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"7 7 TYPES KD AND KD-1 RELAYS_
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'CAUTION: Before putting protective relays into ser-
vice make sure that ail moving parts operate freely,
inspeet the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections. '

APPLICATION

The type KD 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 type KD-1 relay, (Figure 1), is similar to the

KD relay except that its characteristic impedance °

circle includes the origin. This relay is applied as a
third zone of protection in pilot relaying schemes but

it may also be used for time delay tripping in straight

distance relaying.

Both the KD and KD-1 are availahble with indicat-
ing contactor switches with gither a 1 ampere or a
0.2/2.0 ampere rating. The 1 ampere rating is recom-

mended for all directional comparison applications

and for most distance relaying applications. The
0.2/2.0 ampere rating is recommended for distance
relaying where 2 lockout relay is energized or where
a high impedance auxiliary tripping relay is utilized.

Refer fo LL. 41-91] for a description of how KD
& KD-1 relays are used in directional comparison
blocking systems.

For time-distance applications the KD & KD-1
relays are used with either the TD-2 a-c current-
operated timer, or with the TD-4 d-c transistorized
timer. Seer Figs. 17 and 18 for the external schematics
for 3 zone protection, using the TD-2 and TD-4 re-
lays, respectively. For further discussionsee ‘‘Ex-
ternal Connections.”

- Use fault detectors to supervise the trip cirenit
for those applications where the relays can be de-
energized without attendant opening of the 52a con-

tact. Otherwise undesired tripping ocecurs. A 5#18783935 -

three unit SC Relay (2-8 amperes) in the type FT32

case or & S5288B7I14A18 three unit ITH Relay (4-8

amperes) in the type FT11 case is recommended.

CONSTRUCTION

The types KD and KD-1 relays each consist of

four single air gap {ransformers (compensators), three
tapped auto-transformers, two cylinder type operating
units, and an ICS indieating contactor switch. The
XD relay also contains an adjustable reactor not
used in the KD-1.

Coempensaoter’

The compensators Which are designated T, Ta.
Tg, and T are two-winding air-gap transformers
(Figure 2). The primary, or current winding, has
seven taps which terminate at the tap block, (Fip-
ure 3). They are marked .87, 1.16, 1.6, 2.2, 3.0, 4.9,
and 5.8, Current flowing through the primary coil
provides an MMF which produces magnetic lines of
flux in the core. '

A voltage is induced in the secondary which is
proporticnal to the primary tap and current magnitude,
This preportionality is established by the eross sec-
tionzl 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-
portionzality 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 propor-
tional to the.line current is subiracted vectoriaily
from the relay terminal voltage. The second section
is' connected to an adjustable loading resistor and

. provides a means of adjusting the phase angle rela-

tion between primary current and the induced second-
ary voltage. The phasé angle may be set for any value
between 60° and 80° by adjusting the resistor be-
tween its minimum and maximum values respectively
or for 89° by open circuiting the resistor. The factory
setting is for a maximum torgue angle of 75° cumrent

lagging volthge.

Avto-Transformer

The auntc-iransformer has three taps on its main
winding, 8, which are numbered 1. 2, and 2 nn the
tap block. A tertiary winding M hes four faps whict
may be connected additively or sufu;acm B3 L

versely medify the 8 setting by any vaius fror -15
+ 15 percent in steps of 3 percent.

The sign of M is negative when the R lead iz
above the L lead. M is positive wnen L is in = tap

W
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location which is above the tap location of i:he R

LAMINATED lead, Th_e M setting is determined by the sum of per
PRIMARY CORE unit values between the R and L lead, The actual per
SECONDARY :am: :ra:tgesot;m;}; a:rf:agson the tap plate between

AIR GAP P 0% 00, and .Uk

The auto-trensformer makes it possible to expand

LRAL ALY
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of'—lé-f—-ﬁ. Therefore, any relay ohm setting can

be made within +1.5 percent from 0.75 ohms to 20
ohms by combining the compensator taps T, Ta, Tg,
and T¢ with the auto- transformer taps 5 and M, Sa
and Mg, and S¢ and Mc..

Tripping Unit
The device which acts to initiate tripping is a
four-pole cylinder unit which is connected open delta

tact-closing torque is produced by the unit when the
voliage applied to its t_ermiﬁals 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 relay, Contact-opening torque is
produced when positive-phase sequence voltages are
applied. Hence, the cylinder unit has restraint or

Fig. 2, Comperisotor Construction.
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operating torque as determmed by the phase sequence
of the voltages apphed to its terminals,
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the basic range (T = 0.87 to 5.8 chms) hy a\multlpller '

and operates as a three-phase induction motor. Con-
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Mechanically, the cylinder unit is composed of
four basic components: & die-cast aluminum frame,
an electromagnet, & 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
locking nut. In the KD relay only, the core of the _

three-phase (lower) unit is secored to the frame by a
spring and snap ring. This is an adjustable core
which has a .D25 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. In the KD-1 relay only, the
three-phase (lower) mnit has a single turn of heavy
wire around one of its poles. This single turn carries
the compensator primary current and provides a means
of obtaining contact closing torque with cutrent only.
Locating pins on the electromagnet are used to ac-
curately position the lower pin bearing, which is
mounted on the frame, with respect to the upper pin
bearing, which is threaded into the bridge. The elect-
romagnet is secured to. the frame by four mounting
SCrews. 1

The moving element assembly consists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to & molded hub which holds the
shaft. The hub fo which the moving-contact arm is
clamped has a wedge-and-cam construction, to pro-
vide low-bounce contact action. A casuval inspection
of the assembly might lead one fo think that the con-
tact arm bracket does not clamp on the hub as tighily
2s it should. However, this adjustment is accurately
made at the factory and is locked in place with 2 lock
nut and should not be changed.

Optimom contact action is obtained when & force
of 4 to 10 grams pressure applied to the face of the
moving contact will make the arm slip one-fourth of
its total free travel. Free travel is the angle through
which the hub will slip from the condition of.reset to
the point where the clamp projection begins to ride up
on the wedge., The free travel can vary between 15C
to 20°.

The shaft has removable top and bottom jewel
bearing. The shaft rides between the bottom pin
bearing and the upper pin bearing which is adjusted

to .025 inch from the top of the shaft bearing. The
cylinder rotates in an air gap formed by the electro-
magnet and the magnetic core.

The bhridge 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 contaet housing. ‘This
stationary contact has .002 to .006 inch follow which
is set al the factory by means of the adjusting screw.
After the adjustment is made the screw is sealed in
position with a material which flows around the

threads and then solidifies. The stationary contact

housing is held in position by & spring type clamp.
The spring adjuster is located on the nnderside of the
bridge and is attached to the moving contact arm by a
spiral spring. The spring adjuster is also held in
rplace by & spring type clamp.

When the contzecis close, the electrical connec- .
tien is made through the stationary contact housing
clamp, to the moving contact, through the spiral
spring and out to the spring adjuster c}amp.

Indicoting Contoctar Switeh Unit {1C5)

The indicating contacter switch is a small d-¢
operaied clapper type device. A magnetic armature,
to which the leaf-spring mounted contacts are attach- .
ed, is atiracted to the magnetic core upon energiza-
tion of the switch. When the switch closes, the moving
contacts bridge two stationary contacts, completing
the trip circuitl. Also during this operation two fingers
on the armature deflect a2 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 2 push rod located at the bottom of the cover.

The frontlspring. in addition to holﬁing the target,
provides restraint for the armmature and thus controls
the pickup value of the switch.

OPERATION

Each KD or KD-1relay has two major components
compensators and tripping units. In the internal
schematics of Figs. 4 & § the compensators are des-
ignated T, Ta, Tp and T the tripping units, Z
(3¢) & Z (@@). The phase-to-phase unit Z (PP) oper-
ates for zll combinations of phase-io-phase faults
(phase 1-2, 2-3 & 3-1). The 3 phase unit Z (3f) oper-
ates for 3 phase faults and for close-in twe-phase-to-
ground faults, salthough most two-phase-to-ground
faunlts are cleared by operafion of the phase-to-phase -

~unit. Each of the tripping units ang its asspciated

compensator circuit are electrically separate, and will

CLL. 41491H
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row be considered successively,

Three Phose Unit

A single compensator T has its primary enersized
with (I1 — 3Ip) current in Fig. 17. Current I1 is the
phase 1 current; 3Ig is the residual current. There are
three compensators shown — one for each of the three
zones.One connection uses an auxiliary currenttrans-

former o insert the 3Ip compenent. The alternate con- -

nection supplies the compensator primaries with
(=13 — I3). Simce Iy + Iy + Ig = 3Ig, (I1 —3ig) =
( —Iz —1I3). (Currents I, I3 and Ig are the phase cur-
rents.) Accordingly, the alternate connection is
equivalent to the first arrangement. Note that relay
21-3, a type KD-1, also has a current winding 2. This
winding is wound on the tripping unit so that the R-X
diagram circle includes ‘the origin, as explained
under ‘“Characteristics.?’

As shown in Fig. 17, the T compensator secondary

is connected to modify the phase 1 voltage. With a

fault in the trip direction, the incfuced voltage in the
compensator secondary bucks the phase 1 voltage.

Vector diagrams in Fig. 6 illustrate the operation
during’ 3 phase faults at four locations. The system
Impedance and the compensator angle are assumed
to be at 907 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 tudng the fault. This
triangle is modified by the compensator voltage,
=1, Z¢, where ZC is the compensator mutual imped-
ance. The terminals of the {ripping unit are designat-
ed: X, Y & Z. Phase 1 tripping unit voltage is:

Vx = Vi —~ IZp

Phase 2 and phase 3 tripping unit voltages are:
Vy =V
Vo = V3

For a fault at A, beyond the relay operating zone,
the compensator voltage, —I 12, modifies the phase 1
veltage, reducing the voltage triatigle on the tripping
unit to X-Y-Z With an X-¥-Z rotation the tripping
© unit torque is in the restraining direction.

For a fault at B, the current is larger than for a
fault at _A, so that —I1Zc is larger. The point X is
in line with points ¥ & Z. No torque is produced,
* since the X-Y-Z triangle has a zero area.

For a fault in the operating zone, such as at C,
point X is below the YZ line. Now the rotation is

X-Z-Y, which produces operating torgue.

For 2 fault behind the relay at D, restraining tor-
gue is produced. Since the fault is behind the relay
the current is of reversed polarity. Compensator

- voltage, —I1Z¢, increases the area of the hus voltage

triangle, 1-2-3. Tripping unit voltage has an X—Y—
rotation which produces restraining torgue.

A solid 3 phase fault at the relay location, tends
to completely collapse the 1-2-3 voltage triangle, The °
area of the X-¥-Z triangle also tends to be zero under
these conditions. A memory circuit in the KD relay

- provides momentary operating torque under these comn-

ditions, for an interal faglt. In the KD-1 relay the
coil Z in the current eircuit, in conjunction with the
compensator voltage, produces a current only torque,
which maintains cperating torque under the condition
of zero potential,

The Ry and Cq 4 series resistor-capaciter com-
bination in the compensated phase corrects for a
shift in the phase-angle relation betveen the voltage
across the left hand coils of Z (3@) and the voltage
across the right hand coils of Z (3f), in figures 4 and
5. This phase shift is produced by capaciter Cgo The
Rp—Cga combination also provides control of trans-
ients in the inductive coils of the cylinder unit.

A small variable reactor X is used, in the XD re-
lay only, to compensate for variations in other com-
ponents and assists the Ry and Cgpa combination to
correct the phase-angle relations. The reactor has
two coils which maybe connected inthe factory either
in series or in parallel for stepped adjustment. A
screw type core is utilized for changing an internal
gir gap to produce a continuous adjus;tment.

Phose-to-Phase Uruf

Compensator primaries of Ta, TB and Te are
energized by I3, Iz and I3, respectively, 25 shown in
Flg 17. Nine compensators are shown, three for each
zone, Compensator secondaries are connected to modi-
fy their respective phase voltages (e.g. T A medifies
V). With a fanlt in the trip direction, the induced
voltages in the compensator secondaries buck the
phase voltages.

Vector diagrams in Fig. .7 illustrate the operation
during phase 2-3 faults at four locations. The system
impedances and the compensator angle are assumed
to be at 900, for illustrative purposes. Prefault vol-
tages are depicted by the large triangles. The smaller
dashed triangle in each case is the system voltages
at the relay location during the fault. This triangle
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Type KD and KD-1 Relay.

is modified by the compensator voltages, —I1Zc,
—I3Zc, and —I3Z¢, where Z¢ is the compensator
mutual impedance. In this case I] = 0, so that only
rhase 2 and 3 volteges are modified. The terminals

of the tripping unit are designated; X, Y and Z. -

Phase 1tripping unit voltage is:
Vx=V1-IiZ20c =V
Phase 2 tripping unit voltage is:
| Vy = V3 - I2dc

Phase 3 tripping unit voltage is:

Vz = V3 — I3Zc

For 2 fault at_4, in Fig. 7, beyond the relay oper-

ating zone, the compensator voltages reduce the 1-2-3
triangle to the X-Y-Z triangle. A triangle of this rota-
ticn produces restraining torque.

For a fault at B, the compensator voltages are
larger, since the cuament is larger than it is for the
tault at A. Points Y & Z coincide and the area of the

. X-¥-Z triangle is zero. No torque is produced.

For & fault in the operating zone, such as at C,

the compensation reverses the rotatlon to X-Z-Y. N

Operating torgue is produced.

For a fault behind the relay at D, restraining torque
is produced. Since the fault is behind the relay, the

current is of reversed polarity. Compensator voliages

increase the area of the 1-2-3 triangle. Tripping unit
voltage has an X-Y-Z rotation. This rotation produces
restraining torgue.

. Impedance Curves for Type KD ond KD-1 Reloys.

Ry
&
v.]

Note that this unit does not require memory action,
since the sound-phase voltage reacts with the com-
pensator voltages to produce a strong restraining or a
strong ‘operating torgue, depending upon the fault
locaticfl. This is true even for 2 complete collapse of
the fanlted phase-to-phase voltage, o

Bimilar veector diagrams apply for a fault between
phases 1 & 2 or between phases 3 & 1. The phase-
to-phase unit is identical in the KD & KD-1 relays.
Each of the three phase-to-phase fanlt combinations
subjects the cylinder unit fo a different but similar
set of conditions. In order for the phase-to-phase unit
to have the same reach for all phase-to-phase faulis,
particularly ai low balance-point voltages, it is
necessary that the impedance angles of the three cir-
cuits from the reley terminals 7, 8 & & to the common
connection for Z (#g) and Ry be the same. (See Figs.
4 & 5.) This requirement is fulfilled by the factory

edjustment of resistors RM 2 and RMC' This balance

1s maintained when 8 tap 2 or 3 is used by virtue of
the balancing resistor RB in the phase 2 voltage
circuit.

CHARACTERISTICS

Distonee Charocteristic — Phose-To-Phose Unit

This unit responds to all phase-to-rhase fanlis
and mosi two-phase-to-ground fau'-te It does ncs
respond to load current, {synchronining rureos. - -
out-of-step conditions. While =z characu:n:ur ﬂw'h
can be plotted for this unit on the R-X cdingr — v
shown in Figure 8, such 2 charzcteristic.cirele hes
no significance except in the first ouadrant where
resistance and reactance vajurs e macitive 2 q-—'a
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portion of the fourth quadrant, invelving positive re-
sistance values and negative reactance values, could
have some significance in the event that the trans-
mission line includes a series capacitor. The portion

of the circle in the first quadrant is of interest be-'

cause it describes what the relay will do when arc
resistance 1s involved in the fault. The phase-to-

phase unit operating on an actnal transmission sys-

‘tem is inherently directional and no separate direc-
tional unit is required.

An inspection of Figure 8 indicates that the circle
of the phase-to-phase unit is dependent on source
impedance Zg. However, the circle always goes
through the line balance point impedance. The reach
at the compensator (and line) angle is constant,

regardless of the system source impedance. The

broadening out of the characteristic circle with a
relatively high source impedance gi'ves the phase-to-
phase unit the advantageous characteristic that for
short lines, it makes a greater allowance for resist-
ance in the fault. Stated another way, the characteris-
tics approach that of a reactance relay more and more
closely as the line being protected becomes shorter
and shorter with respect to the source impedance back
of the relaying location.

Sensitivity: Phose-to-Phase Unit

A plot of relay reach, in percent of tap block set-.

" ting, versus relay terminal voltage is shown in Figure
5. The unit will operate with the correct. directional
sense for zere voltage phase-to-phase faults. For this
cendition the fault current must be not less than 0.015
relay amperes with an ohm setting of 5.8 with rated
voltage on the unfaulied phase. Pick up current is

proportionately higher in 8 = 2'and S = 3 taps.

The KD relay may be set without regard to possible
overreach due to d-¢ transients. Compensators basic-
ally are insensitive fo d-c transients which attend
faults on high-angle systems. The long time-constant
of a high-angle system provides a minimum rate of
change in flux-producing transient current with re-
spect‘ to time, and therefore induces a minimum of
uni-directional voltage in the secondary. Asymetn-
cal currents resulting from faults on low-angle sys-
tems having a short time constant can induce con-
siderable voltage in the secondary, but for the first
balf cycle, the transient-derived voltage subtracts
from the steady-staie value. This transient decays
so rapidly that it is insignificant during the second
half cycle when it adds to the steady-state value.

"Distance Charocteristic = KD, 3 Phase Unit

The three-phase unit has a chearacteristic circle
which passes through the origin as shown in Figure
10. This ecircle 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 10}which passes
through the origin., However, since the Y¥Z voitage
also drops f{o 2ero, the relay would be unable to
determine whether an internal or extemnal fault exist-
ed. 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

—RADIUS=+Z, &
\

OFFSET»Z, |&

R*X CHARACTERISTIC

ACTUAL 3

FEACH Y58 OHMS
——TAP

SETTING

Reaca- | R
—TAP j HE
SETTING

1854346

#Ig. 10. Impedance Cl'rcfe.for Three-Phuse Unit in Type
KD Relay.

10

Fig. 11. Impedonce Circle for Three-Phase Unit in Type
KD-1 Relay. i

v
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Fig. 12. Ty;;icul Operating Time Curves of Type KD Reley. Normal voltage before the fault is 120 volts.

giving a reference voltage to determine whether the
fault is inside the protected line section or behind
the relay.

Sall'lsiﬁvii'y ~ KD, 3 Phaose Unit

The impedance curve for the KD three-phase unit
is shown in Figure 9.

‘The unit will operate with the correct directional
sense for zero voltage three-phase faults when normal

voltage exists at the relay terminals prior to the fanlt.

This operation occurs due to memory action as de-
scribed above. The unit will have zero torque or per-
haps a slight opening torque if there is zero voltage
at the relay prior to-the faunlt or afier the memory
action has subsided. With an impedance setting of

5.8 ohms the three-phase unit wil} directionally opera-

~ te for fanlts which produce 2 volts line to line and

1.0 ampere at the relay terminals.
Sensitivity with 2 volts line-to-line for any tap
is defined by the following equation: :

5.8
=——alnperes
T

The KD relay may be set withoui regar? o pos-

" sible overreach due to d-c transients.

Distanee Charceteristic: KD-1 3 Phase Unit

The three-phase unit of the KD-1 relay has a
characteristic circle which includes the origin as

e
——t
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shown in Figure 11, The reverse reach of this unit
varies from 0.11 ohms for a T setting of .87 to 0.13
ohms for a T setting of 5.8. The forward reach of the
unit varies from 102 percent of tap value for 2 T set-
ting of 5.8 and 75 degrees to 120 percent of tap value
at 95 degrees for & T setting of .87. Figure 11 com-
pares the KD and KD-1 reach for identical settings.

The KD circles are dashed. The maximum torque angle

is set for 75 degrees while T is set at 5.8.

A single turn current coil on the cylinder unit
_provides for current-only torgue and is small com-
pared to the many turns of the 5.8 setting of the
compensator and has very little influence on the
overall settings. However, as the compensaior set-
ting is reduced, the single tum current coil becomes
larger by comparison and has more and more effect
on the overall settings. :
Sensitivity: KD-1 3 Phase Unit

The impedance curve for the KD-1 three-phase
nnit is shown in Figure 9. This unit will operate ip
close the left hand contact on current only for 3 or

- more amperes relay curreit with T set for 5.8 and for
. 7.5 amperes or more with T set for .87,

General Chorocteristics

Impedance settings in ohms reach can be made
for any value from .75 ohms to 20 chms in steps of 3
percent. The maximum torgue angle, which is set for
75 degrees at the factory, may be set for any value
from 60 degrees to 80 degrees. A change in maximum
torque angle will produce a slight change in reach for
' any given setting of the relay. Referring to Fig. 2
note that the compensator secondary voltage output
V, is largest when V leads the primary cuorrent, I, by
90°. This 90° relationship is approached, if the com-
" pensator loading resistor (Rg, Ros, Rgp or Rop) is
open-circuited. The effect of the loading resistor,
when conmnected, is to produce an internal drop in
the compensator, which is out-of-phase with the in-
duced voltage, IT, IT,4, ITg or ITc: Thus the net
voltage, V, is phase-shifted to change the compen-
sator maximum torgue angle. As & result of this phase
shift the magnitude of V is rednced, as shown in Fig.
5. .

Tap markings in Fig. 3 are based uponr a 750 com-
pensator angie setting. If the resistors Ry, Raa, Rop
and Rye are adjusted for some other maximum torque
angle the nominal reach is different than indicated
by the taps. The reach, Zg, varies with the maximum

torque angle, 6, as follows:
' __Tssing
(1+M) sin 759
TAP PLATE MARKINGS
(T, TA, TR, and T¢)

.87 1.16 1.6 2.2 3.0 4.2 5.8

(S, Sa. Sc. RR)
1 2 3

(M. Ma, M)

+ Values between taps .03 .06 .08

TIME CURVES AND BURDEN DATA

Operating Time

The speed of operatioﬁ for the KD relay three-

' phase and phase-to-phase units is shovn by the time

curves in Figure 12. The curves indicate the tire in
in milliseconds reaquired for the relay to close its
contacts for tripping efter the inception of a fault at
any point on 2 line within the relay setting.

Figure 13 and Figure i4 show the KD-1 operating
time of the phase-to-phase unit and the three-phase
unit respectively. These curves show both contact-

opening time and contact-ciosing time for faults -

within the relay setting.

" Corrent Circuit Ruﬁng in Amperes

Tap Setting Continuous 1 Second
§=]1 £5=2 5=3
5.8 5.0 8.5 8.5 240
4.2 6. 10. 10. 240
3.0 - B.0 10. i0. : 240
2.2 10. 10, 10, 240
1.8 10.  10. 10 240
. 1.16 10. . 10. 10. 240
0.87 10. 10, 10. - 240
Burden

The burden which the relays impose upon poten-
tial angd current transformers in esch phase is shown
by Figure 15 and Figure 16 for the KD and KD-1 re-
lays respectively. The potential burden and bhurden
phase angle are based on 69 yolts line-to-nmeutral an-

> plied to the relay terminals.

Trip Circuit Constants

1 ampere rating: 0.1
0.2/2.0 ampere rating: 0.5 1ar — £.5 ohrs
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Fig. 15. Type KD Relay Burden Data.
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SETTING CALCULATIONS

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

T, Ta, Tg and Ta

.871.16 1.6 2.23.0 4.2 5.8

S, S5, Rp and Bp
1 2 3

M. Ma, Mo
.03 .06 .06

{Values between taps)

Maximum torque angle is set for 75° (current lag- -

ging voltage) in the factory. This adjustmeént need not
be disturbed for line angles of 659 or higher. For line
angles below 659, set for a 602 maximur torque
angle, by adjusting R3, R2 A’ RzB and ch. Set zone
1 reach to be 90% of the line (85% for line angles of
less than 509},

Calculations for setting the KD and KD-1 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:

(Sin 6) 0.9 Re
20 =2 ) oz
S eey - P TR,

The terms used in this formula are defined as follows:

Zg = the desired ohmic reach of the relay in
secondary ohms.
TS L
T
compensator tap value

= the tap plate setting.

Auto-transformer primary tap'value

@ w9 N
'n

Maximum torgue ai'lgle setting of the relay.
Sin € _
Sin 750

‘(For a factory setting of 750 then 1)
M = Auto-transformer secondary tap value.

(This is a Per Unit value and is determined by

by the sum of the values befween the “I,*’ 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).

Zpyi = ohms per phase of the total line section

16

0.9 =the portion of the total line for which the re-
lay is set. -

R, = current transformer ratio

Rv = potential transformer ratio

" The following procedure should be followed in
order to obtain an optimum setting of the relay.

1. Select the lowest tap S which gives a product

. § 0
of 6.9 S greater than Z where Z = Zg 50 190
: _ (sin @ ).
2. Select a value for T that is nearest the value -
2
5

3. ‘Determine the valve of M that will most néa.rly
TS
make M =" 1. If the sign is negative, then

the M taps are éonnected with the R lead above
the L lead to Raise the setting. '

For exa.mgle, assume the desired reach.' 20 of the

relay is 7 ohms al 60 degrees, Then Z = 7 x 1.11 =
7.8 ohms. - .

1. The lowest tap 8 for 6.9 § greater than 7.8 is ‘
5=2 _ _
Set 8, 54 , Ry, and 5 in tap 2.

2. T nearest tolé-a-; 3.9 is 4.2 ohms
SetT, T A TB and TC in tap 4.2

3. M= %—:——1 = 1075 ~— 1 =.075 (Use M = .09)
Set M, MA and Mc fOT-i--DQ.

) _42x2
4, ThEﬂZ—(ms-) = 1.7 ohms

. Sin
5. Zg=Z (Sin_7655) = 6.9 relay ohms at a maximum

torque angle setting of 60 degrees which is
88.6% of the desired value,

6. Set R3, Rga, Rop and Rag for 600 maximum tor-
que angle,

"SETTING THE RELAY

The KD and KD-1 relays require settings for each
of the four compensators (T, T A» T, and T, each
of the three auto-transformers, primaries (5, Sa, and



L.L, 41-491H

Anjoy Bupwgy 7-gf adAy s sAojay (g3 dUO pub gy adA } om | jo 31lRWaYsg __n:..m.xm..h._. Bl %

TYPES KD AND KD-1 RELAYS

TQTE6RE

. et +1, ) £ 04 .
wea we s P gRnei g g e —o kel At | tawan ae a3k viiaan) L1
LOVINGD XY CWRB - @ 1 ¥z 2 1 555 ¢z 1z &3 " 24
.“u.m.F::uEu wiNod - I8 = 'r
Al e e e e — [ o 1Y
YN ONINIL - E =GR TR TR : e
, 308 3dil - “L*2 XY LB
AYIIN 36YHd € 30T - E-12 . . : .
an 3L - Ok g——p W Ay Ko —o kA racot e l51
i 4 g AL 91y Al
ANI3Y J5VH4 2 3N0Z - Z-12 z e g@ i, L e
an JAL oY l—Ara Fo— -o\m o—
VI3 3V 1 W07 - i1 5 U g8
y y h ZzZZ
1avND a3mN 301434 ST %&ml%.x.qﬁt . 0| zz
Xl 1 Z-iz i YL -tz Puw
: -+
WL A8 43140020 CHRES] 102 3 4 SIYNINNAD) SiDVLKOD € 3NoZ 1 N0z o4
103443 341 K1 33¥74 JHYS 141 IV (01 1 0 SNLKHIL) q oy e T
S19YINQ3 2t 13INNOT'R41LIIE Q3LN00 INLMIHLIN WAGHS SHOTIITNNGI T avwiTd *Z m_%EEm 30NuLsia g LND anvie o8 E
AY13Y [-0) 40 91 oMY 61 . {ag)z LBtz V14 inglz (gglz 3
‘91 ANV LT ‘N1 ARY 61 ‘Z1 dNY €1 STYNINEIE 01 SHOI1IINNOD IGUIAIY °} . i z
WOILO3810 ONidai8] 035WIATY € IN0Z W03 44 . vyl % : : M
- i
’ 93N | . 3
“3°0°h 05T - ooy GRS S UKYSD Y20 Hg AW T2 _qnu._. . : 2oy .m_
20 HHD 000R) © T WoiSINAans ‘i3 diaL P % q
"30A AZT - WHO 050 o ld nanM LVLNOD E2S3n- 4 i b
5°Q°h Bh - HHD O el paeT 2
— 3
{ 1
| mw 1
] T 3ANOZ
e s m_m«m ' qu
“ Ly N 1INN ECVE
3DNYLSIO S1INN
| ] FINVLEI
| H Ay oAy
| u | )
] ;
_ T 6TeT T 6T el T
| & | L cp EBEE] £13) ER]EE[EE -
| © i ] A_._mu.., iz 2A Y |u , - n
b hgg)] e sa1 1A y . 2
bard wit _un nm g _amv Smw'muu " oon o o
| i . 4 ] Pidn Sohglpt- I B
P aaaT T e o v
L e
| &L & TS £ $ - -
| BT C | 2 ] + ~—
(. gy apyy + ——"50d I - '
T Y I 3oz, T dwo: 08 4wk oca £'2°F NOILYIOH 2SVHE SNE HOILVLS




TYPES KD AND KD-1 RELAYS

S and secondaries (M, Ma, and Mg), and the bal-
ancing resistor Rp which shouid be set at the same
value as Sp and Sc¢. 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.

Compensotor (T, Ty, Ty, and Tg)

Each set of compensator taps terminate in inserts
which are grouped on a socket and form approximate-
ly three gquarters of a circle around a center insert
which is the common connection for all of the taps.
Electrical connections between common insert and
tap inserts are made with a link that is held in place
with {wo connector screws, one in the common and
one in the tap. ‘

A compensator tap setting is made by loosening
the connector screw in the center. Remove the con-
nector screw in the tap end of the link, swing the
link around until it is in position over the insert for
the desired tap setting, replace the connector screw
to bind the link to this insert, and retighten the con-
nectdr 'screw in the center. Since the link and con-

nector screws carry operating current, be sure that

the screws are turned to bind snugly.

Auto-Tronsformer P‘rimufy (5, Sp, ond S¢)

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

An “'8’' setting is made by removing the connec-
tor screw, placing the connector in position over the
insert of the desired setting, replacing and tighten-
ing the connector screw. The connector should never
make electrical contact with more than one tap at a
time.’ '

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

Secondary tap connections are made through two
leads identified as L and R for each transformer.
These leads come out of the tap plate each through &
small hole, one on each side of the vertical row of
“M’’ tap imserts. The lead connectors are held in
place on the proper tap by connector screws.

Values for which an ‘‘M’’ setting can he made are
from —,15 to +.15 in steps of .03, The value of 2 set-
ting is the sum of the numbers that are crossed when

- zoing from the R lead position to the L lead position
The sign of the “'M* value is determined by which
iead is in the higher position on the tap plate. The

sign is pesitive (+) if the L lead is higher and nega-
tive (—) 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” valne. Neither lead connector.. ...

should make electrical contact with more than one tap

at a time.
Tahulated Settings
‘ 2750 M L Liead R Lead
0.87 TS +.15 Upper .06 0
0.8 TS +.12 Upper .06 03
0.92 TS +.09 °  Lower .08 - 0
0.94 T8 + .06 Upper .06 Lower .06
0.97 T8 +.03 .03 . 0
TS 0 0 0
1.03 TS -03 0 .03
1.06 TS -.06 Lower .06 Upner .06
, L1 T8 . —.09 4] Lower .06
L14TS —.12 .03 Upper .06
1.18'TS —.15 ¢ Uvpper .06

Rp Settings

Rp iz a circuit balancing resistor for the phase-
to-phase unit. The Rp tap setting should be the same
as 8 and S¢ settings. :

Line Angle Adjustment

Maximum torgue angle is set for 759 (current lag-
ging voliage) In the factory. This adjustment need
not be disturbed for line angles of 65° or higher. For
line angles below 650, sef for a 60° maximum torque
angle by adjusting the compensator loading resistors
Rg, Roa, Rog and Rpe Refer to repair calibration
parts I (C) and II (B), when a change in maximum
torque angle is desired.

Indicating Contactor Switch (ICS)

No setting is Ifequired' for relays with a 1.0 ampere
unit. For rélays with a 0.2/2.0 ampere unit, connect
the lead located in front of the tap block to the de-
sired 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
uze a Type WL relay with a 5#304C209G01 ceil, or

. equivalent,
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Fig. 21 A.C. Externo! Schematic of Two Type KD & One KD.1 Relay with Type TD-2 Trmrng Relay - Wye Delto Bank

Termingtion with Delta on Relay Side.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in 2 location free from dirt,
moisture, excessive vibration and heat. Mount the re-
lay vertically be 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 elec-
trical connections may be made directly to the termi-
nals 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 re-
maoved or inserted by locking two nuts orn the stud
and then turning the proper nut with a wrench.

For detail information on the FT case refer to
11, 41-0%6.

EXTERNAL CONNECTIONS

Fig. 17 shows the connections for 3 zone pro-

‘tection utlizing the TD-2 timer. Fig. 18 is similar to

Fig. 17 except that thé TD-4 timer is used instead of

' the TD-2. Fig. 18 does not show the use of the 5/5
. anxiliary eurrent transformer s0 that the CT neuatral

may be formed elsewhere; ho{nrever this connection
is equally applicabie whether the TD-2° or TD-4 timer

is employ ed.

A-C connecticns for additionsl app]ications are
shown in Figs. 18, 20, 21, 22 and 23. Three of these,
Figs. 19, 20 and 21 apply when the transmission line
is terminated in a power transformer, and when lbv:
side veltage and current are used to energize the re-
lays. In calculating the reach settings, the pank im-
pedarice must be added to the line impedance.

For the case of a wye-delta bank (Figs. 20 and
21} the voltzges znd CUrrehts are phase-shifted by
30°®; however, this fact should be ignored, as the KD
and KD-1 relays are not affected by this phase shift.

Use the connecticns of Fig. 22w hen the Z.-is

less than 0.75 ohms. The 2 to 1 'or 3 to 1 auxiliary
current transformers reduce the relay currenti. In ef-
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fect, the main current transformer ratio is increased
by a factor of two or three. Using the 2 to 1 ratio,
the relay minimum reach setting is 0.375 ohms; with
the 3 to 1 ratio the minimum setting is 0.25 chms.

Fig. 23 shows a KXD-1and TD-2 relay connected
for generator back-up protection.

Figs. 19 through 23 show the TD-2 relay; how-
ever, the TD-4 is equally applicable. In the case of
Figs. 20, 21 and 23 the two S#¥234A240G07 auxiliary
CTIS are not required if the TD-4 is used.

SWITCHBOARD TESTING WITH KD AND
7 KD-1 RELAYS

- Immedistely prior to placing the relajs in ser- -

vice, the external wiring can be checked by manip-
ulating the cwrent end voltage applied to the relay.
1f such a check is desired, refer to Appendix I for the
procedure,

RECEIVING ACCEPTANCE

KD and KD-1 relays have a very small number of
moving parts and mechanical devices which might be
come inoperative. Acceptance tests in general con-
sist of: ' :

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

2. An electrical test to make certain that the relsy
measures the balancepoint. impedan ce'_acc:urate-
ly.

Distance Units

Check the electrical response of the relay by
using the test connections shown in Figure 24, Set
T, Ty Tg & T for 5.8 8, S5, Sq. & Ry for 1;
*M, Ma, & M for + 0.15.

A. Use connections for Test No. 1 and adjust the
voltages Viggp and Vopgp for 30 volts each.

B. The current required to make the contacts
close for the three-phase (bottom) unit should
be between 3.44 and 3.6 amperes at the maxi-
mum-torque angie of 75 ° current lag. {Set phase
shifter fol 105° lag in Fig. 24)

C. Use connection for Test No. 5.

D, Adjust the voltage between PH.1 and 1F and

between PH.2 and 2F for 45 volts each so
that the resultant voltage VIFZF equals 30
volts. (120-45V-45V =30V)

E. The current remiired to make the contacts
close for the phase-to-phase (top unit should
*he between 2.85 and 3.14 amperes at an
angle of 75° current lag. )
F. Repeat E while using connections for Test
No. 6 and Test No. 7. The difference in values
of current that make the contacts close for
each of the three test connections should not
be preater than 3% of the smallest value.

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

Indicating Contoctor Switeh (I1CS)

Closethe main relay contacis and pass sufficient
d-¢ current through the trip circuit to close the con-
tacts of the ICS. This value of current should be not
less than 1.0 ampere nor greafer than 1.2 amperes for
the 1 ampere ICS. The current should not be greater

" than the particnlar ICS tap setting being used for the

0.2-2.0 ampere ICS. The operation indicator target
should drop freely.

The contact gap should be approximately 0.047"
for the 0.2/2.0 ampere unit and 0.070* for the 1.0
ampere unit between the bridging moving contact and
the adjusteble 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 zs may be dictated by ‘experience,
tc insure that the relays have retained their calibre-
tion and are in proper operating condition.

All contacts should be cleaned periodically. 4

_ contact burnisher #182A836H01 is recommended for

this purpose. The use of abrasive material for clesn-
ing contacts is not recommended becanse of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Distence Units.

CAUTION: Before making ‘*hi-pot" tests, jumper all
coniacts together to avoid destroying are-suppressor
capacitors.
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Use connections for tests 1, 5, 6 & 7 of Fig. 24
to check the reach of the relay, or use a K-Dar Test
unit for this purpose. When usjng test 1of Fig. 24 the
phase angle meter must be set for 30° more than the
maximum totque angle. Note that the impedance mea-

Vi-L
sured by the 3-phase unit in test 1 is Zp =/"3'.T

where VL-L is the phase-to-phase voltage and IL is
tie phase current; similarly, in tests 5, 6 & 7 of Fig.
Vi-L
24 the phase-to-phase unit measures ZR = ;‘
' L

Indicating Contoctor Switeh (ICS)

Close the main relay contacts and pass suffi-
cient d~c current through the trip circuoit 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 nsed
for the 0.2-2.0 ampere ICS. The operation indicator
target should drop freely.

REPAIR CALIBRATION

Use the following procedure for calibrating the re-
lay if the relay has been taken apart for repairs or the

adjustments disturbed.

Connect the relay for testing as shown in Figure
24. The four-pole-double-throw switch shown in the
test circuit selects the type of voliage condition, for
a phase-to-phase or a three-phase fault, that will be
epplied to the relay voltage terminals, The rotary
switch switches the faultvoltage 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

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

24

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

Autn!ruﬁsformer Check

Auto-transformers may be checked for tumns ratio
and polarity by using the No. 1 test connections of
Figure 24, and the procedure outlined below.

.Set 8, 85 and 8¢ on tap number 3. Set the “R"
leads of M, My, and Me all on 0.0 and disconnect all
the “L’' leads. Adjust the woltages Vipop a;ld
Vopgp foT 90 volts. Measure the veltage from terminal
8tc the #1tap of Sand S,. It should be 30 volts. From. 8
to the #2 tap of S and Sa should be 60 volts. The
voltage should read 30 velts from 8 to Sp=1and 80
volts from 8 to ¢ = 2.

Set 5, SA- and Sp on 1 and adjust V1F2F and
Vopgp for 100 volis. Measure the voltage drop from

-te;minal 8 to each of the M and the My taps. This

voltage should be equal to 100 (1 + the sum of values
between R and the tap being measured). Example:
100 (1+ .03 + .08) = 109 volts.

Check the taps of Mg m the same manner. Trans-
formers that have an output different from nominal by
more than 1.0 volt probably have been damaged and

- should be replaced.

Distence Unrit Calibration

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

T, Tp. Tp, and T seton 5.8

S 84 Rp, and Sgseton1

“R" for M, Mp, and M set on 0.0

“L*’ for M, M. and M set in the top position
(.03 + .06 + .06 =.15 between L. & R).

1. Three-Phase Unit

A. Reactor X (KD relay) or Resistor Ry (KD-1
relay)

The procedure outlined below will assure a proper
adjustment of the reactor. The reacior is adjusted to

"make the impedance angle of its own circuit equal to

the impedance angle of the compensator secondary’s
cireuit. .
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1. Connect the cireuits of terminals 7 and 9 in
parallel by disconnecting 1F from Brush No. 1
and connecting 1F to 3F in Figure 24,

2. Adjust Brush No. 2 for 105 volts between ter-
minals 8 and 9. Voltage is zero between 7 and
9 because of the parallel connection. (105 volts
is sufficiently high to detect small unbalanc-
ing -end not high enotigh to ¢ause saturation of
the reactor.)

3. Adjust X or Ry, for zero contact closing torgue
and a minimum of opening torgue. Excessive
opening torque tends to make the relay under
reach at low voltages.

4. The Eore adjustment should be checked after
any adjustment of X.

B. Core adjustment (KD relay only).

The lower cylinder unit of the KD relay contains
an adjustable core which is set at the factory to give
a biasing action that prevents contact closing on cor-
rent-only. This adjustment can be checked by passing
current in terminal 19 and out terminal 18. (The KD-1
relay is purposely biased to produced current-only con-.
tact-closing torque and will open its right hand con-
tact at a current value of 3 amperes when T= 5.8).

1. Open the selector switch to a neutral position
and short circoit terminals 7, 8 and 8 or 1gp
2p, and 3 in Figure 24,

2. Pass 5 amperes in the current circuit and in-
crease the current to 60 amperes in convenient
steps. Adjust the core so that no contact clos-
ing torque is produced for all values of current.
Do . not bias the unit more than is necessary
becanse excessive opening torque will tend to
make the relay under reach at low voltages.

3. The Reactor X adjustment s}vould be checked
after any change in core adjustment.

C. Maximumr torque angle adjustment.

1. Use the No. 1 test switch positions and lead
connections as tabulated in Figure 24.

2. Adjust the voltages VleF_ and V2F‘3F for 50
volts with Brush No. 1 and Brush Ne. 2 respec-

tively .

3. Adjust the current to 6 amperes and rotate the
phase shifter tofind the two angles, &) &nd &y,
at which the bottom unit contacts just close.

The maximum torque angle & for the three-

+ 6
phase unit then is ¢

— 30) degrees.

This angle should be between 73° and 76° for
2 nominal 75° adjustment. (Phase-shifter read-
ing of 103° to 106 ° in Fig. 24)
4. A smaller angle may be obtained by reducing
Rg, in which case the test current should be
6§ sin 75°
in @

increased by increasing RS'

equal to amperes. The angle may be

D. Contact Adjustment. -

KD Relay: With moving-contact armm against right-
hand backstop, screw the stationary contact in wniil
it just teuches the moving cantact. {Check for con-
tact by using an indiecator lamp.) Then back the ]efi-
hand contact. out two-thirds (2/3)of one turn to give
0.020-inch gap between contacts.

KD-1 Relay: With moving contact-arm against right
hand side of bridge, screw the right-hand contact in
to just touch the moving coniaci and then continue.
for one more complete turn. Adjust lefi-hand contact
as tdescribed above, except back off one and one-half
(1-1/2) turns to give approximately 0.047-inch gap.

-E. Spring Restraint: Reconnect for a three-phase
fenlt, Tesi No. I, and set the phase shifter so that the
current lags voltage by the meximum-torque angle.
(105° in Fig. 24) Adjust the spring so that the cur-
rent required to close the left-hand contact is gs fol-
lows:

Voliages VIFZF and “’21-“31? = 10 volts
Current to trip KD

1.27 amperes

Current to trp KD-1

1.2 amperes.

I1. Phase-tp-Phase Unit:

A. Rongh Adjustment of RNIA and Rye -

Set Rya to slightly iess than half the adjustable

range s0 that the adjustzble band is nearer the
center than the end.

1. Using connections for test =1 of Figure 24 ad-
just brush #1 so that Vipop = Vng = 0. Adjust
brush #2 for rated voltage across terminzls § &
9. Adjust Ry so thatthe contact floats or has =

minimum of torque. This is a rough adiustment
for making the impedance anzle of phase 1 to
be egual 1o impedance angle of phase 2,
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2. Using test #1 of Figure 24, adjust brush #2 so
that Vomgp = Vgg = 0. Adjust brush #1 for

rated voltage across terminals 7 & 9., Adjust
RyMc so that the contact fioats or has a mini-

mum of torgue. This is a rough adjustment for
making the impedance angle of phase 3 egual
to the impedance of phase 2.

B. Maximum torgue angle adjustment. Note that a
cbange in the maximum torque angle adjustment may
upset the calibration of the resistors Ry, and Ryc.

Therefore, the Rya and Ryp calibration should be

checked after any change in the maximum torgue
angle. If there is an indication that the Ryj4 and Ryc

adjustments should be changed due to 2 maximum tor-
que angle adjustment re-calibration can be accom-

plished by adjusting Ry only.

1. Use the No. 2 Test switch positions and lead
conriections. This comnection is for checking
and adjusting the maximum torgue angle of the
phase-1 compensator.

2. Adjust the voliage VIF‘ZF and V2F3F‘ for 50
-~ volts with Brush No. 1 and Brush No. 2 re-
spectively.

3. Adjust the current to 10 amperes and rotate
the phase =shifter to find two angles, 91 and
0o, at which the top unit contacts just close.
The maximum torque angle @ for the phase-to-

—61;—'62- — 30) degrees.

This anglé should be hetween 73° and 75° when re-

ceived from the factory.

phase unit then is ¢

4. The angle 8 can be changed by adjusting Roa.
In this case, the test current should be €qual to
10 sin'75°
sin @
gives a smaller angle and a higher resistance
value gives a greater angle.

amperes. A lower value of resistance

5. Usé the No. 3. Test connections and repeat
the procedures numbered 2, 3, and 4 to check

and adjust the angle of the phase-2 compen-
sators. Adjustments may be mads by varying
Rop- ‘

6. Use the No. 4 Test connections and repeat
the above procedure to check and adjust the
angle of the phase-3 compensator. This ad-
justment is made with Roe

. 26

C. RMA and RMC Calibration

These components serve the same purpose in the '
phase-to-phase unit circuit as the reactor ¥ does in
the 3-phase unit circuit. That is, Rya and Ryc are
adjusted so that their respective circuits have the
same impedance angle as the circuit of the tapped- -
adjustable resistor Rp. These adjustments can be
checked by simulating all three combinations of
phase-to-phase faults, 1-2, 2-3 and 3-1, as shown in
the test cirenit Figure 24, Each value of current re-
quired to trip the top cylinder unit for each of the
three conditions shonld be within 2% of the other two
values when the circuits have been allowed to warm
up with normal voltage applied to the relay terminals.

An inaccurate setting Rypa or Ry can cause the
spreadin current values toincrease to more than 109,

1. Connect the relay for a 1-2 fawlt as indicated
for Test No. 5.

2. Adjust the voltage between Ph.1 and 1IF and
between PH.2 and 2F for 57.5 volts each using
Brush No. 1 and Brush No. 2 respectively,
to provide 5 wolts befween 1F and 2F
(VleF =120 - 57.5 —-57.5=5 VO].tS).

3. Adjust the phase shifter for € degrees between
load current and Vpy, 1-py. 2,

4. With load current set for 0.53 amperes, adjust
RM A S0 that the top cylinder unit contacts

just close.

5. Reconnect the relay for-a 2-3 fault in Test
No. 6 aid adjust Ry using procedures of
steps 2,3, and 4.

6. Determine the current valpe at which the con-
tacts close for a 3-1 fault using Test No. 7.
.~ If the 3-1 fault current is greater than 0.53
amperes then RMA is too low and RMC is too
high.
7. Increase Rpma & slight amount znd reduce Ry
an equal amount until the contacts just close
for 0.53 amperes,

8. Check the current required to close the con-
tacts for Tests Nos. 5 and 6 The values
should be equal to each other and to Test
Nc T within = 3%.

9. If the currents are not equal +3% 'then use the
average value for Tests Nos. 5 and 6 deter
mined in step 8. and repeat steps I through 8.
At first there may be an over-correcting or
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pendnlum action as one balances the Ry p 2nd m '
and RMC resistors, However, with a litfle ex- : Meagure C .
perience the circuits can be balenced after From To Fixed Voltmeter Reading
two or three trials. Terminal | End of i , — in g ——
VA= L3I T( =)
D. SDI'iIlE Restraint. : “y T ofM R3 c 0.1 ltSInJSO o
1. Use Test No. 1 connections eXxcept reverse = 90.1 volts (& = 30%)
the voltage phase sequence by interchanging "L"OfMA ' Roa’ . -
the Brush connections so that Brush 1 is con- v.,=1T( 27,
nected to 3F and Brush 2 is connected to 1F. 8 Rop C sin 750
2. Adjust the voltages Vipop and Vopam for 3.5 Irofus R = 60.1 volts (6 = 90%)
volts eath with Brush No. 2 and Brush No. 1 i =l WS

respectively. Position the moving-contact spring
adjuster so that the contact just floats and then
retirn the circuit connections to normal with
Brush 1 to 1F end Brush 2 to 3F.

E. Any compensator that has an ootput which is
2 volts more or less than the nominal values
given above should be replaced.

E. Contact Adjustment ' ' IV. Overall Check

The procedwe for contact adjustment for the After the calibration procedure has been completed,

phase-to-phase wunit is identical to that described in perform the following check.

section D for the three-phase unit. A Three-Phase Unit

The phase-to-phase unit is now calibrated and Connect the relay for & three-phase fanli, Test

should be accurate to within 3% of the corrected No. 1 of Figure 24, and set the phase shifter so that
tap value setting over the range of fault voliages -the phase angle meter indicates 30° more than the
from 5 V{_y, to 120 Vi 1. The corrected fap value is maximur torque angle. The current required to trip the
actual relay reach at a given maximum torque angle ¢ - relay should be within the limits specified for each of

TS sin 0 the voltages. Note that for the three-phase unit the

and is equal to Zg= - « Th 1
= 67T smroy 4 by the relay is Zn < VLrL, where
now calibrated and ready for service. impecance measpred by Wie reiak 1S <R =\_"§ 1,

. Compensator Chechk . .- . .
m P . ViL is phase-to-phase fault voltage and I, is

Accuracy of the mutual impedance Zcof the com- phase current.
pensators is set within very close tolerances at the.
factory and .should not change under normal condi- Valts Amperes (=75 Yyttt &+
tions. The mutual impedance of the compensators can :
be checked with accurate instruments by the procedure Vipop .
outlined below. - & Vopap Imin Imax
A SetT, T A TB' and Tc on the 5.8 tap.
. 10 — 1.28 XD
B. Disconnect the “L’ leads of sections M, M,, ‘ , 1.3 KD-1
and Me and the brush leads of Rag Ray, REB' _
‘and’ Rge. (With resistor loading removed ¢ = ' 30 3.44 3.8 KD
209, . 3.5 KD-1
C. Connect terminals 13 fo 14, 15 to 16, 17 to 18 70 7.85 8.1 Sath
and pass 10 amperes ac. curreént in terminal = - . .
18 and out of terminal 12, . Tto determine the limits of current when f is nnt
) . ecual tc 750 multiple the nnminal values tabwlated
D. Measure the compensator voltage Ve with a } gin 750
high resistance voltmeter 5,000 ohm/volt as abnve by the ratio ——Si;] 7
tabulated below. Refer to Figure 1 for the
location of Ry, Rga. Rop, and Ry 11 Phase angle meter set for # -~ 307,

27



'sdnfay [-ay PuD gy SdA] 4op suoydsuuoy Jsa) Pz Bl

TYPES KD AND KD-1 RELAYS

REEH06S
1 .
T T e L) 5] #¥9 i W
i S1/E2 Ty 2| 9 [ 8 g LY’
$ITT | tijet Thy -1 Y- 5 A
L LG L Tt #F h
| T | SiTer Ty =T §f | )
NI | TR Ty T 8¢ T v MEr g,
1Z]%E L3 ¥[34 Ty -1 [ ] 1-1,
isnray wo| 1831 il
0L/#0¥d LI3NNOD Y330 01| L11v4 u0L03736 | A
Lt LIND 1¥13d 1-0% %04 .
A¥13M QY Hod SHOLIOINKOD 034100 Mt eire AR M oay
A A INGYOL HOWIXYN A¥ITY 3NL.
s f T TTETTTT IMIHYILI0 01 ONIOYIY
cquy1 1o il ¥ILIH~I1ONY-ISVHd
INIEVAIANI _r...._ “ ”.1_ JHL WOHd o0€ 1OoYWEGNS

N30 /70
1100 J\\ i

3
k.

*}

IS0
.p*\\ 1IVINGY)

HOLINS A¥YLOY¥

R

3

.

® @

. {m3rA LNON4)

— .

AYA3¥ T1-0X WO aY

® @@@@

o

i

L 3 W
£ gy 20l

1531 10w3

HO;
SR OX - 7%
. x\
@, :
vodmvd gt
1
Iv-———p¢ @ .
X f;
@4 7
A
@__« 1nvd 5=t
HILIAS 1049 + ) )
< wowoanas, 25 oot )
i’ a2 @ 42 i
@;_/_\ 1nvd £-7
AN i (®
(OFD "
O LT
O I
2 on
[YLET . £ N
T Hd
oM
HSnHa ¢ KT
L . .
LELER L RRTTR o§ -
wIndoASHYYL-0LNY  [O 70
1avidva HILIN I0HY S
uﬂ._z 1104 002
N3L4INS
YILINNY BILINLIVN Jovi

e

o

30 ™~

0—"0/,0

F L T R IS H iy P ———

&
1€ = 42 = 41 NOILYIOW 35¥H4

28




_the impedance measured by the relay is Zg =

TYPES KD AND KD-1 RELAYS

LL. 41-491H

B. Phase-to-Phase Unit

Using the connections for Tests Nos. 5, S. and 7,

set the phese shiffer so that the current lags voltage

by £0 The current required to trip the phase-to-phase
unit should be within the limits specified for ezch of
the voltages. Note thet for the phase-to-phase unit
VL1,
211,
where VL-L is phase-to-phase faulf voltage and I is
phase current. :

‘ Amperes (& = 750
Test Volts D ( )
No.

Viror Imin Imax

5, 6&T7 5.0 0.50 0.54

For both
30.0 2.95 3.14 KD&KD-1,
. ‘ relays

70.0 6.90 T7.10

T To determine the limits of current when 6 is not-

" equal to 75, multiply the nominal values tabulated

sin 750

above by the ratio <in 6

Indicating Contactor Switch (ICS)

Ciose the mainrelay contacts and pass-sufficient
d-c current through the trip circnit to close the con- -
tacts 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.

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

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. Bowever, interchangesable parts can be furnish-
ed to the customers who are equipped for doing repair

. work. When ordering parts, always give the complete

nameplate data.
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TABLE |
NOMENCLATURE FOR RELAY TYPES KD AND KD-1
UNIT ITEM | DESCRIPTION
Z(3)1-2 Two Element-Coils; Total d.c. Resistance = 360 to 390 ohms
Z(3¢)2-3 Two -Element-Coils; Total d.c. Resistance = €80 to 740 ohms
EM 2 Inch Resistor 1000 ohms Fixed for KD .
(3-1/2 inch B500 ohm Adj. for KD~1)
5.-:? Rg 2 Inch Resistor 600 ohms Adjustable
é .
o CSA 1.8 MF'D Capacitor for KD (0.6 MFD for X iy
e}
&
,% Cse (.50 MFD Capacitor (0.6 MFD for KD-1)
-
T Compensator (Primary Taps —.87; 1.16; 1.6; 2.2; 3.0; 4.2; 5.8)
5 Auto-Transformer Primary (Taps — 1, 2; 3} -
M Auto-Transformer Secondary (Between Taps — 0.0: .03; .06; .06)
X Variable Reactor for KD (Not in KD-1)
Z(ch- ) Two Element-Coils; Total d.c. Resistance = 560 to 800 ohms
RMA 3-1/2 inch Resistor 2000 to 3000 ohms adjustable
RMC
mm' 2 inch Resistor Fixed-adjustable Taps at 30 & 55 ohms:
<| FBp adjustable 55 to 385 ohms
E Roa Rop, Ry 2 inch Resistor 600 ohms Adjustable
1
% Cgar Cog 1.6 MFD Capacitors
A Ta Ty T Compensators Same As T
SA' SC Same As S
Mg Mg Same As M

30
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APPENDIX |
SWITCHBOARD TESTING WITH KD AND KD-1 RELAYS

External connections may be checked by the re-
lay, provided there is sufficient load current flow at
a known power factor angle. Relay current must be at
least%amperes(l.Z amps, when T = 5.8). This check
is appropriate prior to commissioning the relay or
when trouble shooting.

FPotential Circuit Check

Close thethree relay potential switches numbered
7,8, and 8, (Figure 17). The connection for the proper
phase sequence will be indicated by a strong contact-
opening torgue. Closing torque will indicate reverse-
phase sequence.

Current VYerification

To verify the proper current connections use the
following procedure:

1. Read watts, vars and -amperes. The current
shouid be at least 1.2 amperes.

2. Plet watts and vars on the diagram in Fig.
26. braw a line at the load angle determined
by this plot. Designate this line as IRgp.
See Pig. 27 for example.

3. SetT = 5.8, 8 = 1 for maximum sensitivity,
(Lower taps may be used, provided current
exceeds 7/T).

4, Perform the 9 switching combinations in-

Table II, recording the relay contaet position
for each combination. (Actuzlly only 6 combi-
nations are needed to verify the currents, so
that any group of three need not be used.
This is important where the load angle falls
teo close to the zero torque line. If the in-
dicated power-factor angle is within 3° of the
test limit for any group of three fesis, these
should be ignored.)

3, Verify the cumrents using the procedure il-
lustrated in. Table III. Here the *‘‘correct con-
tact position’ is determined by observing
whether the Ipgr line in Fig. 27 intersects
the solid or dashed part of circle, (For ex-
ample, test 1b shows a solid cirele indicating

. that the contacts should close.) Next compare
the actual contact positions to the correct ’

ones.

6. If the contact positions are proper, the cur-
rent connections are correct and the test is
complete, otherwise proceed to identify the

currents using the following procedure.

Current ldentification

If the verification check discloses incorrect cur-
rent connections, the following procedure may he
used to determine what is wrong. However, if one set
of three switching combinations places the relay too
close to the =zere-torque line, use conventional
techniques instead,_ since identification requires
all 9 switching combinations. ’

1. Plot alggy and aZIREF at 120° angles from

: IREF- See Fig. 27 for example. These currents
are related to the phase currents as shown in
the fellowing table:

Phase

Receiving

Current Irgr  aYREF  aIREF
1 Ipy1 IPH2 Ipu3
2 Ipp2 Ipya IpE1
3 Ipgs Ipy1 Ipy2

2, Prepare 2 table similar to Table IV using
Fig. 27. For example, for test 1b the con-
tacts were open. Such a result would occur if
Irpp of the wrong polarity is actually flow-
ing in the phase 1 circuits of the relay. This
conclusion is drawn by noting that Igpr in
Fig. 27 intersects the solid part of the test
1b circle. This says that if HIgpp is flowing
the contzets would close. Since the contacts
actuzily open, then —Igpp could be flowing.
Similarly, for test 1b, —allggp couid be
flowing, since the a2lypp line also inter-
sects {he solid part of the test b circle.

By the process of elimination for each set of
3 tests, the actual current is identified. For
example, in Tahle IV, phase 1 receives
—Ipgi. whereas +Ipygj] should be flowing.
In phase 2, +Ipy3 is flowing as shown in
Fig. 28, To exiract this bit of information
from Table IV, use the above table relating
the phase currents to IRpp, 22IREF ang

alREp.

Note in Table IV that a2igmp is flowing in
the phase 2 circuits of the relay. The above
table shows for this set of 3 tests that
22Rgr = Ipma.

3. Correct the external cornections and then
verify the currents.
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TABLE Il

SWITCHING FOR CURRENT VERIFICATICN AND IDENTIFICATION

Position of switches numbered: :
. Voltage sw. Current sw. (blank indicates =
o O open sw.) Lo
c = : Unit which | Phase
= = . P
o = should be !Receiving
= B v v v 1 I 1 1 j
z 2 1 2 3 i 2. 3 1 Observed ' Current
Ol o7 8 9 12, 14, 18, 18, '
13 15 17 15
(30
]
Open & . a i Closed E S-a&kd 3
1 JPmp SW-' Closed | Closed L é
jaw to i
9 b| Closed | Closed . &-o& 30 1
| . H
'3fnensi ‘a| Closed ;Closed | O-G& 30 1
2 | Closed J‘a\fto "{ Closed : : :
! b lClosed - S & T 2
7 | ! : K
i i ’ T T —==
N | ! '
j iﬁ]ensi' a iClcsed : S-ok 2.
i 3 Closed ! Closed J.a‘f to T : ‘
! ! e b ! 'Closed S-O& s 3
i i . !
i a Open & r
i i [ L i .
{4 |Closed ' Closed !'\7P S0 closed Clused -Gk 3¢ 1
| . i Jaw to ¢ , .
: T !
1 ! o . ___
i , | T
' Open & : .
- Jump S“"i Closed : Closed Clesed L Sk 2
: jaw to 3 : -
: ' i
! Open & | ;
| i3 i - , ' e
i 6 Closed ::”:]mp ¥ i Closed H jClEJSE‘d ‘ o-0o&F 3.
| I jaw to k | . . ; :
; I 9 ! | ; !

T

Block 3 ¢ Unit Open

3 I unit operation is based on the relay looking inte the line. For carrier applicatisins wiih

KD-1 looking in the reverse direction, the contacts should be In the oppasite pesivhins
those listed in the table.

=

frm
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TABLE I
VERIFICATION EXAMPLE USING ASSUMED LOADING OF FIG. 27
PHASE SWITCHING CORRECT ACTUAL CONTACT POSITION
TO BE coMBmaTion | CONTACT IF WIRING EXAMPLE WITH
VERIFIED POSITION | 1S CORRECT | INCORRECT WIRING
1b c c o)
1 2a c c 0 .
4 0 0 c
2b c- c c
2 3a c C 0
5 0 o c
3b c c 0
3 la c c 0
6 0 0 o
TABLE 1V
IDENTIFICATION EXAMPLE USING ASSUMED LOADING OF FIG, 27
- i EXAMPLE CURRENT & POLARITY WHICH CAN |
i PHASE | SWITCHING OF PRODUCE OBSERVED CONTACT POSITION |
' RECEIVING' | COMBINATION | CONTACT , - .
| CURRENT | | POSITION IREF. adRop, alRgp. |
f i' 1b o i 7 | - +
1 2a 0 ’ - T + +
! ; 4 c = ¥ -
% c + ¥ - |
; 2 ! 3a 0 - +] t + :
': : ] 5 C - + - 1
i ' 3b o - - ’T|
j 3 | la 0 - + +1r
i 6 o + - Ej N

T 8ee Fig. 28 for actual connections.
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DUT - IN THE TRIPPING DIRECTION
Iy == AGAINST TRIPPING' DIRECTION

THE THREE-PHASE UNIT SHOULD RESPOND
TO TESTS Ih. 20 AND 4. DISHEGARD

THREE-PHRSE UNIT ON ALL OTHER TESTS.
= - POSITWWE DEGAFES AASED DN CURRENT

. LAGGING VOLTAGE {POSITIVE GURRENT
= GURRENY "FLOWING DUT ]

SOLID LINE - CONTACYT GLOGING TORQUE
DASH LINE - CONTALT OPENING TOROUE

FOR €, ANGLES 3+ FROM JERD TORQUE,
THE PRODUCT DF Ix¥ MUST B = 7

Ir LIHE CURREKT
T e TAP "TT SETTING

1854016

T -I& aXner

;
o

s £

T .
- 1 : -
WATTS WaTYS
1BD—24 s €

N |

i

SOLIC LIKE - CONTACT CLCSING TOREUE
DASH LINE « COMTLZT OPEMRG TORUJE

OUT - IN THE TRIFPING DIRECTICN

IN -- RGRAINET TRIPPING DIRECTION

THE THREE~PHASE LNIT SHOULD RESPOND
TO TESTS Jb. 20 ANL 4. DISREBARD
THAEE-PHASE UNIT ON ALL OVHEF TESTS.
W - POSITIVE DEGREES BASER ON CURRENT

LAGHING YOLTAGE |PCSITIVE CURRENT
s CURRENT FLOWING OUT Y

THE FRODUCT ©F ZaT WUST BE E 7

L= LINE CURRENT
T e T&P "T" SETTING

PHASE DIAGRAM FOF CIRZUIT VERIFICLTION W.Tr k.DaR_RELAYS

FOR ey LNBELES 3 FROWM ZERD TORGUE,

Fig. 26 Phaose diagrom for Current Circuit Verification ond

ldentification

Fig. 27 Phose Diogram Showing Assumed Lood Conditiens

for on Example .

Fon e

POWER FLOW :

aSn

i

] o1

[ 3
. .::l‘

(b)

CASE

TG +I2 "_'\/-——

___.AV__;::;

I CURRENTS

1854060

Fig. 28 Actual Wiring for the Assumed Test Results of

. Table IV
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