
75° adjustment.

A smaller angle may be obtained by drawing the™reaetor core
out. The angle may be increased by screwing theieore in.

Check to see if the Tripping Unit Core Adjustment is
changed as a result of a change in the X_adjustment.

E. Contact Adjustment:

With the moving-contact arm against the ri@ght-hand backstop,
screw the stationary contact in until it jus®, Téuches the moving

contact.

Then back the stationary contaet out®two-thirds (2/3) of

one turn to give 0.020-inch gap between “eonvacts.

F. Spring Restraint and Impedance Cugve:

1.

Connect for Test No. 6 of Righwe’ 12. Set Ta = 8.7 and
Tc = 3.0; Sp and Spg = LymR'(for My and Mg set 0.0;
"L" for My and My shoudd be Ifi the top positions.

Set V; = 5.0 volts

A = 0.88 amp. lagging voltage by 75°.
Then adjust the nestraint spring so that the contacts just
close. This shoeuld _provide the restraint torque necessary
to reset the confacts when the relay is deenergized.
Increase the*welPage to 30 volts and check that current

for the twg balance point settings fall within the limits
stated below:

Amperes (6 = 75°) /
Setfings Volts
Imin Imax
ZIR = 7.56 30 3.89 4,05
7SR = 2.64 30 11.1 11.06
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7 To determine the limits of current when 6 is nct equal to

multiply the nominal values ftabulated aboeve by the rati

sin ©

Indicating Contactor Switch (ICS) ¢

Close the rniain relay contacts and pass sufficient & %ent
through the trip circuit to close the contacts of t . This

value of current should be not less than 1.0 amper greater than
1.2 amperes for the 1 ampere ICS The current sho ct be greater

than the particular ICS tap oettlnb being used 0.2-2. ampere
ICS. The operation indicator target should dr ely.
The contact gap should be approximately O. Ol r the O.

ampere unit and 0.070" for the 1 ampere unj ntween the brldging
moving contact and the adjustable station ntacts. The bridging

moving contact shculd touch both stati ntacts simultaneocusly.

Repalr work can be done most satisft ortly at the factory. However,
interchangeable parts can be furni e o the customers who are
equipped for doing repair viork. ordering parts, always give

the coumplete nameplate data.

g
S

L 4

Q
o
¥

-17-



NOMENCLATURE I'OR RELAY TYPE KD-3

ITENM DESCRIFTION
1
!
ZIR ; Two Element-Coils 1n Long Reach Circuit;
@ Total d.c. resistance = 127 ohms.
L,
ZSR Two Element-Coils in Shcrt Reach uit;
| Total d.c. resistance = 219 oh
Rp 2 Inch Resistor 355 Ohms Fixe
Rop & Rog 2 Inch Resistor 600 Ohms A% e. ‘
CAP 4 MFD Capacitor FParallel scted.
Ccs 1.5 MFD Capacitor Seri nnected.
X Variable Reactor. 6
Ty Compensator (Pri s -1.3; 1.74;
2.4 3.3; 4.5; 6.8y .
Tc Compensator (& Taps - .37; 1.16;
1.0; 2.2; 3.0; 2; 5.8).
Sp & Sc¢ Auto-tr Primary (Taps - 1; 2; 3)
Mp & Mg

Auto- ormer Secondary (Between Taps -
0.0; .Q3;%006; .06).
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SA&MA

Sc & M¢

(FRONT VIEW)

(REAR VIEW)

Fig. 1 Type KD-3 Relay Without Case
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Fig. 11 Type KD-3 Relay Burden Data
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Fig. 13 Outline-Drilling Plan for Type KD-3 Relay in FT 31 Case.
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