I.L. 41-491
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPES KD AND KD-1
COMPENSATOR DISTANCE RELAYS

CAUTION

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

APPLICATION

The KD Relay 1s a polyphase compensator distance type relay which
operates at high speeds in response to all three-phase, phase-to-phase,
and two-phase-to-ground faults that occur within the relays preset zone
of protection. It is applicable on all lines which will provide at the
relay terminals a minimum balance point voltage of 10 volts 1line to line
for three-phase faults and 5 volts line-to-line for phase-to-phase faults.
(Voltage at the relay for a fault at the far end of the relay setting).

CONSTRUCTION

Indicating Contactor Switch Unit (ICS)

The d-c indicating contactor switch is a small clapper type device.
A magnetic armature, to which leaf-spring mounted contacts are attached,
1s attracted to the magnetic core upon energilzation of the switch.
When the switch closes the moving cofftacts bridge two stationary contacts,
completing the trip circuilt. 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 front spring, in addition to holding the target, provides
restraint for the armature and thus controls the pickup value of the
switch.

Tripping Unit

The device which acts to initiate tripping for faults inside the
protected line section 1is a four-pole cylinder unit which is connected
open delta and operates as a three-phase induction motor. Contact-
opening torque is produced by the unit when the voltage applied to its
terminals has a positive-phase sequence. Contact-closing torque is
produced when negative-phase sequence voltages are applied. Hence, the
cylinder unit has restraint or operating torque as determined by the
phase sequence of the voltages applied to its terminals.
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OPERATION

Three Phase Unilt

Compensator

Sensitivity to three-phase faults is provided by a single air-gap
transformer-type compensator designated as T in the internal schematilc
183A507. The compensator 1s proportioned so that its mutual impedance
Zc has a known and adjustable value from 0.87 ohm to 5.8 ohms in
30-percent steps. Compensator mutual impedance is defined as the ratio
of secondary induced voltage to primary current. The secondary
(voltage) winding of the compensator is in two sections. One section
1s provided wilth an adjustable loading resistor, R3, and serves as a
lag coil for varying the phase-angle relation between primary current
and secondary l1nduced voltage over a range from 60 to 85 degrees.

The other section 1s in series with the applled voltage and vectorially
subtracts a value from the applied voltage which 1s proportilonal to

IZc where I is the relay current. When the line impedance to the

fault (Zp) is less than the compensator setting (Z¢), IZc becomes
greater than the line voltage drop to the fault. Thils reverses the
compensated voltage and thereby reverses the phase sequence of the
voltage applied to the relay, and contact-closing torque is produced

in the cylinder unit.

Auto-Transformer

An auto-transformer with a buck or boost fine-tap secondary (M)
makes it possible to expand the basic range (T = 0.87 to 5.8 ohms) by
multipliers (S) of 2 or 3. Voltage of the first section of the primary
can be changed by the use of the S =2 or S = 3 tap. When connected
to S = 1, the auto-transformer serves only to excite the secondary
winding, M, which has four taps. The value between each of the
secondary taps 1s a percentage of the first section of the primary across
which the cylinder unit circuit is always connected. The arrangement
is such that any multiple of 3 percent (from 3 to 15 percent) may be
added to or subtracted from the compensator tap value. Therefore, any
gsetting can be made within L percent from 0.75 ohm to 20 ohms by
combining the compensator tap T with the auto-transformer taps S and M.

Other Components

The three-phase fault-responsive unit has a compensator in only
one of 1ts phases and therefore has only one current-derived source of
voltage which 1s applied to the cylinder unit. Thus no current-only
torque 1s produced. (The polyphase unit will not produce torque under
single phase conditions). In instances where the relay terminal voltage
collapses to zero (this 1s the conditlon resulting from a three-phase
fault at the bus) the unit must operate before the voltage across its
coils decays to zero. A capacitor, C3c, connected in series with the
inductance of the uncompensated phase provides a reactance to delay
the decay of voltage long enough for the cylinder unit to operate in
the correct sense and with a high torque.

The Ry and C3A parallel resistor-capacitor combinatlon in the
compensatey phase corrects for a shift in the phase-angle relation
between the voltage across the left hand colls of Z (36) and the
voltage across the right hand coils of Z(36).
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Thils phase shift 1s produced by capacitor C3c. The Ry, C comblnation
also provides control of transients in the Inductive céﬁls of the
cylinder unit.

A small variable reactor X 1s used to compensate for variations in
other components and assists the Ry and C3p combination to correct
phase-angle relations. The reactor has twd caolls which may be connected
in the factory elther in series or in parallel for stepped adjustment.

A screw type core i1s utlllzed for changing an internal air gap to produce
a continuous adJustment.

Phase-to-~Phase Unit

Sensitivity to phase-to-phase faults is provided by three
compensators Ty, Tg and T¢c. Each phase voltage applied to the relay is
modifiled by a compensator secondary voltage derived from the related
line current. The operatling principle of these compensators is
identical to that of the three-phase unit. Current-derived voltages
of the compensator secondaries are subtracted vectorially from the
applied voltages. When Zp is less than Z, the IZ; drop reverses the
compensated voltage and thereby produces contact-closing torque in the
cylinder unit.

Each of the three phase-to-phase fault combinations subjects the
cylinder unit to a different set of conditions. In order for the
phase-to-phase relay to have the same reach for all phase-to-phase
faults, particularly at low balance-point voltages, i1t 1is necessary
that the impedance angles of the three circuits from the relay terminals
to the common connection for Z (¢ @) and Rg be the same. This conditlon
can be met by the adjustment of resistors Rymy and Ryg. Thils balance is
malintained when S tap 2 or 3 is used by virtue of the balancing
resistor Ry in the phase 2 voltage circuit.

SETTINGS
Indicating Contactor Switch (ICS)

No setting 1s required on the ICS unit. It is nominally a 1.0
ampere swltch which closes 1ts contacts and drops 1ts target at a value
of current not greater than 1.2 amperes d.c.

Compensator and Auto-transformer

Compensators basically are insensitive to d-¢ transilents which
attend faults on high-angle lines. The long time-congtant of a high-
angle line provides a minimum change in flux-producing transient current
with respect to time, and induces a minimum amount of voltage in the
secondary. Low-angle lines having a short time constant can induce
considerable voltage in the secondary, but for the first half cycle,
the transient-derived voltage subtracts from the steady-state value.
This transient decays so rapldly that it is insignificant during the
gsecond half cycle when 1t adds to the steady-state value. Therefore,

a compensator-type relay may be set with no regard to possible overreach
due to d-c transients on high angle lines.
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The general formula for setting the ohms reach of the relay is
Z =TS (1 ¥ M.
7 is the desired ohmic reach of the relay which is derived
from the line impedance Zpri.

Assume a desired balance point, which is 90 percent of the total length
of the line, then '

Z =18 (1 M) = Zpps ( 22Be)= relay ohms
Rv

T = compensator tap value
S = Auto-transformer primary tap value

M = Auto-transformer secondary tap value
(This 1s 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 "R" is above "L" and acts to Raise the
TS setting. The sign is negative when "L" is above "R" and
acts to Lower the TS setting)

Zpri = ohms of the total line section

RV.: current 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 of 6.7 S
greater than Z.

D, Select a value for T that 1s nearest the value % .

3. Determine the value of M that is nearest Z%%g. I the

sign is positive, then the M taps are
connected to Raise TS.
For example, assume desired Z = 7 okms

1. The lowest tap S for O.7 S greater than 7 is S = 2

2. T nearest to 7/2 = 3.5 1s 3.0 ohms.
zgé = + 0.166. (Use M = 0.15).

3.
4. Then Z = 3.0x 2 (1 + 0.15 ) = 6.9 ohms which 1s 98.6% of the
desired value.

Line Angle Adjustment

The maximum torque angle of the relay is set at the factory to be
75° current lagging voltage and the tap values are based on this angle.
Generally speaking, the 75° setting can be applied on lines wilth
angles from 65° to 90° and the maximum error 1n relay reach willl not
exceed 4%. However, the angle can be set to any value between 60° and
80° by adjusting the compensator loading resistors R3, Rop s Rop and Rog.
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The induced compensator secondary voltage V, varles with the sine of
the maximum torque angle when the primary current 1is maintained at a
constant value. A 90° setting occurs when the compensator loading
resistor 1s open circuited and the reach of the compensator is at its
maximum value for a given tap setting T.

oy = T
2(90°) = simT5e

- Ve for the 3 phase unit
1.5 1
Ve for the phase-to-phase unit.
I

At any maximum torque angle 6, the actual compensator setting
(relay reach) is given by the formula

Z(e) = 2(900) sin ©

T gin ©
sin 75°

The compensator in@uced voltage Vo 1is directly proportional to Z
when the primary current is constant. Therefore

Ve(e) = Ve(90°) sin ©

A silmple method of adjusting the maximum torque angle to ary value
® 1s as follows:

1. Set T, Ty, Tp and Tg on the 5.8 tap.
o. Disconnect the "L" leads of sections M, M, and Ms.

3. Connect terminals 13 to 14, 15 to 16, 17 to 18 and pass 5 %to 10
amperes a.c. current in terminal 19 and out of terminal 12.

I, Measure the compensator voltage with a high resistance voltmeter
5,000 ohm/volt) and adjust the loading regcistors as tabulated

below:
Measure
From Tc Fixed
Terminal End of Adjust So That
Ve(e) = V 0°)sin ©
LU of M R3 R3 C( ) 0(9 )
= 1.5 TI sin ©
sin 75°
"L" of Mp Rop Rop Vc(e) = V¢ (90°)sin ©
3 TRop RoB
T of Mg Rog Rog =TI sin ©
sin 75°




5. All "L" leads should be reconnected to the M tap after the line-angle
adjustment 1s completed.

THREE-PHASE UNIT CIRCUIT

Reactor X

In the KD-1 relay the reactor is omitted. An adjustable resistor Ry
1s used 1in the phase=l1 circuit.

The reactor is set at the factory to make the impedance angle of
1ts own circuit equal to the impedance angle of the compensator
secondary's circuit when the relay is at its operating temperature. No
adjustment 1s necessary unless the factory setting is disturbed.

A check on the setting can be made by connecting terminals 7 and 9
together with a short jumper. Apply 90 volts a-c between terminals
7 and 8 and observe the position of the contact in the lower cylinder
unit. The contact should be either held against the right hand back
stop by a very low torque or floating between the stationary-contact
and the back stop.

Cylinder Unit (KD relay only)

The lower cylinder unit is the operating unit for that part of the
KD relay which is sensitive to three-phase faults. It contains an
adjustable core which is set at the factory so that no sustained
contact-closing torque is produced by current-only when the voltage
terminals 7, 8 and 9 are short circulted as if for a bus fault behind
the relay. The core has a "flat", machined on one side, which changes
the flux path and gives a biasing action that prevents contact closing
on current-only. This adjustment can be checked by passing current
in terminal 19 and out terminal 18. (The KD-1 relay 1s purposely
blased to produce current-only contact-closing torque and will open its
right hand contact at a current value of 3 amperes when T = 5,8)

PHASE TO PHASE UNIT CIRCUIT

RMA and RMC

These components are set at the factory and serve the same purpose
1n the phase-to-phase unit circult as the reactor X does in the
3-phase unit circuit. That is, R and RMC are adjusted so that their
respective circults have the same mpedance angle as the circuit of the
tapped resistor Rnp. These adjustments can be checked by simulating
all three combinafions of phase-to-phase faults, 1-2, 2-3 and 3-1. The
unfaulted phase voltage should be maintained at 1ts normal line-to-neutral
value whlle the faulted phase voltages are reduced to 2.9 volts
line-to-neutral fault voltage. Each value of current required to trip
the top cylinder unit for each of the three conditions should be within
2% of the other two values when the circults have been allowed to warm
up with normal voltage applied to the relay terminals. An inaccurate

setting of RMA or RMC can cause the spread in current values to lncrease
to more than 10%



INSTALLATION

The relays should be mounted on switchboard panels or their
equlvalent in a locatlon free from dirt, molsture, excessive vibration
and heat. Mount the relay vertically by means of the mountlng stud
for the type FT projection case or by means of the four mountilng
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 locklng 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.

Acceptance Check

The followlng check is recommended to insure that the relay 1s 1in
proper working order:

Use the same procedure as outlined in the section titled
LINE ANGLE ADJUSTMENT to check the compensator mytual impedance and
angle of maximum torque. A more complete check can be made by
connecting the relay as 1s shown in the flgure Test Circuit for KD and
KD-1 Relays and described in the section CALIBRATION,

Indicting Contactor Switch (ICS)

Close the maln relay contacts and pass sufficlent d-c current
through the trip circult to close the contacts of the ICS. This value
of current should be not greater than 1.2 amperes d-c. The operatidn
indicator target should drop freely.

The contact gap should be approximately .078" between the bridging
moving-contact and the adjustable stationary-contacts. The bridging
moving-contact should touch both stationary-contacts simultaneously.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct operation of this relay have
been made at the factory and should not be disturbed after receipt by
the customer. If the adjustments have been changed or the relay taken
apart for repalrs, or if it is desired to check the adjustments at
regular maintenance periods, the instructions below should be followed.

All contacts should be periodically cleaned. A contact burnisher
#182A836H01 is recommended for this purpose. The use of abraslve
material for cleaning contacts 1s not recommended, because of the
danger of embedding small particles 1n the face of the soft silver and
thus impairing the contact.

CALIBRATION

Use the following procedure for calbrating the relay 1f the relay
has been taken apart for repairs or the adjustments disturbed. This
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procedure should not be used until it 1s apparent that the relay is
not in proper working order. (See "Acceptance Check")

With the stationary~contacts open so that the moving-contact will
not touch them, 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
cylinder unit can be withdrawn for easy access to the bearings by
removing the two screws (one on each side) which anchor the cylinder
unit casting to the relay frame. The screws are held by nut-plates
which remain in position after the screws are removed. Thus the
cylinder unit can be dismantled, inspected, and remounted with very
little effort.

Phase-to-Phase (Upper) Unit

1. Set Ty, T, and Tc all on the 5.8 tap; Sy, Rp, and Sc on the 1 tap;
Mp and Mg set for .09 between L and R with L over R.

2. Adjust Rpp, RoB, and Rog for the desired angle as described in the
Line Angle AdJustment section.

3. Connect terminals 7 and 8 together with a short jumper and apply
rated voltage between 8 and 9. Adjust Ryp so that the contact
floats or has a minimum of torque. This 1s a rough adjustment
for balancing the impedance angle of phase-1l equal to the
impedance angle of phase-2.

Connect terminals 8 and 9 together and apply rated voltage between
7 and 9. This time adjust RM 8o that the contact floats or has a
minimum of torque. This rougg adJustment is for balncing the angle
of phase-3 equal to the angle of phase-2.

4, Three-phase Test: Connect the relay as shown in the Test Circuit
for KD and KD-1 relays. The phase shifter should be rotated so
that the phase angle between current and voltage read on the

phase angle meter.is the same as the compensator maximum torque
angle setting.

a. For a 1-2 fault with V _N and Vo_y adjusted to 2.9 volts and
V3-N adjusted to 69 Vo}ts,record the current that will cause the
moving-contact to float between the two stops.

b. Connect for a 2-3 fault. Vp_y and V3_N = 2.9 volts; Vi-N = 69
volts. Record the current that floats the contact for this fault,

c. Connect for a 3-1 fault. V _y a@nd Vq{ v = 2.9 volts; Vo_y = 69
volts and record this curreét.

d. Now divide the sum of the three current values by 3 to obtain
an average current at which the contact should float. Repeat
part (a) for 1-2 but this time set the current equal to the
average value Just determined and make the moving contact float
(or have a minimum of torque) by adjusting Ry, again. Repeat
part (b) for a 2-3 fault and make the moving contact have g
minimum force by adjusting R with current set to the average
value. Repeat part (c) for a”3-1 fault. No adjustment is made
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wlth this connection but the current is recorded, as before, to
be used for determining a new average current.

Repeat part (d) untll the contact-floating current is equal
for all three fault combinations. At flrst there probably will
be an over-correcting or pendulum actlon as one balances the

Ryp and Rye resistors. However, with a little experlence the
circuilts can be balanced after three or four tralls.

Reverse the voltage phase sequence by connecting phase-1 of the
voltage supply to terminal 9 and phase-3 to termlnal 7. Adjust
the voltages Vi_N, Vo-N, V3-N to 2.0 volts and positlon the
moving-contact spring adjuster so that the contact just floats.
Then reconnect phase-1 and phase-3 leads to terminals 7 and 9
respectively. The phase=to«phase unit is now calibrated and
should be accurate to within ki 2% of the corrected tap value
setting over the range of fault voltages from 5 Vr,.1, to

120 Vi 1. The corrected tap value is the actual relay reach at

a gilven maximum torque angle © and is equal to Zg = T sin © +
sin 7508(1—M)

Contact Gap: With full restraint voltage on the relay, screw
the right hand stationary-contact in until 1t Just touches the
moving-contact and then continue for a half turn more. This

ig for the KD-1 and serves to make sure that the moving-contact
rest on the statlonary-contact while restrained and not on the
bridge.

Now screw the left-hand stationary-contact in until 1t Just
touches the moving-contact, then back 1t out two thirds (2/3) of
one turn (.020 inch) for the KD relay or one and one-half (1-1/2)
turns (.O47 inch) for the KD-1.

Three-Phase (Lower) Unit:

l.

Set the compensator maximum torque angle to the deslired value as
described in the Line Angle AdJjustment sectilon.

Set T on 5.8, S on 1, and M for .09 between L and R with L placed
above R. (Note: When L is over R the sign of M 1s negative).

Connect terminals 7 and 9 together wilth a short jumper and apply
90 volts between 7 and 8. Then adjust the reactor X, in the KD
relay, or the resistor Ry, in the KD-1 relay, so that the moving
contact floats or has a minimum of torque.

Current test for KD relay only: Remove the voltage leads from
terminals 7 and 8 and connect them with a short jumper so that
all three terminals 7, 8 and 9 are short circulted together.
Connect current leads to terminals 18 and 19 and pass 10

amperes through the relay. Set the adjustable core so that the
moving-contact just barely moves to the right hand side. Increase
the current in steps of about 10 amperes up to 60 amperes. Make
sure that the contact never closes to the kft hand side on current
only. Leave the current circult energized only long enough to
observe the contact action and make any necessary adjustment.
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The core assembly 1s held tightly 1n place by & nut and a
crimp washer which will yield enough to permit the core to be
rotated with a long lever such as a screwdriver. The nut has
an extended cylindrical surface with slots cut so as to receive
the lever for rotating the core. The nut 1s locked 1n position
on a threaded part of the core by the lower bearing screw
assembly and will not loosen unless the lower bearing screw is
removed first.

Repositioning the core is likely to affect the reactor adJustment.
Therefore repeat steps 3 and 4 to get the final adjustment of
the reactor and core.

Connect the relay for a 3-phase fault test as shown in the Test
Circult For KD and KD-1 relays. AdJust the phase-shifter so

that the phase angle relation between current and voltage read on
the phase angle meter is the same as the compensator maximum
torque angle adjustment.

Spring Restraint for the KD relay:

a. Adjust the voltages Vi-N, Vo_N and V3_N to a value of
5 volts.

b. Determine the current that will flow through the relay for a
fault at 90% of the corrected setting.

T = 5 Volts

90% Zg
Zg = TS (1 M) sin 6
sin 75°
_ 5.8 x1 (1-.09) sin ©
sin 75°

¢c. Pass this value of current through the relay and adjust the
moving-contact spring adjuster so that the contact just
floats.

With this adjustment the impedance curve of the three-phase
unlt will have a value not less than 90% at 10Vy,_1, and will
have enough spring restraint to assure that the contacts will
open when the relay 1s de-energized.

Spring restraint for the KD-1 Relay. Use two short jumper leads
to short-circult terminals 7, 8 and 9 together and pass 3
amperes through terminals 18 and 19.

Adjust the moving-contact spring adJuster so that the moving-
contact just breaks contact with the right-hand side of the
bridge.

AdJust the contact gaps in the same manner as descrilbed for the
phase-to-phase unit.

The relay 1s now calibrated and ready for service.
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TABLE T

NOMENCLATURE FOR REIAY TYPES KD AND KD-1

UNIT ITEM DESCRIPTION
z(3@)1-2| Two Element-Colls; Total d.c. Resistance=378 to 402 ohms
z(3@%)2-3| Two Element-Colls; Total d.c. Resistance=708 to 752 ohms
RM 2 Inch Resistor 4000 ohms Fixed for KD
(3-1/2 inch 8500 ohm Adj. for KD-1)
- R3 2 Inch Resistor 600 ohms Adjustable
2| o3 1.23 MFD Capacitor for KD (0.6 MFD for KD-1)
E C3c 0.50 MFD Capacitor (0.6 MFD for KD-1)
E T Compensator éPrimary Taps-.87; 1.16; 1.6; 2.2;
B 3.0; 4.2; 5.8)
S Auto-Transformer Primary (Taps - 1; 25 3)
M Auto-Transformer Secondary (Between Taps-0.0; .03;
.06; .06)
X Variable Reactor for KD ( Not in KD-1 )
Z(Z-9) Two Element-Coils; Total d.c. Resistance = 580 to 620 ohms
RMA 3-1/2 inch Resistor O to 3000 ohms AdJjustable
RMC
Rp 5> ipnch Resistor Fixed Taps at 273; 298; 328 ohms
% R, Rop Ro¢l 2 ineh Resistors 600 ohms Adjustable
T | ConsC2c | 1.6 MFD Capacitors
Z Ta ,TR,TC Compensators Same As T
% Sa,SC Same As S
Mp »Mc Same As M

~11-



Fig. 1 Type KD Relay without Case.
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Fig. 2 Internal Schematic of the KD Relay in the FT42 Case.

-13-



g0
DISTANCE UNIT

—CHASS 1S OPERATED
SHORTING SWITCH

(UPPER UMIT)

39
DISTANCE UNIT—

AIR GAP

TRANSFORMER

Rm

CURRENT TEST JACK

|- INDICATING
CONTACTOR

SWITCH

LTHREE AIR GAP
TRANSFORMER S

|

AUTO-TRABSFORMER

d—1— RED HANDLE

— TEST SWITCH

FRONT VIEW PHJ PH2 PH.3

—TERMANAL

183a527

Fig. 3 Internal Schematic of the Type XD-1 Relay in the FT42 Case.
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INSTALLATION

I.L. 41-491A -

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPES KD AND KD-1
COMPENSATOR DISTANCE RELAYS

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
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. It is applicable to all lines which, for
a balance point condition, will supply the relay with
a phase-to-phase voltage of not less than 5.0 volts
for a phase-to-phase fault and not less than 10 volts
for a three-phase fault,

The type KD-1 relay, (Figure 2), is similar to the
KD relay except its characteristic impedance circle
includes the origin. This relay is applied as a third
zone of protection in distance carrier schemes but it
may also be used for zone three in straight distance
relaying.

Both the KD and KD-1 are available with indicat-
ing contactor switches with either 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 a lockout relay is energized or where
a high impedance tripping auxiliary relay is utilized.

CONSTRUCTION

The types KD and KD-1 relays each consists of
four single air gap transformers (compensators), three
tapped auto-transformers, two .cylinder type operating
units, and an ICS indicating contactor switch. The
KD relay also contains an adjustable reactor not
used in KD-1.

Compensator

The compensators which are designated T, Ty,

Supersedes I.L. 41-491]

Complete Revision

TB, and Tc are two-winding air-gap transformers,
(Figure 3). The primary, or current winding, has
seven taps which terminate at the tap block, (Fig-
ure 4). They are marked .87, 1.16, 1.6, 2.2, 3.0, 4.2,
and 5.8. Curmrent flowing through the primary coil
provides an MMF which produces magnetic lines of
flux in the core.

A voltage is induced in the secondary which is
proportional to the primary tap and current magnitude.
This proportionality is established by the cross 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 previsely 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 subtracted vectorially
from the relay terminal voltage. The second section
is connected to an adjustable loading resistor and
provides a means of adjusting the phase angle rela-
tion between primary current and the induced second-
ary voltage. The phase angle may be set for any
value between 60° and 82° by adjusting the resistor
between its-minimum and maximum values respective-
ly. The factory setting is for a maximum torque angle
of 75° current lagging voltage.

Auto-Transformer

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

The sign of M is negative when the R lead is
above the L, lead. M is positive when L is in a tap

EFFECTIVE JANUARY 1959
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Fig. 1. Type KD Relay without case.



ERRATA #1 TO ACCOMPANY I L. 41-491A
INSTALLATION ¢ OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPES KD AND KD-1
COMPENSATOR DISTANCE RELAYS

Page 15, SETTING CALCULATIONS

T Sin © 0.9 R
The general formual Z = S (s1 ) = Zpri 9 Be
1M (Sin 75°) R,
TS (Sin © 0.9 Rg
should be Z = r = Zpri ———
1 £y \sin 75° Ry

Page 21, Acceptance and Calibration Check

In second paragraph after Figure 24 add: Set T,
Tp, Tp and T for 5.8 and 75°; Sp, Sc and R for

1; M, MA and MC for +.15.

Page 24, the formula in first column 21st 1line should be:

TS sin ©
zg=
(1 T M) sin 75°

Page 24, Electrical Checkpoints

1

V-
The formula 2y = L-L
V3 I
VL-L
should be ZR =
V3 (1y)
Page 25, the formula in first column eighth line should be:
Vi-L
ZR =
2 Iy

January, 1959

WESTINGHOUSE ELECTRIC CORPORATION
METER DIVISION . NEWARK, N.J.

Printed in U.S.A.
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Fig. 2. Type KD-1 Relay without case.



TYPES KD AND KD-1 RELAYS

LAMINATED
PRIMARY CORE
SECONDARY
AIR GAP
G
- T\\\\ e
ADJUSTABLE
ANGLE /
\
\
AN "
\\ I

Fig. 3. Compensator Construction.

location which is above the tap location of the R
lead. The M setting is determined by the sum of per
unit values between the R and L lead. The actual
per unit values which appear on the tap plate be-
tween taps are 0, .03, .06, and .06.

The auto-transformer makes it possible to expand
the basic range (T = 0.87 to 5.8 ohms) by a multiplier
of _l__i'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, TB,
and Tc with the auto-transformer taps S and M, S,

and MA, and SC 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 three-phase induction motor. Con-
tact-closing torque is produced by the unit when the
voltage applied to its terminals has a negative-phase
sequence. Closing torque for the relay forces the
moving contact to the left hand side as viewed from
the front of the relay. Contact-opening torque is
produced when positive-phase sequence voltages are

applied. Hence, the cylinder unit has restraint or
operating torque as determined by the phase sequence
of the voltages applied to its terminals.

Mechanically, the cylinder unit is composed of
four basic components: a die-cast aluminum frame,
an electromagnet, 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
locking nut. In the KD relay only, the core of the
three-phase (lower) unit is 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 two
compressed springs. The bearitig 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; two magnetic adjusting plugs;
upper and lower adjusting plug clips, and two locat-
ing pins. In the KD-1 relay only, the three-phase
(lower) unit has a single turn of heavy wire around
one of its poles. This single turn carries the com-
pensator current and provides a means of obtaining
contact closing torque with current only. The locat-
ing pins are used to accurately position the lower
pin bearing, which is mounted on the frame, with re-
spect to the upper pin bearing, which is threaded
into the bridge. The electromagnet is secured to the
frame by four mounting screws. The magnetic ad-
justing plugs are not used for calibration in the KD
and KD-1 relays and should be screwed all the way
down,

The moving element assembly corsists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The hub to which the moving-contact arm is
clamped has a wedge-and-cam construction, (Fig-
ure 5), to provide low-bounce contact action. The
contact carrying member which is supported by a
brace makes up two sides of a simple truss. A pro-
jection located at one pin position on the truss
strikes a step in the hub when restraint torque is
produced by the cylinder. This limits the reverse
slip of the hub to a reset position with respect to the
moving-contact arm. A boss on the truss, at another
pin position, prevents a side force from being applied,
by the hub, to the member which is between the boss
and the projection.

P

g,



I.L. 41-491A

TYPES KD AND KD-1 RELAYS

INSERTS

THRET PHASE
. 18

3 PHASE UNIT
CONNECTOR — “SETTINGS

SCREW

uoooa'olks OQON* ) ' : T

SOCKETS FOR
COMPENSATORS

TAPS
PHASE-TO-PHASE

™ UNIT SETTINGS

LEAD “L"

LEAD “R"

Fig. 4. Tap Plate.

TOP VIEW

TEFLON LINING HUB CENTER OF HuUB

CENTER OF CYLINDER
AND OF ROTATION

ARM BRACKET

CYLINDER LOCK NUT

COUNTERBALANCE
STATIONARY WEIGHT
CONTACT
\/ WIPE
— DIRECTION

movine [ e T OIS
CONTACT ﬂ@ﬂ‘i ROTATION FOR
AND ARM sToP CONTACT CLOSING

CLAMP PROJECTION

MOVING - CONTACT - ARM
BRACE FRONT VIEW

STEP

Fig. 5. Cylinder Unit Hub Construction.
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HOUSING—____ @f
RETAINING
b WASHER
ADJUSTING SCREW
SEALED IN POSITION_ !
SILVER
( CONTACT
CONTACT
L SPRING

Fig. 6. Stationary Contact.

When the cylinder produces contact-closing torque
and the contacts close, the hub and a lining then
begin to slip inside the clamp. The projection on the
clamp, which is part of the truss, slips on the lining
at the bottom of the step until the wedge action stops
the slipping. Restraint torque will then reset the
hub. A rolling action between the moving contact
and the stationary contact is accomplished by the
cam action of the hub whose center is offset from the
rotational center.

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

Optimum contact action is obtained when a force
of 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 projection begins to ride up on
the wedge. The free travel can vary between 15°
to 20°.

The shaft has removable top and bottom jewel
bearings. The shaft rides between the bottom pin
bearing and the upper pin bearing with the cylinder
rotating in an air gap formed by the electromagnet
and the magnetic core. The stops are an integral
part of the bridge.

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, (Figure 6).

This stationary contact has .002 to .006 inch follow
which is set at the factory by means of the adjusting
screw. After the adjustment is made the screw is
sealed in position with a material which flows around
the threads and then solidifies. The stationary con-
tact housing is held in position by a spring type
clamp. The spring adjuster is located on the under-
side of the bridge and is attached to the moving con-
tact arm by a spiral spring. The spring adjuster is
also held in place by a spring type clamp.

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

Indicating Contactor Switch Unit (ICS)

The indicating contactor switch is a small d-c
operated clapper type device, (Figure 7). A magnetic
armature, to which the 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 opera-
tion two fingers on the armature deflect a spring
located on the front of the switch, which allows the
operation indicator target to drop. The target is
reset from outside of the case by a push rod located
at the bottom of the cover.

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

OPERATION

Tripping Unit

The four-pole cylinder unit which acts to initiate
tripping for faults inside the protected line section
is connected open delta and operates as a three-
phase induction motor. Contact opening torque is
produced by the unit when the voltage applied to its
terminals has a positive-phase sequence. Contact-
closing torque is produced when negative-phase
sequence voltages are applied. Hence, the cylinder
unit has restraint or operating torque as determined
by the phase sequence of the voltage applied to its
terminals.

Compensator

Sensitivity to three-phase faults is pravided by
the compensator designated as T in figures 8, 9, 10,
and 11. The compensator is proportioned so that its
mutual impedance, Zc, has known and adjustable
values from T = 0.87 ohm to T = 5.8 ohms in 30-per-
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1.L. 41-491A

R

Fig. 7. Indicating Contactor Switch (ICS).

cent steps. Compensator mutual impedance Z c is
defined as the ratio of secondary induced voltage to
primary current and is equal to 1.5 T in the three-
phase unit compensator. The secondary (voltage)
winding of the compensator is in series with the ap-
plied voltage, (Figure 12), and vectorially subtracts
a value from the applied voltage which is proportion-
al to 1Z, where I is the relay current. When the line
impedance to the fault (ZF) is less than the com-
pensator setting (Zc), 1Z, becomes greater than the
line voltage drop to the fault. This reverses the
phase sequence of the voltage applied to the relay,
and contact-closing torque is produced in the cylin-
der unit.

Sensitivity to phase-to-phase faults is provided
by three compensators T ,, T}3 and Tee Each phase
voltage applied to the relay is modified by a com-
pensator secondary voltage derived from the related
line current. The operating principle of these com-
pensators is identical to that of the three-phase unit
but in these compensators the mutual impedance Z,
is equal to the T value. Current-derived voltages of
the compensator secondaries are subtracted vectorial-
ly from the applied voltages, (Figure 13). When Zg
is less than Zc the 1Z, drop reverses the phase
sequence of the compensated voltages and thereby
produces contact-closing torque in the cylinder unit.

Three Phase Unit

The Ry and Cgp parallel resistor-capacitor com-
bination in the compensated phase corrects for a
shift in the phase-angle relation between the voltage
across the left hand coils of Z (36) and the voltage
across the right hand coils of Z (36), in figures 8
through 11. This phase shift is produced by capaci-
tor Cgp- The Ry, C3a combination also provides
control of transients in the inductive coils of the
cylinder unit.

A small variable reactor X is used in the KD
relay only to compensate for variations in other com-
ponents and assists the Ry and Cgp combination to
correct phase-angle relations. The reactor has two
coils which may be connected in the factory either
in series or in parallel for stepped adjustment. A
screw type core is utilized for changing an internal
air gap to produce a continuous adjustment.

Phase-to-Phase Unit

Each of the three phase-to-phase fault combina-
tions subjects the cylinder unit to a different but
similar set of conditions. In order for the phase-to-
phase relay to have the same reach for all phase-to-
phase faults, particularly at low balance-point volt-
ages, it is necessary that the impedance angles of
the three circuits from the relay terminals to the
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Fig. 12, Voltage and Current Conditions for the Three-Phase Unit at the Shaded Breaker for Three-Phase Faults at Various

Locations.

common connection for Z (¢-4) and Rg be the same.
This requirement is fulfilled by the factory adjust-
ment of resistors Rya and” Ryc. This balance is
maintained when S tap 2 or 3 is used by virtue of the
balancing resistor Ry is the phase 2 voltage circuit.

This unit will always respond to a phase-to-phase
fault with the proper sense even though the fault
voltage may drop to zero. In this case there are
always two current derived quantities applied to the
operating unit terminals. These quantities produced
by the compensators always exist and contain all the
necessary information required by the unit for direc-
tional operation.

CHARACTERISTICS
(Phase-to-Phase Unit of KD and KD-1 Relays)

Distance Characteristic

This unit responds to all phase-to-phase faults
and most two-phase-to-ground faults. It does not
respond to load current, (synchronizing surges), or
out-of-step conditions. While a characteristic circle
can be plotted for this unit on the R-X diagram as
shown in Figure 14, such a characteristic circle has
no significance except in the first quadrant where
resistance and reactance values are positive: A small
portion of the fourth quadrant, involving positive 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

10

of the circle in the first quadrant is of interest be-
cause 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 sys-
tem is inherently directional and no separate direc-
tional unit is required.

An inspection of Figure 14 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 con-
stant, regardless of the system source impedance,
The broadening 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 allowances for re-
sistance in the fault. Stated another way, the charac-
teristics approach that of a reactance relay more and
more closely as the line being protected becomes
shorter and shorter with respect to the source im-
pedance back of the relaying location,

Sensitivity

A plot of relay reach, in percent of tap block set-
ting, versus relay terminal voltage is shown in
Figure 15. The phase-to-phase unit will accurately
measure the impedance from the relay location to
faults which occur at the balance point when the
fault provides at least 5 volts at the relay terminals
across the faulted phases. This statement is based
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Fig. 13. Voltage and Current Conditions for the Phase-to-
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on an S tap setting of 1. At S settings of 2 and 3, the
minimum voltage is 10 and 15 volts, respectively.
The unit will operate with the correct directional
sense for zero voltage phase-to-phase faults. For
this condition the fault current must be not less than
0.015 relay amperes with an ohm setting of 5.8 with
rated voltage on the unfaulted phase. Pick-up current
is proportionately higher in 8 = 2 and S = 3 taps.

The KD relay may be set without regard to pos-
sible overreach due to d-c transients. Compensators
pasically are insensitive to d-c transients which
attend faults on high-angle systems. The long time-
constant of a high-angle system provides a minimum
rate of change in flux-producing transient current with
respect to time, and therefore induces a minimum
of uni-directional voltage in the secondary. Asym-
metrical low-angle lines having a short time constant
can induce considerable voltage in the secondary,
but for the first half cycle, the transient-derived
voltage subtracts from the steady-state value. This
transient. decays sO rapidly that it is insignificant
during the second half cycle when it adds to the
steady-state value.

(3-Phase Unit of KD Relays)

Distance Characteristic

The three-phase unit has a characteristic circle
which passes through the origin as shown in Pig-

Phase Unit at the Shaded Breaker for BC Faults at Various

ure 16. This circle is independent of source im-
pedance. The three-phase unit is also inherently di-
rectional and does not require a separate directional
unit. The response of this unit to three-phase faults
is shown in Figure 12. Vector diagrams showing a
fault on the line at points A, B, C, and D illustrate
graphically how this unit identifies a fault within the
protected line section.

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 16) which
passes through the origin. However, since the YZ
voltage also drops to zero, the relay would be un-
able to determine whether an internal or external
fault existed. To correct this condition, a resonant
circuit is added to the BC voltage circuit of the relay
which allows the YZ voltage to collapse gradually,
thus giving a reference voltage to determine whether
the fault is inside the line or behind the relay.

The impedance curve for the KD three-phase unit
is shown in Figure 15. The minimum relay fault volt-
age for accurate balance point distance measurements
is 10 volts with an S tap setting of 1. At S settings
of 2 and 3, the minimum relay voltage is 20 and 30
volts respectively for a fault at the balance point.

n
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The unit will operate with the correct directional
sense for zero voltage three-phase faults when normal
voltage exists at the relay exists at the relay termi-
nals prior to the fault. This operation occurs due to
memory action as described above. The unit will have
Zero torque or perhaps a slight opening torque if
there is zero voltage at the relay prior to the fault or
after the memory action has subsided. With an im-
pedance setting of 5.8 ohms the three-phase unit will
directionally operate for faults which produce 2 volts
line to line and 1.0 ampere at the relay terminals.

Sensitivity at other than in tap T = 5.8 is defined
by the following equation:

At 2 volts, pick-up current is:

5.8
= amperes
I T p

Voltage sensitivity in this unit does not change with
a change in S taps.

The KD relay may be set without regard to pos-
sible overreach due to d-¢ transients.

(3-Phase Unit of KD-1 Relays)

Distance Characteristic

The three-phase unit of the KD-1 relay has a
characteristic circle which includes the origin as
shown in Figure 17. 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 a T set-
ting of 5.8 and 75 degrees to 120 percent of tap value
at 95 degrees for a T setting of .87. Figure 17, indi-
cates the relation of KD-1 operation to KD relay
operation for identical settings. The maximum torque
angle is set for 75 degrees while T is set at 5.8.
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Fig. 15. Impedance Curves for Type KD and KD-1 Relays.

A single turn current coil on the cylinder unit
provides for current-only torque and is small com-
pared to the many turns of the 5.8 setting of the
compensator and has very little influence on the
overall settings. However, as the compensator set-
ting is reduced to the single turn current coil be-
comes larger by comparison and has more and more
effect on the overall settings.

The impedance curve for the KD-1 three-phase
unit is shown in Figure 15. This unit will operate to
close the left hand contact on current only for 3 or
more amperes relay current.

General Characteristics

Impedance settings in ohms reach can be made
for any value from .75 ohms to 20 ohms in steps of 3
percent. The maximum torque angle which is set for
75 degrees at the factory may be set for any value
from 60 degrees to 83 degrees. A change in maximum
torque angle will produce a slight change in reach
for any given setting of the relay. The change of
reach Z with respect to maximum torque angle 0 is
defined by the equation:

_ TS sin &
" (1 £ M) sin 75°

TAP PLATE MARKINGS

(T, Ta, T, and T¢)
.87 1.16 1.6 2.2 3.0 4.2 5.8

(S, Sa, Sc, Rp)
1 2 3

(M, Ma, Mg)
t Values between taps .03 .06 .06
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TIME CURVES AND BURDEN DATA
Operating Time

The speed of operation for the KD relay three-
phase and phase-to-phase units is shown by the
time curves in Figure 18. System conditions are de-
fined for each curve by the magnitude of current that
flows when a fault occurs at the extreme end of the
relay setting. The curves indicate the time in milli-
seconds required for the relay to close its contacts
for tripping after the inception of a fault at any point
on a line within the relay setting.

Figure 19 and Figure 20 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-closing time for faults
within the relay setting.

Current Circuit Rating in Amperes

Tap Setting Continuous 1 Second
5.8 5 240
4.2 7 240
3.0 10 240
2.2 10 240
1.6 10 240
1.16 10 240
0.87 10 240

Burden

The burden which the relays impose upon poten-
tial and current transformers in each phase is shown
by Figure 21 and Figure 22 for the KD and KD-1
relays respectively. The potential burden and burden
phase angle are based on line-to-neutral voltage ap-
plied to the relay terminals.

Trip Circuit Constants

the desired ohmic reach of the relay.

compensator tap value

Auto-transformer primary tap value

® ® 4 N
"

Maximum torque angle setting of the relay.

. ° Sin &
(For a factory setting of 75" then Sin 75 - 1.)

M = Auto-transformer secondary tap value.
(This is a Per Unit value and is determined
by thesum of the values between the “L” and
the “R” leads. The sign is positive when
“1,” is above “R” and acts to Lower the Z
setting. The sign is negative when “R” is
above “L” and acts to Raise the Z setting).

Zpri = ohms of the total line section

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

Rc = current transformer ratio
Ry = 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

__ (sin75%
of 6.9 S greater than Zgwhere Zp=2 (s—_in 3%
2. Select a value for T that is nearest the value
Zg
S

3. Determine the value of M that will most nearly

make M :-;—Sg- 1. If the sign is negative, then

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

For example, assume the desired reach, Z, of the
0.1 ohms d.c. resistance relay is 7 ohms at 60 degrees. Then Zg =T x 1.11 =

0.2 tap — 6.5 ohms

1 ampere rating:
0.2/2.0 ampere rating:

2 tap — 0.15 ohms

SETTING CALCULATIONS

Calculations for setting the KD and KD-1 relays
are straightforward and apply familiar principals.
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:

TS (Sin 8 ) 0.9 R¢
T 1+M (Sin 75°) P Ry

The terms used in this formula are defined as follows:

7.8 ohms.

1. The lowest tap S for 6.9 S greater than 7.8

iss=2

7.8 .
2. T nearest to -5 = 3.9 is 4.2 ohms
_8.4
3. M . 1=1.075~-1=.075 (Use M = .09)
4.2 x2, _
4, Then Zg( 1t -09) = 7.7 ohms
Sin 8 .

5 Z=2Z¢ (Sin 750) = 6.9 relay ohms at a maxi

mum torque angle setting of 60 degrees which
is 98.6% of the desired value.
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SETTING THE RELAY

The KD and KD-1 relays require settings for each
of the four compensators (T, Ta, Ty, and Tg), each
of the three auto-transformers, primaries (S, S, and
Sc) and secondaries (M, Ma, and Mc), and the bal-
ancing resistor Rg which should be set at the same
value at 84 and Sc. All of these settings are made
with taps on the tap plate between the operating
units.

Compensators (T, Ta, Tg, and Tc)

Each set of compensator taps terminate in inserts
which are grouped on a socket and form approximate-
ly three quarters of a circle around a center insert
which is the common connection for all of the taps.
Electrical connections between common insert and
and tap inserts are made with a link that is held in
place with two 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-
nector screw in the center. Since the link and con-
nector screws carry operating current, be sure that
the screws are turned to bind snugly.

It is not necessary to set the three-phase unit at
the same value as the phase-to-phase unit but the
three-phase unit T should never be set for a higher
value than the phase-to-phase unit. All phase-to-
phase unit compensators Ta, Tg, and Tc must be
set equal to each other.

Auto-Transformers Primary (S, SA. and S¢)

‘Primary tap connections are made through a
single lead for each transformer. The lead comes out
of the tap plate through a small hole located just
below the taps and is held in place on the proper tap
by a connector screw, (Figure 4).

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 Mc)

Secondary tap connections are made through two
lgads identified as L and R for each transformer.
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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 can be made are
from - .15 to +.15 in steps of .03. The value of a set-
ting 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 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 sign of the
desired “M”’value, which lead should be higher than
the other. If the value is devisible by six (either .06
or .12) place the “higher” lead onto the top insert of
the “M” taps and secure it in place with one of the
connector screws. Then place the “lower” lead on
the second or third insert from the top for a .06 or .12
setting respectively. If the value is not divisible by
six (either 0, .03, .09 or .15) place the “lower” lead
on a bottom position, move the *“higher” lead to either
the bottom, second, third, or fourth position from the
bottom for a setting of 0, .03, .09, or .15 respective-
ly. Neither lead connector should make electrical
contact with more than one tap at a time.

Tabulated Settings

Znge M L Lead R Lead
0.87TS +.15 Upper .06 0
0.89 TS +.12 Upper .06 .03
0.92 TS + .09 Lower .06 0
0.94 TS + .06 Upper .06 Lower .06
0.97 TS + .03 .03 0

TS 0 0 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 .06

Rp Settings

Rp is a circuit balancing resistor for the phase-
to-phase unit. The Rp tap setting should be the same
as Sp and Sc settings.

Line Angle Adjustment

The maximum torque angle of the relay is set at
the factory to be 75° current lagging voltage and the
tap values are based on this angle. Generally speak-
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ing, the 75° setting can be applied on lines with
angles from 65° to 90° and the maximum error in
relay reach will not exceed 4%. However, the angle
can be set to any value between 60° and 80° by ad-
justing the compensator loading resistors R3, Raa,
Rop and Rac. Refer to the section titled CALIBRA-
TION when a change in maximum torque angle is
desired.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration and heat. Mount
the relay vertically 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 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.

SWITCHBOARD TESTING WiTH KD AND
KD-1 RELAYS

The KD and KD-1 relays may be used to check
out switchboard polarities if the direction of load
current is known. Current flowing into the line is
positive and current flowing out of the line is
negative.

Potential Circuit Check

Close the three relay potential switches num-
bered 7, 8, and 9, (Figure 23). The connection for
the proper phase sequence will be indicated by a
strong contact-opening torque. Closing torque will
indicate reverse-phase sequence.

Current Circuit Check-ldentification

Table I indicates a number of different connec-
tions which will produce contact-closing torque.
Contact-opening torque will be produced by reversing
the polarity of the currents listed for closing torque.
It is possible to identify an unknown current by using
the various switching combinations and thus eliminate
the current and polarity possibilities which are not
present. A maximum of four combinations will provide
a positive identification of any current in a phase
circuit. For instance, if closing torque is produced
by 1-b, we know that the phase-1 current circuit re-
ceives one of the following: +Ipg1, +IpH2, or ~IPH3.
Opening torque produced by 4-b indicates phase-1
gets +Ipg1, -IpH2, or +IpH3. Therefore, if the cur-
rent in the phase-1 circuit is one of the six values,
the Ipgo and Ippg possibilities cancel out, leaving
only +Ipy1.

Current Circuit Check-Verification

The circuits can be verified without going through
the entire switching procedure which is tabulated in
Table 1. Table II lists six combinations which will
positively verify that all current circuits are properly
connected. Of course, if any phase fails to verify, it
will then be desirable to identify the unknown current
by using additional switching combinations, as an
aid in determining what error exists in the switch-
board wiring.
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SWITCHING FOR CURRENT IDENTIFICATION

TABL

E I

Position of switches numbered: Unit which
should have | Phase Current & polarity
7 8 9 12, 14, 16, 18, |contact- receiving| which can produce
13 15 17 19 closing current | contact-closing torque
(3¢) torque Ipn1 |IpH2 | IPH3
nge“ a Closed - 3 - - +
jump Closed| Closed
to 9 b | Closed Closed|¢-¢ & 3¢ 1 + + -
Open a | Closed Closed |¢-¢ & 3¢ 1 + - -
&
Closed jump Closed
to 7 b Closed - 2 = + +
O‘;g)len a Closed P- 2 - + -
3 [losed|Closed jump
tog |P Closed b= 3 + - +
nge“ a Closed b-¢ 3 + - +
4 [Closed|Closed jump
to 7 |DP| Closed Closed|¢-¢ & 3¢ 1 - + -
O(;g)zen a| Closed Closed |- & 3¢ 1 + + -
5 jump Closed| Closed
to 8 b Closed P-¢b 2 - - +
ngen a Closed d-¢ 2 - + +
6 [Closed jump Closed
to 9 b Closed|¢-¢ 3 + - -
TABLE |1
SWITCHING FOR CIRCUIT VERIFICATION
Phase to be Switching Torque when phase current is
verified combination (+) Into the line (-) Out of the line
1 1b closing opening
4b opening closing
2 2b closing opening
5b opening closing
3 3b closing opening
6b opening closing
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ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory and
should not be disturbed after receipt by the customer.
If the adjustments have been changed or the relay
taken apart for repairs, or if it is desired to check
the adjustments at regular maintenance periods, the
instructions below should be followed.

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

Acceptance and Calibration Check

KD and KD-1 relays have a very small number of
moving parts and mechanical devices which might
become 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
relay measures the balance point impedance
accurately.

Check the electrical response of the relay by
using the test connection shown in Figure 24.

A. Use connections for Test No. 1 and adjust the
voltages Vipop and Vopsp 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 an angle
of 75° current lag.

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 Vip2p equals 30
volts. (120-45V-45V =30V)

E. The current required to make the contacts
close for the phase-to-phase (top) unit should
be between 2.95 and 3.05 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 greater than 2% 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 Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c 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 greater than 1.2 amperes for
the 1.0 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 .070"
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact’ should touch both stationary contacts simul-
taneously.

Calibration

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

Connect the relay for testing as shown in Fig-
ure 24. The four-pole-double-throw switch shown in
the test circuit, selects the type of veltage 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 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.

Auto-Transformer check:

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

Set S, Sp, amd S¢ on tap number 3. Set the “R”
leads of M, Ma, and Mc all on 0.0 and disconnect all
the “L.” leads. Adjust the voltages Vipop and Vopsp
for 90 volts. Measure the voltage from terminal 8 to
the #1 tap of S and Sa. It should be 30 volts. From 8
to the #2 tap of S and Sa should be 60 volts. The
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voltage should read 30 volts from 8 to Sc =1 and 60
volts from 8 to Sg = 2,

Set S, Sa, and S¢ on 1 and adjust Virop and
Vaop3p for 100 volts. Measure the voltage drop from
terminal 8 to each of the M and the Ma taps. This
voltage should be equal to 100 (1 + the sum of values
between R and the tap being measured). Example:
100 (1 + .03 + .06) = 109 volts.

Check the taps of M¢ in the same manner. Trans-
formers that have an output different from nominal by
more than 1.0 volt probably have been injured and
should be replaced.

Settings:

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

T, Ta, Ty, and Tc set on 5.8
S, Sa, Rp, and S¢ set on 1

“R” for M, Mp, and Mc set on 0.0

‘L” for M, Ma, and Mc 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 reactor is adjusted to
make the impedance angle of its own circuit equal to
the impedance angle of the compensator secondary’s
circuit. :

1. Connect the circuits of terminals 7 and 9 in
parallel by disconnecting 1F from Brush No. 1
and connecting 1F to 3F.

2. Adjust Brush No. 2 for 90 volts between termi-
nals 8 and 9. Voltage is zero between 7 and
9 because of the parallel connection. 90 volts
is sufficiently high to detect small unbalanc-
ing and not high enough to cause saturation
of the reactor.

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

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

B. Core adjustment (KD relay only).

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

1. Open the selector switch to a neutral position
and short circuit terminals 7, 8 and 9 or 1p,
2p, and 3p.

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
closing torque is produced for all values of
current. Do not bias the unit more than is
necessary because excessive opening torque
will tend to make the relay under reach at low
voltages.

3. The Reactor X adjustment should be checked
after any change in core adjustment.

C. Maximum torque angle adjustment.

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

2. Adjust the voltages Vigap and Vopgp for 50
volts with Brush No. 1 and Brush No. 2
respectively.

3. Adjust the current to 6 amperes and rotate the
phase shifter to find the two angles, &1 and Gy,
at which the bottom unit contacts just close.
The maximum torque angle & for the three-

O1 + Oy

( 2

This angle should be between 73° and 76°

when received from the factory.

phase unit then is ~ 30) degrees.

4. A smaller angle may be obtained by reducing
R3. The angle may be increased by increas-
ing R3.

D. Contact Adjustment.

KD Relay: With moving-contact arm against right-
hand backstop, screw the stationary contact in until
it just touches the moving contact. (Check for contact
by using an indicator lamp.) Then back the left-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 contact and then continue
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for one more complete turn. Adjust left-hand contact
as described 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
fault, Test No. 1, and set the phase shifter so that
the current lags voltage by 8°. Adjust the spring so
that the current required to close the left-hand con-
tact is as follows:

Voltages Vipop and Vopap = 10 volts

Current to trip KD 1.27 amperes

Current to trip KD-1 = 1.3 amperes.

II. Phase-to-Phase Unit:

A. Maximum torque angle adjustment. Note that a
change in the maximum torque angle adjustment may
upset the calibration of the resistors Rya and Rmc.
Therefore, the Rya and Ryc calibration should be
after any change in the maximum torque angle.

1. Use the No. 2 Test switch positions and lead
connections. This connection is for checking
and adjusting the maximum torque angle of
the phase-1 compensator.

2. Adjust the voltage Vipaop and Vopsg for 50
volts with Brush No. 1 and Brush No. 2
respectively.

3. Adjust the current to 10 amperes and rotate
the phase shifter to find the two angle, &1 and
O, at which the top unit contacts just close.
The maximum torque angle & for the phase-to-
phase unit then is (9—1;—6—2—) degrees. This
angle should be between 73° and 76° when
received from the factory.

4. The angle & can be changed by adjusting RaA.

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

5. Use 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-
sator. Adjustments may be made by varying
RZB.

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 Rac.

B. Rpa and Ry Calibration

These components serve the same purpose in the

phase-to-phase unit circuit as the reactor X does in
the 3-phase unit circuit. That is, Rya and Rmc are
adjusted so that their respective circuits have the
same impedance angle as the circuit of the tapped
resistor Rg. 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 circuit
Figure 24. Each value of current required to trip the
top cylinder unit for each of the three conditions
should 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 of Ryja or RmMc can cause the spread in cur-
rent values to increase to more than 10%.

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

9. Adjust the voltage between PH.1 and 1F and
between PH.2 and 2F for 57.5 volts each using
Brush No. 1 and Brush No. 2 respectively.
This will provide 5 volts between 1F and 2F
(Vipop = 120 - 57.5 - 57.5 = 5 volts).

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

4. With load current set for 0.51 amperes, adjust
Rpa So that the top cylinder unit contacts
just close.

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

6. Determine the current value at which the con-
tacts close for a 3-1 fault using Test No. 7.
If the 3-1 fault current is greater than 0.51
amperes then Rya is too low and Rmc is
too high.

7. Increase Rya 2 slight amount and reduce Rmc
an equal amount until the contacts just close
for 0.51 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
No. 7 within + 2%.

9. If the currents are not equal + 2% then use the
average value for Tests Nos. 5 and 6 deter-
mined in steps 8 and repeat steps 1 through 8.
At first there may be an over-correcting or
pendulum action as one balances the Rya
and Ryc resistors. However, with a little ex-
perience the circuits can be balanced after
two or three trials.
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C. Spring Restraint.

1. Use Test No. 1 connections except reverse
the voltage phase sequence by interchanging
the Brush connections so that Brush 1 is con-
nected to 3F and Brush 2 is connected to 1F.

2. Adjust the voltages Vipap and Vapsp for 3.5
volts each with Brush No. 2 and Brush No. 1
respectively. Position the moving-contact
spring adjuster so that the contact just floats
and then return the circuit connections to
normal with Brush 1 to 1F and Brush 2 to 3F.

D. Contact Adjustment,.

The procedure for contact adjustment for the
phase-to-phase unit is identical to that described in
section D for the 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
5 Vi-L to 120 Vp,-1,. The corrected tap value is the
actual relay reach at a given maximum torque angle &
and is equal to Zg = 1 'I;SM (:i: 7850 ). The relay is

now calibrated and ready for service.

III. Compensator Check

Accuracy of the mutual impedance Z¢ of the com-
pensators is set within very close tolerances at the
factory and should not change under normal condi-
tions. The mutual impedance of the compensators can
be checked with accurate instruments by the pro-
cedure outlined below.

A. Set T, Tp, Tg, and T on the 5.8 tap.

B. Disconnect the “L” leads of sections M, Ma,

and Mc and the brush leads of R3, R2a, Rap,
and Rae.

C. Connect terminals 13 to 14, 15 to 16, 17 to 18
and pass 10 amperes a.c. current in terminal
19 and out of terminal 12,

D. Measure the compensator voltage Ve with a
high resistance voltmeter 5,000 ochm/volt as
tabulated below. Refer to Figure 1 for the
location of R3, RoA, Rag, and Rac.
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Measure V¢
Voltmeter Reading
From To Fixed (8 =90°)
Terminal End of
in &
Ve = LSIT (Soems)
“L” of M R3 sin 75
= 90.1 volts
“L” of Mp Raa i O
sin
Ve = —
8 Rog c=IT G5
= 60.1 volts
“L” of Mg Rac vo

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

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c 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 greater than 1.2 amperes
for the 1.0 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 .070"
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simul-
taneously.

Electrical Checkpoints

A. Three-Phase Unit

Connect the relay for a three-phase fault, Test
No. 1 of Figure 24, and set the phase shifter so that
the current lags the voltage by & degrees. The cur-
rent required to trip the retay should be within the
limits specified for each of the voltages. Note that
for the three-phase unit the impedance measured by

VL-L
the relay is Zg = 73

» where Vi,.1, is phase-to-
L
phase fault voltage and Iy, is phase current.

Volts Amperes (@ = 75°)t
ViF2F - I
&V2F3F min max
10 1.27 KD
- 1.3 KD-1
3.6 KD
30 3.44 3.65 KD-1
70 7.9 8.1 Both
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B. Phase-to-Phase Unit Test Volts | Amperes(6=15")T

Using the connections for Tests Nos. 5, 6, and No. Vipor Imin Imax
7, set the phase shifter so that the current lags
voltage by &°. The current required to trip the phase- 56 &7 5.0 0.50 0.52
to-phase unit should be within the limits specified For both,
for each of the voltages. Note that for the phase-to- 30.0 2.95 3.05 |KDandKD-1,
phase unit the impedance measured by the relay relays

Vi-L 70.0 6.90 7.10

is Zp = 21 where Vi,.1, is phase-to-phase fault

voltage and Iy, is phase current.

t To determine the limits of current when & is not

equal to 75°, multiply the nominal values tabulated

. O
above by the ratio __s¥n 75 .
sin &
TABLE 111
NOMENCLATURE FOR RELAY TYPES KD AND KD-1
UNIT ITEM DESCRIPTION
7(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 = 680 to 740 ohms
RM 2 Inch Resistor 4000 ohms Fixed for KD
(3-1/2 inch 8500 ohm Adj. for KD-1)
[ R3 2 Inch Resistor 6€0 ohms Adjustable
)
<
E C3a 1.23 MFD Capacitor for KD (0.6 MFD for KD-1)
)
Eﬁ Csc 0.50 MF'D Capacitor (0.6 MFD for KD-1)
o
o
H T Compensator (Primary Taps —.87; 1.16; 1.6; 2.2; 3.0; 4.2; 5.8)
S 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(p-) Two Element-Coils; Total d.c. Resistance = 560 to 600 ohms
RMA 3-1/2 inch Eesistor 2000 to 3000 ohms adjustable
M RMC
<
ust Rp 2 inch Resistor Fixed Taps at 273; 298; 328 ohms
[aF
1
S Rga, Rog, Rac 2 inch Resistors 600 ohms Adjustable
e
2 Caa, Coc 1.6 MFD apacitors
n
Ta, Tp, TC Compensators Same As T
Sa, Sc Same As S
Ma, Mc Same as M
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TYPES KD AND KD-1 RELAYS

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
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 2), is similar to the
KD relay except its characteristic impedance circle
includes the origin. This relay is applied as a third
zone of protection in distance carrier schemes but it
may also be used for zone three in straight distance
relaying.

Both the KD and KD-1 are available with indicat-
ing contactor switches with either 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 a lockout relay is energized or where
a high impedance tripping auxiliary relay is utilized.

CONSTRUCTION

The types KD and KD-1 relays each consists of
four single air gap transformers (compensators), three
tapped auto-transformers, two cylinder type operating
units, and an ICS indicating contactor switch. The
KD relay also contains an adjustable reactor not
used in KD-1.

Compensator

The compensators which are designated T, Ty,
Ty, and TC are two-winding air-gap transformers,
(Figure 3). The primary, or current winding, has
seven taps which terminate at the tap block, (Fig-
ure 4). They are marked .87, 1.16, 1.6, 2.2, 3.0, 4.2,
and 5.8. Cumrent flowing through the primary coil
provides an MMF which produces magnetic lines of
flux in the core.

A voltage is induced in the secondary which is
proportional to the primary tap and current magnitude.
This proportionality is established by the cross 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 previsely 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 subtracted vectorially
from the relay terminal voltage. The second section
is connected to an adjustable loading resistor and
provides a means of adjusting the phase angle rela-
tion between primary current and the induced second-
ary voltage. The phase angle may be set for any
value between 60° and 80° by adjusting the resistor
between its minimum and maximum values respective-
ly. The factory setting is for a maXximum torque angle
of 75° current lagging voltage.

Auto-Transformer

The auto-transformer has three taps on its main
winding, S, which are numbered 1, 2, and 3 on the
tap block. A tertiary winding M has four taps which
may be connected additively or subtractively to in-
versely modify the 8 setting by any value from -15 to
+15 percent in steps of 3 percent,

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

The auto-transformer makes it possible to expand

the basic range (T = 0.87 to 5.8 ohms) by a multiplier
S

of TIw e 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, TR,

and T¢ with the auto-transformer taps S and M, S,

and MA, and SC and Mc.

The device which acts to initiate tripping is a
four-pole cylinder unit which is connected open delta
and operates as a three-phase induction motor. Con-
tact-closing torque is produced by the unit when the
voltage applied to its terminals has a negative-phase
sequence. Closing torque for the relay forces the

~

L
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Fig. 3. Compensator Construction.

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
operating torque as determined by the phase sequence
of the voltages applied to its terminals.

Mechanically, the cylinder unit is composed of
four basic components: a die-cast aluminum frame,
an electromagnet, 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
locking nut. In the KD relay only, the core of the
three-phase (lower) unit is 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 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; two magnetic adjusting plugs;
upper and lower adjusting plug clips, and two locat-
ing pins. In the KD-1 relay only, the three-phase
(lower) unit has a single turn of heavy wire around
one of its poles. This single turn carries the com-
pensator current and provides a means of obtaining
contact closing torque with current only. The locat-
ing pins are used to accurately position the lower
pin bearing, which is mounted on the frame, with re-
spect to the upper pin bearing, which is threaded
into the bridge. The electromagnet is secured to the
frame by four mounting screws. The magnetic ad-
justing plugs are not used for calibration in the KD
and KD-1 relays and should be screwed all the way
down.

The moving element assembly consists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The hub to which the moving-contact arm is
clamped has a wedge-and-cam construction, (Fig-
ure 5), to provide low-bounce contact action. The
contact carrying member which is supported by a
brace makes up two sides of a simple truss. A pro-
jection located at one pin position on the truss
strikes a step in the hub when restraint torque is
produced by the cylinder. This limits the reverse
slip of the hub to a reset position with respect to the
moving-contact arm. A boss on the truss, at another
pin position, prevents a side force from being applied,
by the hub, to the member which is between the boss
and the projection.

When the cylinder produces contact-closing torque
and the contacts close, the hub and a lining then
begin to slip inside the clamp. The projection on the
clamp, which is part of the truss, slips on the lining
at the bottom of the step until the wedge action stops
the slipping. Restraint torque will then reset the
hub. A rolling action between the moving contact
and the stationary contact is accomplished by the
cam action of the hub whose center is offset from the
rotational center.

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

Optimum contact action is obtained when a force
of 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
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Fig. 7. Indicating Contactor Switch (ICS).

pensators is identical to that of the three-phase unit
but in these compensators the mutual impedance Z,
Is equal to the T value. Current-derived voltages of
the compensator secondaries are subtracted vectorial-
ly from the applied voltages, (Figure 13). When Zyn
is less than ZC the 1Z. drop reverses the phase
sequence of the compensated voltages and thereby
produces contact-closing torque in the cylinder unit.

Three Phase Unit

The Ry and Cq, parallel resistor-capacitor com-
bination in the compensated phase corrects for a
shift in the phase-angle relation between the voltage
across the left hand coils of Z (36) and the voltage
across the right hand coils of Z (364), in figures 8
through 11. This phase shift is produced by capaci-
tor C3c. The Ry, Cy A combination also provides
control of transients in the inductive coils of the
cylinder unit.

A small variable reactor X is used in the KD
relay only to compensate for variations in other com-
ponents and assists the RM and C3a combination to
correct phase-angle relations. The reactor has two
coils which may be connected in the factory either
in series or in parallel for stepped adjustment. A
screw type core is utilized for changing an internal
air gap to produce a continuous adjustment.

Phase-to-Phase Unit

Each of the three phase-to-phase fault combina-
tions subjects the cylinder unit to a different but
similar set of conditions. In order for the phase-to-
phase relay to have the same reach for all phase-to-
phase faults, particularly at low balance-point volt-
ages, it is necessary that the impedance angles of
the three circuits from the relay terminals to the
common connection for Z (¢-¢) and Ry be the same.
This requirement is fulfilled by the factory adjust-
ment of resistors Ryya and Ryc. This balance is
maintained when S tap 2 or 3 is used by virtue of the
balancing resistor Ry in the phase 2 voltage circuit.

This unit will always respond to a phase-to-phase
fault with the proper sense even though the fault
voltage may drop to zero. In this case there are
always two current derived quantities applied to the
operating unit terminals. These quantities produced
by the compensators always exist and contain all the
necessary information required by the unit for direc-
tional operation.

CHARACTERISTICS
(Phase-to-Phase Unit of KD and KD-1 Relays)

Distance Characteristic

This unit responds to all phase-to-phase faults
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Fig. 12. Voltage and Current Conditions for the Three-Phase Unit at the Shaded Breaker for Three-Phase Faults at Various

Locations.

and most two-phase-to-ground faults. It does not
respond to load current, (synchronizing surges), or
out-of-step conditions, While a characteristic circle
can be plotted for this unit on the R-X diagram as
shown in Figure 14, such a characteristic circle has
no significance except in the first quadrant where
resistance and reactance values are positive. A small
portion of the fourth quadrant, involving positive 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 is involved in the fault. The phase-to-
phase unit operating on an actual fransmission sys-
tem is inherently directional and no separate direc-
tional unit is required.

An inspection of Figure 14 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 con-
stant, regardless of the system source impedance.
The broadening 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 re-
sistance in the fault. Stated another way, the charac-
teristics approach that of a reactance relay more and

more closely as the line being protected becomes
shorter and shorter with respect to the source im-
pedance back of the relaying location.

Sensitivity

A plot of relay reach, in percent of tap block set-
ting, versus relay terminal voltage is shown in
Figure 15. The unit will operate with the correct
directional sense for 2zero voltage phase-to-phase
faults. For this condition the fault current must be
not less than 0.015 relay amperes with an ohm setting
of 5.8 with rated voltage on the unfaulted phase. Pick
up current is proportionately higher in S= 2 and S = 3
taps.

The KD relay may be set without regard to pos-
sible overreach due te d-c transients. Compensators
basically are insensitive to d-c transients which
attend faults on high-angle systems. The long time-
constant of a high-angle system provides a minimum
rate of change in flux-producing transient current with
respect to time, and therefore induces a minimum
of uni-directional voltage in the secondary. Asym-
metrical currents resulting from faults on low-angle
systems having a short time constant can induce con-
siderable voltage in the secondary, but for the first
half cycle, the transient-derived voltage subtracts
from the steady-state value. This transient decays
so rapidly that it is insignificant during the second

1
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Fig. 13. Voltage and Current Conditions for the Phase-to-Phase Unit at the Shaded Breaker for BC Faults at Various

Locations.

half cycle when it adds to the steady-state value.
(3-Phase Unit of KD Relays)

Distance Characteristic

The three-phase unit has a characteristic circle
which passes through the origin as shown in Fig-
ure 16. This circle is independent of source im-
pedance. The three-phase unit is also inherently di-
rectional and does not require a separate directional
unit. The response of this unit to three-phase faults
is shown in Figure 12. Vector diagrams showing a
fault on the line at points A, B, C, and D illustrate
graphically how this unit identifies a fault within the
protected line section.

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 16) which
passes through the origin. However, since the YZ
voltage also drops to zero, the relay would be un-
able to determine whether an internal or external
fault existed. To correct this condition, a resonant
circuit is added to the BC voltage circuit of the relay
which allows the YZ voltage to collapse gradually,
thus giving a reference voltage to determine whether
the fault is inside the protected line section or behind
the relay.

12

Sensitivity

The impedance curve for the KD three-phase unit
is shown in Figure 15.

The unit will operate with the correct directional
sense for zero voltage three-phase faults when normal
voltage exists at the relay terminals prior to the fault.
This operation occurs due to memory action as de-
scribed 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
5.8 ohms the three-phase unit will directionally oper-
ate for faults which produce 2 volts line to line and
1.0 ampere at the relay terminals.

Sensitivity at other than in tap T = 5.8 is defined
by the following equation:

At 2 volts, pick-up current is:

I = amperes
T p

Voltage sensitivity in this unit does not change with
a change in S taps.

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

(3-Phase Unit of KD-1 Relays)
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Distance Characteristic

The three-phase unit of the KD-1 relay has a
characteristic circle which includes the origin as
shown in Figure 17. 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 a T set-
ting of 5.8 and 75 degrees to 120 percent of tap value
at 95 degrees for a T setting of .87. Figure 17, indi-
cates the relation of KD-1 operation to KD relay
operation for identical settings. 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 torque 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 compensator set-
ting is reduced, the single turn current coil becomes
larger by comparison and has more and more effect
on the overall settings.

Sensitivity

The impedance curve for the KD-1 three-phase
unit is shown in Figure 15. This unit will operate to
close the left hand contact on current only for 3 or
more amperes relay current.

General Characteristics

Impedance settings in ohms reach can be made
for any value from .75 ohms to 20 ohms in steps of 3
percent. The maximum torque 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. The change of

Fig. 15. Impedance Curves for Type KD and KD-1 Relays.

reach Z with respect to maximum torque angle & is
defined by the equation:

7 = TS sin &
T (1 +M) sin 75°

TAP PLATE MARKINGS

(T, Ta, T, and Tg)
.87 1,16 1.6 2.2 3.0 4.2 5.8

(S, Sa, Sc, RB)
1 2 3

(M’ MA: MC)
+ Values between taps .03 .06 .06

TIME CURVES AND BURDEN DATA

Operating Time

The speed of operation for the KD relay three-
phase and phase-to-phase units is shown by the
time curves in Figure 18. System conditions are de-
fined for each curve by the magnitude of current that
flows when a fault occurs at the extreme end of the
relay setting. The curves indicate the time in milli-
seconds required for the relay to close its contacts
for tripping after the inception of a fault at any point
on a line within the relay setting,

Figure 19 and Figure 20 show the KD-1 operating
time of the phase-to-phase unit and the three-phase
unit respectively. These curves show both contact-

13
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opening time and contact-closing time for faults
within the relay setting.

Current Circuit Rating in Amperes

Tap Setting Continuous 1 Second
5.8 5 240
4,2 7 240
3.0 10 240
2.2 10 240
1.6 10 240
1.16 10 240
0.87 10 240

Burden

The burden which the relays impose upon poten-
tial and current transformers in each phase is shown
by PFigure 21 and Figure 22 for the KD and KD-1
relays respectively. The potential burden and burden
phase angle are based on line-to-neutral voltage ap-
plied 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
SETTING CALCULATIONS

Calculations for setting the KD and KD-1 relays
are straightforward and apply familiar principals.
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 ) _ 09R
(Sin 75°) PR,

The terms used in this formula are defined as follows:

Zy = 7Z

Zg = the desired ohmic reach of the relay.
. TS
T1:M
= compensator tap value

= the tap plate setting.

Auto-transformer primary tap value

> ® H N

Maximum torque angle setting of the relay.

t

(For a factory setting of 75° then :?1—2,?5—0 = 1.)
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).

16

Zpri = ohms of the total line section

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

Re = current transformer ratio
Ry = potential transformer ratio

The following procedure should be followed in

order to obtain an optimum setting of the relay.

1. Select the lowest tap S which gives a product

_ . (sin75%
0f 6.9 S greater than Z where Z = Zy (s——in 5%
2. Select a value for T that is nearest the value
z
S

3. Determine the value of M that will most nearly
TS

make M = — -1, If the sign is negative, then
Z

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

For example, assume the desired reach, Zg of the
relay is 7 ohms at 6C degrees. Then Z =7 x 1.11 =
7.8 ohms.

1. The lowest tap S for 6.9 S greater than 7.8

isS=2
7.8 .
2. T nearest to - = 3.9 is 4.2 ohms
_8.4 _
3. M =78 1 =1.075-1=.075(Use M =.09)

4., Then Z =(%£‘) = 7.7 ohms

5. Zg=Z (—2—;2—353) = 6.9 relay chms at a maxi-

mum torque angle setting of 60 degrees which
is 98.6% of the desired value.

SETTING THE RELAY

The KD and KD-1 relays require settings for each
of the four compensators (T, Ta, Ty, and Tg), each
of the three auto-transformers, primaries (S, Sa, and
Sc) and secondaries (M, Ma, and Mc), and the bal-
ancing resistor Rg which should 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
thie operating units.

Compensator (T, To, Tg, and T¢)

Each set of compensator taps terminate in inserts
which are grouped on a socket and form approximate-
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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.

SWITCHBOARD TESTING WITH KD AND
KD-1 RELAYS

The KD and KD-1 relays may be used to check
out switchboard polarities if the direction of load
current is known. Current flowing into the line is
positive and current flowing out of the line is
negative.

Potential Circuit Check

Close the three relay potential switches num-
bered 7, 8, and 9, (Figure 23). The connection for
the proper phase sequence will be indicated by a
strong contact-opening torque. Closing torque will
indicate reverse-phase sequence.

Current Circuit Check-ldentification

Table I indicates a number of different connec-
tions which will produce contact-closing torque.
Contact-opening torque will be produced by reversing
the polarity of the currents listed for closing torque.

20

It is possibie to identify an unknown current by using
the various switching combinations and thus eliminate
the current and polarity possibilities which are not
present. A maximum of four combinations will provide
a positive identification of any current in a phase
circuit. For instance, if closing torque is produced
by 1-b, we know that the phase-1 current circuit re-
ceives one of the following: +Ipy1, +Ipga, or -IpHs3.
Opening torque produced by 4-b indicates phase-1
gets +Ipy1, ~Ipyo, or +Ipg3. Therefore, if the cur-
rent in the phase-1 circuit is one of the six values,
the Ipgg and Ipy3 possibilities cancel out, leaving
only +Ipgi1. For maximum sensitivity, the T taps
should all be seton 5.8 and S tapson 1 to make these
tests. The taps should then be returned to their
proper settings after the tests are completed.

Current Circuit Check-Verification

The circuits can be verified without going through
the entire switching procedure which is tabulated in
Table I. Table II lists six combinations which will
positively verify that all current circuits are properly
connected. Of course, if any phase fails to verify, it
will then be desirable to identify the unknown current
by using additional switching combinations, as an
aid in determining what error exists in the switch-
board wiring.

o
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TABLE |

SWITCHING FOR CURRENT IDENTIFICATION

Position of switches numbered: Unit which -H-
should have | Phase Current & polarity
7 8 9 12, 14, 16, 18, |contact- receiving| which can produce
13 15 17 19 closing current | contact-closing torquL
(3¢) |torque Irx1 {Ipu2 | IPH3
Oglen a Closed p-¢ &t 3 - - t
1 jump Closed| Closed
to 9 b | Closed Closed|¢-¢ & 3¢ 1 + + -
Open a | Closed Closed|¢-¢ & 3¢ 1 + - -
&
2 [losed jump Closed
to 7 b Closed p-d &t 2 - + +
ngen a Closed b-d &t 2 - + -
3 [losed|Closed jump
b Closed b-d &t 3 + - +
to 8 :
ngen a Closed p-d&t 3 + - +
4 Closed|Closed jump
to7 |P| Closed Closed| ¢ -¢ & 3¢ 1 - + -
ngen a | Closed Closed|¢-¢ & 3¢ 1 + + -
5 jump Closed| Closed
b Closed P-d &t 2 - - +
to 8 '
Oglen a Closed é-¢ &t 2 - + +
6 [Closed jump Closed
to 9 b Closed b-¢ &t 3 + - -

t Block 3 ¢ Unit Open
1+ Based on Limits of § tfpp = 30° to 90°
6 =Max. Torque Angle (Always Positive)
gPF:Power Factor Angle (Negative for Current Lagging, Positive for Current Leading)

TABLE |1
SWITCHING FOR CIRCUIT VERIFICATION

Phase to be Switching Torque when phase current is
verified combination (+) Into the line (-) Out of the line
1b closing open@ng
2a closing opening
1 4b opening closing
2b closing opening
3a closing opening
2 5b opening closing
la closing gggﬁigg
3h closing o ine

opening

21
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I.L. 41-491C

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
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 available with indicat-
ing contactor switches with either 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 a lockout relay is energized or where
a high impedance auxiliary tripping relay is utilized.

Refer to 1.1.. 41-91I for a description of how KD &
KD-1 relays are used in directional comparison block-

ing systems.

CONSTRUCTION

The types KD and KD-1 relays each consists of
four single air gap transformers (compensators), three
tapped auto-transformers, two cylinder type operating
units, and an ICS indicating contactor switch. The
KD relay also contains an adjustable reactor not
used in the KD-1,

Compensator

The. compensators which are designated T, Tp,
Ty, and TC are two-winding air-gap transformers,
(Figure 2). The primary, or current winding, has
seven taps which terminate at the tap block, (Fig-
ure 3). They are marked .87, 1.16, 1.6, 2.2, 3.0, 4.2,
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
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 propor-
tional to the line current is subtracted vectorially
from the relay terminal voltage. The second section
is connected to an adjustable loading resistor and
provides a means of adjusting the phase angle rela-
tion between primary current and the induced second-
ary voltage. The phase angle may be set for any
value between 600 and 800 by adjusting the resistor
between its minimum and maximum values respective-
ly. The factory setting is for a maximum torque angle
of 750 current lagging voltage.

Avto-Transformer

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

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

The auto-transformer makes it possible to expand
the basic range (T = 0.87 to 5.8 ohms) by a multiplier
ofl—fﬁ. 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, T,
and T¢ with the auto-transformer taps S and M, Sp

and My, 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 three-phase induction motor. Con-
tact-closing torque is produced by the unit when the
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Fig. 2. Compensator Construction.
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voltage applied to its terminals has a negative-phase
sequence. Closing torque for the relay forces the
moving contact to the left hand side as viewed from
the front of the relay. Contact-opening torque is
produced when positive-phase sequence voltages are
applied. Hence, the cylinder unit has restraint or
operating torque as determined by the phase sequence
of the voltages applied to its terminals.

Mechanically, the cylinder unit is composed of
four basic components: a die-cast aluminum frame,
an electromagnet, 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
locking nut. In the KD relay only, the core of the
three-phase (lower) unit is 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 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

3 PHASE UNIT
SETTINGS

| PHASE.TO-PHASE
UNIT SETTINGS

Fig. 3. Tap Plate.

AT
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each set of poles. In the KD-1 relay only, the three-
phase (lower) unit has a single turn of heavy wire
around one of its poles. This single turn carries the
compensator current and provides a means of obtain-
ing contact closing torque with current only. Locat-
ing pins on the electromagnet are used to accurately
position the lower pin bearing, which is mounted on
the frame, with respect to the upper pin bearing,
which is threaded into the bridge. The electromagnet
is secured to the frame by four mounting screws.

The moving element assembly consists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The hub to which the moving-contact arm is
clamped has a wedge-and-cam construction, to pro-
vide low-bounce contact action. A casual inspection
of the assembly might lead one to think that the con-
tact 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
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 150
to 200,

The shaft has removable top and bottom jewel
bearings. The shaft rides between the bottom pin
bearing and the upper pin bearing with the cylinder
rotating in an air gap formed by the electromagnet
and the magnetic core. The stops are an integral
part of the bridge.

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 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 a spring type clamp.
The spring adjuster is located on the underside of the
bridge and is attached to the moving contact arm by a
spiral spring. The spring adjuster is also held in
place by a spring type clamp.

When the contacts close, the electrical connec-
tion is made through the stationary contact housing

clamp, to the moving contact, through the spiral
spring and out to the spring adjuster clamp.

Indicating Contactor Switch Unit (I CS)

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

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

OPERATION

Each KDorKD-1 relay has two major components —
compensators and tripping units. In the internal
schematics of Figs. 4 & 5 the compensators are
designated T, Ta, Ty and T¢; the tripping units, Z
(30) & Z (9@). The phase-to-phase unit Z (g@) oper-
ates for all combinations of phase-to-phase faults
(phases 1-2, 2-3 & 3-1). The 3 phase unit Z (364)
operates for close-in two-phase-to-ground faults,
although most two-phase-to-ground faults are cleared
by operation of the phase-to-phase unit. Each of the
tripping units and its associated compensator circuit
are electrically separate, and will now be considered
successively.

Three Phase Unit

A single compensator T has its primary energized
with (I1 — 3Ig) current in Fig. 17. Current I 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 to insert the 3Ig component. The alternate con-
nection supplies the compensator primaries with
(~Ig — I3). Since Iy + I3 + I3 = 3[g, (I3 — 3Ig) =
( —Iz — I3). (Currents I3, I9 and I3 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 Z. This
winding is wound on the {ripping 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
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BUS ZONE | RELAY BUS
| SET 90% OF 'i
i LINE SECTION
Y M S v B Bl "
AV4 Y
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K-DAR RELAY BALANCE POINT |
I LOCATION BEING | | I
| CONSIDERED | |
i | |
| I, |
FAULT BEHIND RELAY FAULT WITHIN BALANCE POINT FAULT AT BALANCE POINT FAULT BEYOND BALANCE POINT

(70}

NOTE: THE VOLTAGE TRIANGLES AT EACH FAULT LOCATION (A,B,C&D) REPRESENT THE VOLTAGES SEEN BY THE
K-DAR RELAY TERMINAL LOCATED AT THE SHADED BREAKER FOR 3 PHASE FAULTS OCCURING AT EACH

LOCATION (A,B,C&D)-

LoTchs9

Fig. 6. Voltage and Current Conditions for the Three-Phase Unit at the Shaded Breaker for Three-Phase Faults at Various

Locations.
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K-DAR RELAY TERMINAL LOCATED AT THE SHADED BREAKER FOR § TO ¢ FAULTS AT EACH LOCATION
{A,B,C&D).
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Fig. 7. Voltage and Current Conditions for the Phase-to-Phase Unit at the Shaded Breaker for 23 Faults at Various
Locations.
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fault in the trip direction, the induced 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 90°, for illustrative purposes only. Prefault
voltages are depicted by the large triangle. The
smaller dashed triangle in each case is the system
voltages at the relay location during the fault. This
triangle is modified by the compensator voltage,
- IIZC' where Za is the compensator mutual imped-
ance. The terminals of the tripping unit are designat-
ed: X, Y & Z. Phase 1 tripping unit voltage is:

Vx = Vi - I1Z¢

Phase 2 and phase 3 tripping unit voltages are:
Vy="V»
Vz = V3

For a fault at A, beyond the relay operating zone,
the compensator mtage, ~11Zc, modifies the phase 1
voltage, reducing the voltage triangle on the tripping
unit to X-Y-Z With an X-Y-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 —I1Z¢ is larger. The point X is
in line with points Y & Z. No torque is produced,
since the X-Y-Z triangle has a zero area.

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

For a fault behind the relay at D, restraining tor-
que is produced. Since the fault is behind the relay
the current is of reversed pclarity., Compensator
voltage, —I1Zc, increases the area of the bus voltage
triangle, 1-2-3. Tripping unit voltage has an X-Y-Z
rotation which produces restraining torque.

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
provides momentary operating torque under these con-
ditions, for an internal fault. In the KD-1 relay the
coil Z in the current circuit, in conjunction with the
compensator voltage, produces a current only torque,
which maintains operating torque under the condition
of zero potential.

The Ry and Cgp parallel resistor-capacitor com-
bination in the compensated phase corrects for a

shift in the phase-angle relation between the voltage
across the left hand coils of Z (3@) and the voltage
across the right hand coils of Z (38), in figures 4 and
5. This phase shift is produced by capacitor C 3¢, The
RM— C3A combination also provides control of trans-
ients in the inductive coils of the cylinder unit.

A small variable reactor X is used, in the KD re-
lay only, to compensate for variations in other com-
ponents and assists the Ry and C3p combination to
correct the phase-angle relations. The reactor has
two coils which may be connected inthe factory either
in series or in parallel for stepped adjustment. A
screw type core is utilized for changing an internal
air gap to produce a continuous adjustment.

Phase-to-Phase Unit

Compensator primaries of TA, TB and TC are
energized by 11, I and I3, respectively, as shown in
Fig. 17. Nine compensators are shown, three for each
zone. Compensator secondaries are connected to modi-
fy their respective phase voltages (e.g. T A modifies
V). With a fault 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

is modified by the compensator voltages, —I1Zc,
—~IbZc, and —I3Zc, where Z¢ is the compensator
mutual impedance. In this case I1 = 0, so that only
phase 2 and 3 voltages are modified. The terminals
of the tripping unit are designated; X, Y and Z.
Phase 1tripping unit voltage is:

Vx = Vi1 —I1Z2¢c = V1
Phase 2 tripping unit voltage is:

Vy = Vg — I2Zc

Phase 3 tripping unit voltage is:
Vz = V3 — I3Z¢
For a fault at A, in Fig. T, 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-
tion produces restraining torque.

For a fault at B, the compensator voltages are

ey
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Fig. 8. Impedance Circles for Phase-to-Phase Unit in the
Type KD and KD-1 Relay.

larger, since the current is larger than it is for the
fault at A. Points Y & Z coincide 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 compensation reverses the rotation to X-Z-Y.
Operating torque 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 voltages
increase the area of the 1-2-3 triangle. Tripping unit
voltage has an X-Y-Z rotation. This rotation produces
restraining torque.

Note that this unit does not require memory action,
since the sound-phase voltage reacts with the com-
pensator 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. The phase-
to-phase unit is identical in the KD & KD-1 relays.
Each of the three phase-to-phase fault combinations
subjects the cylinder unit to 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 faults,
particularly at low balance-point voltages, it is
necessary that the impedance angles of the three cir-
cuits from the relay terminals 7, 8 & 9 to the common
connection for Z (#8) and Ry be the same. (See Figs.
4 & 5.) This requirement is fulfilled by the factory
adjustment of resistors RMA and Ry This balance
is maintained when S tap 2 or 3 is used by virtue of

.
o

a
)

. Impedance Curves for Type KD and KD-1 Reiays.

the balancing resistor R’B in the phase 2 voltage
circuit.

CHARACTERISTICS

Distance Characteristic — Phase-To-Phase Unit

This unit responds to all phase-to-phase faults
and most two-phase-to-ground faults. It does not
respond to load current, (synchronizing surges), or
out-of-step conditions., While a characteristic circle
can be plotted for this unit on the R-X diagram as
shown in Figure 8, such a characteristic circle has
no significance except in the first quadrant where
resistance and reactance values are positive. A small
portion of the fourth quadrant, involving positive 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 is involved in the fault. The phase-to-
phase unit operating on an actual 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 gives the phase-to-
phase unit the advantageous characteristic that for
short lines, it makes a greater allowance for resist-
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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: Phase-to-Phase Unit

A plot of relay reach, in percent of tap block set-
ting, versus relay terminal voltage is shown in Figure
9, The unit will operate with the correct directional
sense for zero voltage phase-to-phase faults. For this
condition the fault current must be not less than0.015
relay amperes with an ohm setting of 5.8 with rated
voltage on the unfaulted phase. Pick up current is
proportionately higher in S = 2 and S = 3 taps.

The KD relay may be set without regard to possible
overreach due to d-c transients. Compensators basic-
ally are insensitive to d-c transients which attend
faults on high-angle systems. The long time-constant
of a high-angle system provides a minimum rate of
change in flux-producing transient current with re-
spect to time, and therefore induces a minimum of
uni-directional voltage in the secondary. Asymetri-
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
half cycle, the transient-derived voltage subtracts
from the steady-state value. This transient decays
so rapidly that is is insignificant during the second
half cycle when it adds to the steady-state value.

Distance Characteristic — KD, 3 Phase Unit

The three-phase unit has a characteristic circle
which passes through the origin as shown in Figure
10. 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 10)which passes
through the origin. However, since the YZ voltage
also drops to zero, the relay would be unable to
determine whether an internal or external fault exist-
ed. To correct this condition, a resonant circuit is
added to the 23 wvoltage circuit of the relay which
allows the YZ voltage to collapse gradually, thus
giving a reference voltage to determine whether the
fault is inside the protected line section or behind
the relay.

Sensitivity — KD, 3 Phase 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 fault.
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 fault or after the memory
action has subsided, With an impedance setting of
5.8 ohms the three-phase unit will directionally opera-
te for faults which produce 2 volts line to line and
1.0 ampere at the relay terminals.

Sensitivity at other than in tap T = 5.8 is defined
by the following equation:

At 2 volts, pick-up current is:

RADIUS=5 Z |8

OFFSET=4Z, (&

R-X CHARACTERISTIC

REACH

5.8 OHMS
SETTING

REACH

.87 OHMS
SETTING}

Fig. 10. Impedance Circle for Three-Phase Unit in Type
KD Relay.
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Fig. 11. Impedance Circle for Three-Phase Unit in Type
KD-1 Relay.
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Fig. 12, Typical Operating Time Curves of Type KD Relay. Normal voltage before the fault is 120 volts.

5.8

amperes
T

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

Distance Characteristic: KD-1 3 Phase Unit

The three-phase unit of the KD-1 relay has a
characteristic circle which includes the origin as
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 a T set-
ting of 5.8 and 75 degrees to 120 percent of tap value
at 95 degrees for a T setting of .87. Figure 11 indi-
cates the relation of KD-1operation to KDrelay opera-

tion for identical settings. 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 torque 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 compensator set-
ting is reduced, the single turn 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
unit is shown in Figure 9. This unit will operate to
close the left hand contact on current only for 3 or
more amperes relay current with T set for 5.8.

1n
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General Characteristics

Impedance settings in ohms reach can be made for
any value from .75 ohms to 20 ohms in steps of 3 per-
cent. The maximum torque 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 tor-
que angle will produce a slight change in reach for
any given setting of the relay. Referring to Fig. 2
note that the compensator secondary voltage output
V, is largest when V leads the primary current, I, by
900. This 900 relationship exists, if the compensator
loading resistor (R3, R2A' R2B or ch) is open-cir-
cuited. The effect of the loading resistor, when con-
nected, is to produce an internal drop in the compensa-
tor, which is out-of-phase with the induced voltage,
IT, ITA, ITR or ITc: Thus the net voltage, V, is
phase-shifted to change the compensator maximum
torque angle. As a result of this phase shift the
magnetude of V is reduced, as shown in Fig. 2.

Tap markings in Fig. 3 are based upon a 750 com-
pensator angle setting. If the resistors R3, Raa, Rop
and Roc 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:

74 - TS sin 0
0 =(1xM) sin 750
TAP PLATE MARKINGS

(T, TA, TR, and T¢)
.87 1.16 1.6 2.2 3.0 4.2 5.8

(S, SA, Sc, RB)
1 2 3

(M, Ma, Mo
+ Values between taps .03 .06 .06

TIME CURVES AND BURDEN DATA
Operating Time

The speed of operation for the KD relay three-
phase and phase-to-phase units is shown by the time
curves in Figure 12, The curves indicate the time in
in milliseconds required for the relay to close its
contacts for tripping after the inception of a fault at
any point on a line within the relay setting,

Figure 13 and Figure 14 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-closing time for faults
within the relay setting.

Current Circuit Rating in Amperes

Tap Setting Continuous 1 Second
5.8 5 240
4.2 7 240
3.0 10 240
2.2 10 240
1.6 10 240
1.16 10 240
0.87 10 240
Burden

The burden which the relays impose upon poten-
tial and current transformers in each phase is shown
by Figure 15 and Figure 16 for the KD and KD-1 re-
lays respectively. The potential burden and burden
phase angle are based on line-to-neutral voltage ap-
plied to the relay terminals.

Trip Circuit Constants

0.1 ohms d.c. resistance
0.2 tap — 6.5 ohms
2 tap — 0.15 ohms

1 ampere rating:
0.2/2.0 ampere rating:

SETTING CALCULATIONS

Relay reach is set on the tap plate shown in Fig. 3.
The tap markings are:
T, Ta, T and T¢
.87 1.6 1.6 2.2 3.0 4.2 5.8

S, Sa, Rp and S¢

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

(Values between taps)

Maximum torque angle is set for 75° (current lag-
ging voltage) in the factory. This adjustment need not
be disturbed for line angles of 650 or higher. For line
angles below 650, set for a 600 maximum torque
angle, by adjusting R3, RZA' RZB and RZC' Set zone
1 reach to be 90% of the line (85% for line angles of
less than 5090),

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:

13
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Fig. 16. Type KD-1 Relay Burden Data.
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(Sin 6) 0.9 Re
pri ——

Ze =2 — =
(Sin 7590) Ry

The terms used in this formula are defined as follows:

Zg = the desired ohmic reach of the relay.

TS .
=1+zm — the tap plate setting.
T = compensator tap value
S = Auto-transformer primary tap value
6 = Maximum torque angle setting of the relay.
Sin 6
i (o] —— =
(For a factory setting of 750 then Sin 750 1.)

M = Auto-transformer secondary tap value.
(This is a Per Unit value and is determined by
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 I.ower the Z setting.
The sign is negative when ‘‘R’’ is above “L"’
and acts to raise the Z setting).

Zpri = ohms per phase of the total line section

0.9 =the portion of the total line for which the 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

in 750
of 6.9 S greater than Z where Z = ZQM
(sin @ ).
2. Select a value for T that is nearest the value
2z
S
3. Determine the value of M that will most nearly
TS
make M ="z - 1. If the sign is negative, then

the M taps are connected with the R lead above
the 1, lead to Raise the setting.

For example, assume the desired reach, Zg of the
relay is 7 ohms at 60 degrees., Then Z =7 x 1.11 =
7.8 ohms.

1. The lowest tap S for 6.9 S greater than 7.8 is
S=2
Set S, Sp , Ry, and S in tap 2.

16

2. T nearest t02—8= 3.9 is 4.2 ohms

Set T, TA, TB and TC in tap 4.2,

3. M =%§——1 = 1.075 — 1 = .075 (Use M = .09)
Set M, M and Mg for + .09.
4.2 x 2
. Z=(—"——") =T.70h
4. Then ( 1 +'09) 7.7 ohms
5. Zg=2 (Sin 0 = 6.9 relay ohms at a maximum
+ Zo= 2 (§inq50) = B9 T

torque angle setting of 60 degrees which is
98.6% of the desired value.

6. Set R3, Roa, Rop and Roc for 60° maximum tor-
que angle.

SETTING THE RELAY

The KD and KD-1 relays require settings for each
of the four compensators (T, T 5, Ty, and T¢), each
of the three auto-transformers, primaries (S, Sp, and
Sc) and secondaries (M, Mp, and M¢), and the bal-
ancing resistor Rg which should be set at the same
value as Sa 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.

Compensator (T, Ta: Tg, and T¢)

Kach set of compensator taps terminate in inserts
which are grouped on a socket and form approximate-
ly three quarters of a circle around a center insert
which is the common connection for all of the taps.
Electrical connections between common insert and
tap inserts are made with a link that is held in place
with two 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-
nector 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-Transformer Primary (S, S5, and S¢)

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

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 can be made are
from —.15 to +.15 in steps of .03. The value of a set-
ting 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 nega-
tive (—) if the R lead is higher.

An ‘‘M’’ setting may be made in the following man-
ner. Remover the connector screws so that the L, and

R leads are free. Determine from the sign of the de-
sired ‘“M’’ value, which lead should be higher than

the other. If the value is divisible by six (either .06
or .12) place the ‘higher’’ lead onto the top insert of
the ‘“‘M’’ taps and secure it in place with one of the
connector screws. Then place the ‘lower’” lead on
the second or third insert from the top for a .06 or .12
setting respectively. If the value is not divisible by
six (either 0, .03, .09 or .15) place the ‘“lower’’ lead
on a bottom position, move the ‘‘higher’’lead to either
the bottom, second, third, or fourth position from the
bottom for a setting of 0, .03, .09, or .15 respective-
ly. Neither lead connector should make electrical
contact with more than one tap at a time.

Tabulated Settings

Znso M L Lead R Lead

0.87 TS +.15 Upper .06 0
0.89 TS +.12 Upper .06 .03

0.92 TS + .09 Lower .06 0
0.94 TS + .06 Upper .06 Lower .06

0.97 TS + .03 .03 0

TS 0 0 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 .06

18

RB Settings

RB is a circuit balancing resistor for the phase-
to-phase unit. The Ry tap setting should be the same
as Sp and S¢ settings.

Line Angle Adjustment

Maximum torque angle is set for 759 (current lag-
ging voltage) in the factory. This adjustment need
not be disturbed for line angles of 65° or higher. For
line angles below 65°, set for a 60° maximum torque
angle by adjusting the compensator loading resistors
R3, Raa, Rop and Roc. 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 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 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
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 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-
moved 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
1L 41-076.

EXTERNAL CONNECTIONS

Standard external connections are shown in Fig. 17.
However, the a-c connections for additional applica-
tions are shown in Figs. 18, 19, 20, 21 and 22. Three
of these, Figs. 18, 19 and 20, apply when the trans-
mission line is terminated in a power transformer,
and when low side voltage and current are used to
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Fig. 18. A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay = Autotransformer

Termination,

energize the relays. In calculating the reach settings,
the bank impedance must be added to the line im-
pedance.

For the case of a wye-delta bank (Figs. 19 and 20)
the voltages and currents are phase-shifted by 309;
however, this fact should be ignored, as the KD and
KD-1 relays are not affected by this phase shift.

Use the connections of Fig. 21 when the Zeis
less than 0.75 ohms. The 2 to 1 or 3 to 1 auxiliary
current transformers reduce the relay current. In ef-
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 ohms.

Fig. 22 shows a KD-1 and TD-2 relay connected
for generator back-up protection.

SWITCHBOARD TESTING WITH KD AND
KD-1 RELAYS

The KD and KD-1 relays may be used to check out
switchboard polarities if the direction of load current
is known. Current flowing into the line is positive
and current flowing out of the line is negative.

Potential Circuit Check

Close the three relay potential switches numbered
7.8, and 9, (Figure 17). The connection for the proper
phase sequence will be indicated by a strong contact-
opening torque. Closing torque will indicate reverse-
phase sequence.

Current Circuit Check-ldentification

Table I indicates a number of different connec-
tions which will produce contact-closing torque.
Contact-opening torque will be produced by reversing
the polarity of the currents listed for closing torque.
It is possible to identify an unknown current by using
the various switching combinations and thus eliminate
the current and polarity possibilities which are not
present. A maximum of four combinations will provide
a positive identification of any current in a phase
circuit. For instance, if closing torque is produced
by 1-b, we know that the phase-1 current circuit re-
ceives one of the following: +Ipy1, +IpH2, or ~IPH3-
Opening torque produced by 4-b indicates phase-1
gets +IPH1’ -IPHZ’ or +IPH3' Therefore, if the cur-
rent in the phase-1 circuit is one of the sixvalues,
the IpH2 and IpyH3 possibilities cancel out, leaving
only +Ipyji. For maximum sensitivity, the T taps
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should all be set on 5.8 and S taps on 1 to make these
tests. The taps should then be returned to their
proper settings after the tests are completed.

Current Circuit Check-Verification

The circuits can be verified without going through
the entire switching procedure which is tabulated in

Table I. Table II lists six combinations which will
positively verify that all current circuits are properly
connected. Of course, if any phase fails to verify, it
will then be desirable to identify the unknown current
by using additional switching combinations, as an
aid in determining what error exists in the switch-
board wiring.

TABLE |

SWITCHING FOR CURRENT IDENTIFICATION

Position of switches numbered: Unit which t4
should have | Phase Current & polarity
7 8 9 12, 14, 16, 18, |contact- receiving| which can produce
13 15 17 19 |closing current | contact-closing torque
(3¢) |torque Ipg1 |lpu2 | IpH3
Ogle“ a Closed ¢-¢ &t 3 - - +
1 jump Closed| Closed
to 9 b | Closed Closed|é-¢ & 3¢ 1 + + -
Open a | Closed Closed |- ¢ & 3¢ 1 + - -
&
2 [losed jump Closed
b Closed d-p &t 2 - + +
to 7 !
Ogen a Closed d-p &t 2 - + -
3 [losed [Closed| jump T
b Closed - &t 3 + - +
to 8 '
Ogle“ a Closed b-dat 3 + - +
4 [losed|Closed jump
to7 |P|Closed Closed|¢-¢ & 3¢ 1 - + -
Open a | Closed Closed |- ¢ & 3¢ 1 + + -
5 jump Closed| Closed
b Closed b-¢p &t 2 - - +
to 8
ngen a Closed $-d &t 2 - + +
6 [losed jump Closed
to 9 b Closed b-¢p &t 3 + - -

t Block 3 ¢ Unit Open
+} Based on Limits of & +&pp = 30° to 90°
& =Max., Torque Angle (Always Positive)

QPF:Power Factor Angle (Negative for Current Lagging, Positive for Current Leading)

TABLE 11
SWITCHING FOR CIRCUIT VERIFICATION

’

Phase to be Switching Torque when phase current is
verified combination (+) Into the line (-) Out of the line
1b closing opening
1 2a closing opening
4b opening closing
2b closing opening
2 3a closing opening
5b opening closing
la closing opening
3 3b closing opening
6b opening closing
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Fig. 19. A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — Wye-Delta Bank
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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 relay
measures the balancepoint impedance accurate-

ly.

Distance Units

Check the electrical response of the relay by using
the test connection shown in Figure 23. Set T, Ty,
Tg & Tc for 5.8, S, Sy, Sc& Rpfor 1, M, My, &
M¢ for +0.15.

A. Use connections for Test No. 1 and adjust the
voltages Vipop and Vomgp 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 an angle
of 750 current lag.

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 required to make the contacts
close for the phase-to-phase (top unit should
be between 2.95 and 3.05 amperes at an angle
of 750 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 greater than 3% of the smallest value.

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

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c 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 greater than 1.2 amperes for
the 1.0 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 tar-
get 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 experience,
to insure that the relays have retained their calibra-
tion and are in proper operating condition.

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

Distance Units

Use connections for tests 1,5, 6 & 7 of Fig. 23 to
check the reach of the relay, or use a K-Dar Test
Unit of this purpose. When using test 1 of Fig. 23,
the phase angle meter must be set for 300 more than
the maximum torque angle. Note that the impedance
Vit
V3 I,
where Vi-L is the phase-to-phase voltage and I, is
the phase current; similar, in tests 5, 6 & 7 of Fig. 23

Vi-L

2I1,

measured by the 3-phase unit in test 1is ZR=

the relay measures Zg =

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c 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 greater than 1.2 amperes for
the 1.0 ampere ICS. The current should not be greater
than the particular ICS tap setting being used for the
0.2- 2.0 ampere ICS. The operation indicator target
should drop freely.

REPAIR CALIBRATION

Use the following procedure for calibrating the re-
lay 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 Fig-
ure 23. The four-pole-double-throw switch shown in
the test circuit, selects the type of voltage condition,
for a phase-to-phase or a three-phase 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 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.

Autotransformer Check

Auto-transformers may be checked for turns ratio
and polarity by using the No. 1 test connections of
Figure 23, and the procedure outlined below.

Set S, Sp, and Sc on tap number 3. Set the “‘R’’
leads of M, Mjp, and MC all on 0.0 and disconnect all
the “‘L’’ leads. Adjust the voltages Vipor and
V2F‘3F for 90 volts. Measure the voltage from terminal
8to the #1tap of Sand Sp. It should be 30 volts. From 8
to the #2 tap of S and S, should be 60 volts. The
voltage should read 30 volts from 8 to S = 1 and 60
volts from 8 to S¢ = 2.

Set S, Sp, and S on 1 and adjust Vigom and
Vopsp for 100 volts. Measure the voltage drop from
terminal 8 to each of the M and the MA taps. This
voltage should be equal to 100 (1 + the sum of values
between R and the tap being measured). Example:
100 (1 + .03 + .06) = 109 volts.

Check the taps of M¢ in 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.

Distance Unit Calibration

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

T, Tp, Ty and T set on 5.8
S, Sa, Ry, and S set on 1
“R’ for M, My, and Mc set on 0.0

“L' for M, My, and MC set in the top position
(.03 + .06 + .06 = .15 between L & R).
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I. 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 reactor is adjusted to
make the impedance angle of its own circuit equal to
the impedance angle of the compensator secondary’s
circuit.

1. Connect the circuits of terminals 7 and 9 in
parallel by disconnecting 1F from Brush No. 1
and connecting 1F to 3F in Figure 23.

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 and not high enough to cause saturation of
the reactor.)

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

4. The core 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 cur-
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 circuit terminals 7, 8 and 9 or 1p
2p, and 3 in Figure 23.

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
because excessive opening torque will tend to
make the relay under reach at low voltages.

3. The Reactor X adjustment should be checked
after any change in core adjustment.

C. Maximum torque angle adjustment.

1. Use the No. 1 test switch positions and lead
connections as tabulated in Figure 23.
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2. Adjust the voltages V1F2 and V2F3F for 50
volts with Brush No. 1 and Brush No. 2 respec-
tively .

3. Adjust the current to 6 amperes and rotate the
phase shifter to find the two angles, 01 and 02,
at which the bottom unit contacts just close
The maximum torque angle @ for the three-

01 + 02
> — 30) degrees.

This angle should be between 73° and 760°.

4. A smaller angle may be obtained by reducing
Rg The angle may be increased by increas-
ing Rg3.

phase unit then is (

D. Contact Adjustment.

KD Relay: With moving-contact arm against right-
hand backstop, screw the stationary contact in until
it just touches the moving contact. (Check for con-
tact 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.

KD-1 Relay: With moving contact-arm against right
hand side of bridge, screw the right-hand contact in
to just touch the moving contact and then continue
for one more complete turn. Adjust left-hand contact
as described 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
fault, Test No. 1, and set the phase shifter so that the
current lags voltage by €0. Adjust the spring so that
the current required to close the left-hand contact is
as follows:

Voltages V1F2F‘ and V2F3F’ = 10 volts

Current to trip KD

1,27 amperes

I

Current to trip KD-1 1.3 amperes.

II. Phase-to-Phase Unit:

A. Rough Adjustment of Ry pand Ryc

1. Using connections for test #1 of Figure 23, ad-
just brush #1 so that Vipop = Vrg = 0. Adjust
brush #2 for rated voltage across terminals 8 &
9. Adjust RMA so that the contact floats orhas a
minimum of torque. This is a rough adjustment
for making the impedance angle of phase 1 to
be equal to impedance of phase 2.

2. Using test #1 to Figure 23, adjust brush #2 so
that Vopgp = Vgg = 0. Adjust brush #1 for
rated voltage across terminals 7 & 9. Adjust

Ry so that the contact floats or has a mini-
mum of torque. This is a rough adjustment for
making the impedance angle of phase 3 equal
to the impedance of phase 2.

B. Maximum torque angle adjustment. Note that a
change in the maximum torque angle adjustment may
upset the calibration of the resistors Rpya and RMC.
Therefore, the Rya and Rpmc calibration should be
checked after any change in the maximum torque
angle,

1. Use the No. 2 Test switch positions and lead
connections. This connection is for checking
and adjusting the maximum torque angle of the
phase-1 compensator.

2. Adjust the voltage V1F2F and VZF‘SF‘ 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, 01 and
02, at which the top unit contacts just close.
The maximum torque angle 6 for the phase-to-

phase unit then is (yz— — 30) degrees.

This angle should be between 73° and 76° when re-
ceived from the factory.

4. The angle 6 can be changed by adjusting Roa.
A lower value of resistance gives a smaller
angle and a higher resistance value gives a
greater angle.

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

and adjust the angle of the phase-2 comp en-
sators. Adjustments may be made by varying
RZB-

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 RZC'

C. RM A and RMC Calibration

These components serve the same purpose in the
phase-to-phase unit circuit as the reactor X does in
the 3-phase unit circuit, That is, RMA and RMC are
adjusted so that their respective circuits have the
same impedance angle as the circuit of the tapped
resistor R, These adjustments can be checked by
simulating all three combinations of phase-to-phase
fauits, 1-2, 2-3 and 3-1, as shown in the test circuit
Figure 23. Each value of current required to trip the
top cylinder unit for each of the three conditions
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should 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 of RpmA or RMc can cause the spread in cur
rent values to increase to more than 10%.

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

2. Adjust the voltage between Ph.1 and 1F and
between PH.2 and 2F for 57.5 volts each using
Brush No. 1 and Brush No. 2 respectively,
to provide 5 volts between 1F and 2F
(Vipop = 120 — 57.5 — 57.5 = 5 volts).

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

4. With load current set for 0.51 amperes, adjust
RMA so that the top cylinder unit contacts
just close.

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

6. Determine the current value at which the con-
tacts close for a 3-1 fault using Test No. T.
If the 3-1 fault current is greater than 0.51
amperes then Ryya is too low and Ryc is too
bigh.

7. Increase Rpa a slight amount and reduce RMC
an equal amount until the contacts just close
for 0.51 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
No. 7 within * 2%.

g: If the currents are not equal *2% then use the
average value for Tests Nos. 5 and 6 deter-
mined in step 8 and repeat steps 1 through 8.
At first there may be an over-correcting or
pendulum action as one balances the RMA and
and RMC resistors. However, with a little ex-
perience the circuits can be balanced after
two or three trials.

D. Spring Restraint.

1. Use Test No. 1 connections except reverse
the voltage phase sequence by interchanging
the Brush connections so that Brush 1 is con-
nected to 3F and Brush 2 is connected to 1F.

2. Adjust the voltages Vipopm and Vopap for 3.5
volts each with Brush No. 2 and Brush No. 1
respectively. Position the moving-contact spring
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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.

E. Contact Adjustment

The procedure for contact adjustment for the
phase-to-phase unit is identical to that described in
section D for the 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 5 Vy _1, to 120 Vy g The corrected tap value is
actual relay reach at a given maximum torque angle 6

TS sin 6
(1+ M) (sin 750)
now calibrated and ready for service.

and is equal to ZO = o The relay 1s

III. Compensator Check

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

A. Set T, Ty, Ty, and TC on the 5.8 tap.

B. Disconnect the ‘‘L.’’ leads of sections M, Ma,
and M and the brush leads of Rg, R’2A' Rom:
and Roc.

C. Connect terminals 13 to 14, 15 to 16, 17 to 18
and pass 10 amperes a.c. current in terminal
10 and out of terminal 12

D. Measure the compensator voltage Vg with a
high resistance voltmeter 5,000 ohm/volt as
tabulated below. Refer to Figure 1 for the
location of Rg, Rga, Rop, and Roc.

Measure V¢
From To Fixed Voltmeter Reading
Terminal | End of
sin 6
Vo=151 T( s—in_'7_50_)

“L”ofM R3
=90. 1 volts (§ = 900)

'L ”

L’ ofMp RoaA ' sin 0

Vo =1T(——s)
sin 750

8 Rop

= 60.1 volts (0 =90°)

“L”OfMC ch

E. Any compensator that has an output which is

T,

(A

Plie %
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I.L. 41-491C

2 volts more or less than the nominal values
given above should be replaced.

IV. Overall Check

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

A. Three-Phase Unit

Connect the relay for a three-phase fault, Test
No. 1 of Figure 23, and Set the phase shifter so that
the phase angle meter indicates 30° more than the
maximum torque angle. The current required to trip the
relay should be within the limits specified for each of
the voltages. Note that for the three-phase unit the

impedance measured by the relay is Zg =\\/’—Ei where
31y,

VL—L is phase-to-phase fault voltage and I, is
phase current.

Volts Amperes (=715 )tt & t
Vipop
& Vop3p Imin Imax
10 — 1.27 KD
1.3 KD-1
30 3.44 3.6 KD
3.65 KD-1
70 7.9 8.1 Both

t to determine the limits of current when @ is not
equal to 750 multiple the nominal values tabulated
sin 750.

sin 8

above by the ratio
tT Phase angle meter set for 6 + 300°.

B. Phase-to-Phase Unit

Using the connections for Tests Nos. 5, 6, and 7,
set the phase shifter so that the current lags voltage
by 6°. The current required to trip the phase-to-phase
unit should be within the limits specified for each of

the voltages. Note that for the phase-to-phase unit
VL-L

215,
where VL-L is phase-to-phase fault voltage and IL is
phase current.

the impedance measured by the relay is ZR =

= (o)
Test Volts Amperes (0 = 750y}
No.
Viror Imin Imax
5,6& 17 5.0 0.50 0.52
Forboth
30.0 2.95 3.05 KD&KD-1,
relays
70.0 6.90 7.10

t To determine the dimits of current when 6 is not
equal to 759, multiply the nominal values tabulated

i o)
above by the ratio M—
sin 6

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass-sufficient
d-c 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 greater than 1.2 amperes
for the 1.0 ampere ICS. The current should not be
greater than the particular ICS tap setting being used
for the 0.2- 2.0 ampere ICS. The operation indicator
target should drop freely.

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

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable parts can be furnigh-
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 I
NOMENCLATURE FOR RELAY TYPES KD ANDKD-1
UNIT ITEM DESCRIPTION
Z(3P)1-2 Two Element-Coils; Total d.c. Resistance = 360 to 390 ohms
Z(3$)2-3 Two Element-Coils; Total d.c. Resistance = 680 to 740 ohms
RM 2 Inch Resistor 40000 ohms Fixed for KD
(3-1/2 inch 8500 ohm Adj. for KD-1)

53 Rg 2 Inch Resistor 600 ohms Adjustable

=

; CBA 1.8 MFD Capacitor for KD (0.6 MFD for KD-1)

&

E Csac 0.50 MFD Capacitor (0.6 MFD for KD-1)
T Compensator (Primary Taps —.87; 1.16;, L.6; 2.2; 3.0; 4.2; 5.8)
S 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(p- &) Two Element-Coils; Total d.c. Resistance = 560 to 600 ohms
RMA 3-1/2 inch Resistor 2000 to 3000 ohms adjustable
RMC
RB 2 inch Resistor Fixed Taps at 273; 298, 328 ohms
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PHASE-TO-PHASE

Roa, Rop: Roc
Caar C2c

Ta Tp To
SA, SC

Ma Mc

2 inch Resistor 600 ohms Adjustable

1.6 MFD Capacitors

Compensators Same As T

Same As S

Same As M
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PANEL LOCATION
SEMI-FLUSH NTG.
PROJECTION MTG.

- Ll . 2 e-52 DIA. 4 HOLES FOR
1™ %‘_Gle_'; T ,.2_5{5"_’_ !i 190-32 MTG.SCREWS
i i 4-32
f IRENE —L )
| —E
wn'd} —- 8
()]
-« o
®
1 _“_ A | 4{_ I ,,¢4_
o
ol
- o -
<& <_J_':‘L b Lﬁg -® ;’f
@ |
= ik
— 5_ ] |
\ _J LL X
33 e | I
'G;_’l u " —5 2% o
GB ‘ “—526_’

>

i

PANEL CUTOUT ¢ DRILLING
FOR SEMI-FLUSH MTG.

<
£ DIA. 20 HOLES

190-32 SCREW

PANEL

SPACER FOR
THIN PANELS

2.1a scrREW

(FOR THICK
PANEL USE

£-12 TUD)

A20-32 SCREW
(FOR THICK PANEL
( | USE .190-32 STUD)

LF

TERMINAL AND
MOUNTING DETAILS

4\
“D\A.

TERMINAL

PANEL DRILLING OR
CUTOUT FOR PROJECTION MTG

NOTE: ALL. DIMENSIONS
(FRONT VIEW)

N INCHES.

57-D-790%

Fig. 24. Outline and Drilling Plan for the Type KD and KD-1 Relays in the Type FT42 case.
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TYPES KD AND KD-1 RELAYS

I.L. 41-491D

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
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 available with indicat-
ing contactor switches with either 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 a lockout relay is energized or where
a high impedance auxiliary tripping relay is utilized.

Refer to I.L.. 41-911 for a description of how KD
& 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. See 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.”’

CONSTRUCTION

The types KD and KD-1 relays each consist of
four single air gap transformers (compensators), three
tapped auto-transformers, two cylinder type operating
units, and an ICS indicating contactor switch. The
KD relay also contains an adjustable reactor not
used in the KD-1.

Compensator

The compensators which are designated T, Tp,

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, (Fig-
ure 3). They are marked .87, 1.16, 1.6, 2.2, 3.0, 4.2,
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
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 propor-
tional to the line current is subtracted vectorially
from the relay terminal voltage. The second section
is connected to an adjustable loading resistor and
provides a means of adjusting the phase angle rela-
tion between primary current and the induced second-
ary voltage. The phase 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 torque angle of 75° current
lagging voltage.

Auto-Transformer

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

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

The auto-transformer makes it possible to expand
the basic range (T = 0.87 to 5.8 ohms) by a multiplier
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LAMINATED

PRIMARY CORE

SECONDARY
AIR GAP

ANGLE

Ve
ADJUSTABLE

/

Fig. 2. Compensator Construction.

CONNECTOR
SCREW

SOCKETS FOR
COMPENSATORS
TAPS

LEAD “L"

LEAD “R”

INSERTS

of——l—f—M-— 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 Tc with the auto-transformer taps S and M, SA
and My, and Sc¢ 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 three-phase induction motor. Con-
tact-closing torque is produced by the unit when the
voltage applied to its terminals has a negative-phase
sequence. Closing torque for the relay forces the
moving contact to the left hand side as viewed from
the front of the relay. Contact-opening torque is
produced when positive-phase sequence voltages are
applied. Hence, the cylinder unit has restraint or
operating torque as determined by the phase sequence
of the voltages applied to its terminals.

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

The frame serves as the mounting structure for
the magnetic core. The magnetic core which houses

3 PHASE UNIT
[~ SETTINGS

| PHASE-TO-PHASE
UNIT SETTINGS

Fig. 3. Tap Plate.
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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 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 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) unit 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 current 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.

The moving element assembly consists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The hub to which the moving-contact arm is
clamped has a wedge-and-cam construction, to pro-
vide low-bounce contact action. A casual inspection
of the assembly might lead one to think that the con-
tact 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
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 150
to 200,

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 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 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 a spring type clamp.
The spring adjuster is located on the underside of the
bridge and is attached to the moving contact arm by a
spiral spring. The spring adjuster is also held in
place by a spring type clamp.

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

Indicating Contactor Switch Unit (cs)

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

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

OPERATION

Each KDorKD-1 relay has two major components —
compensators and tripping units. In the internal
schematics of Figs. 4 & 5 the compensators are
designated T, T, Tg and T¢; the tripping units, Z
(3¢) & Z (@8). The phase-to-phase unit Z (#@) oper-
ates for all combinations of phase-to-phase faults
(phases 1-2, 2-3 & 3-1). The 3 phase unit Z (3%)
operates for close-in two-phase-to-ground faults,
although most two-phase-to-ground faults are cleared
by operation of the phase-to-phase unit. Each of the
tripping units and its associated compensator circuit
are electrically separate, and will now be considered
successively.

Three Phase Unit

A single compensator T has its primary energized
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BUS ZONE | RELAY BUS
| SET 90% OF 'i
o i c LINE SECTION s A
AVa AVA Y A3
T LJ r /T LI+
K-DAR RELAY BALANCE POINT
{ LOCATION BEING | | {
i CONSIDERED | | |
| | | I
| | | |
FAULT BEHIND RELAY FAULT WITHIN BALANCE POINT FAULT AT BALANCE POINT FAULT BEYOND BALANCE POINT

(7¢C) (7B)

(70)

THE VOLTAGE TRIANGLES AT EACH FAULT LOCATION (A,B,C80) REPRESENT THE VOLTAGES SEEN BY THE
K-DAR RELAY TERMINAL LOCATED AT THE SHADED BREAKER FOR 3 PHASE FAULTS OCCURING AT EACH

LOCATION (A,B,C8D)

NOTE:

Lo7cks9

Fig. 6. Voltage and Current Conditions for the Three-Phase Unit at the Shaded Breaker for Three-Phase Faults at Various

Locations.
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I &, y ¥ 1 v
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l LOCATION BEING l BALANCE POINT l |
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Vi
Vx
I3
I
! I I,
A
e "T3Z¢
I, “I,7¢
(3D) {3C) (38)
NOTE: THE VOLTAGE TRIANGLES AT EACH FAULT LOCATION (A,B,C&D) REPRESENT THE VOLTAGES SEEN BY THE

K-DAR RELAY TERMINAL LOCATED AT THE SHADED BREAKER FOR ¢ TO FAULTS AT EACH LOCATION

(A,B,C8D).
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Fig. 7. Voltage and Current Conditions for the Phase-to-Phase Unit at the Shaded Breaker for 23 Faults at Various

Locations.
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with (I1 — 3Ig) current in Fig. 17. Current I is the
phase 1 current; 3Ig is the residual current. There are
three compensators shown — one for each of the three
zones. One connection uses an auxiliary current trans-
former to insert the 3Ig component. The alternate con-
nection supplies the compensator primaries with
(—Ig — I3). Since Iy + Iy + I3 = 3Ig, (I —3Iy) =
( —Iz —I3). (Currents Iy, I9 and I3 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 Z. 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 induced 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 900, for illustrative purposes only. Prefault
voltages are depicted by the large triangle. The
smaller dashed triangle in each case is the system
voltages at the relay location during the fault. This
triangle is modified by the compensator voltage,
— IIZC' where ZC is the compensator mutual imped-
ance. The terminals of the tripping unit are designat-
ed: X, Y & Z. Phase 1 tripping unit voltage is:

Vx = Vi — I1Z¢

Phase 2 and phase 3 tripping unit voltages are:
VY = Vz
Vg = Vg3

For a fault at A, beyond the relay operating zone,
the compensator voltage, —I 1Z¢, modifies the phase 1
voltage, reducing the voltage triangle on the tripping
unit to X-Y-Z With an X-Y-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 —I 1Zc is larger. The point X is
in line with points Y & Z. No torque is produced,
since the X-Y-Z triangle has a zero area.

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

For a fault behind the relay at D, restraining tor-
que is produced. Since the fault is behind the relay

the current is of reversed polarity. Compensator
voltage, —I1Zc, increases the area of the bus voltage
triangle, 1-2-3. Tripping unit voltage has an X-Y-Z
rotation which produces restraining torque.

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
provides momentary operating torque under these con-
ditions, for an internal fault. In the KD-1 relay the
coil Z in the current circuit, in conjunction with the
compensator voltage, produces a current only torque,
which maintains operating torque under the condition
of zero potential.

The Ry and Cgp parallel resistor-capacitor com-
bination in the compensated phase corrects for a
shift in the phase-angle relation between the voltage
across the left hand coils of Z (30) and the voltage
across the right hand coils of Z (36), in figures 4 and
5. This phase shift is produced by capacitor C 3¢ The
Rp—C3A combination also provides control of trans-
ients in the inductive coils of the cylinder unit.

A small variable reactor X is used, in the KD re-
lay only, to compensate for variations in other com-
ponents and assists the Ry and C34 combination to
correct the phase-angle relations., The reactor has
two coils which may be connected inthe factory either
in series or in parallel for stepped adjustment. A
screw type core is utilized for changing an internal
air gap to produce a continuous adjustment.

Phase-to-Phase Unit

Compensator primaries of TA' Tg and To are
energized by I1, I3 and I3, respectively, as shown in
Fig. 17. Nine compensators are shown, three for each
zone, Compensator secondaries are connected to modi-
fy their respective phase voltages (e.g. T g4 modifies
V). With a fault in the trip direction, the induced
voltages in the compensator secondaries buck the
phase voltages.

Vector diagrams in Fig. 7 iliustrate the operation
during phase 2-3 faults at four locations. The system
impedances and the compensator angle are assumed
to be at 909, 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

is modified by the compensator voltages, -11Zc,
~IgZc, and —I3Zc, where Zc is the compensator
mutual impedance. In this case I1 = 0, so that only

.
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I.L. 41-491D
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Fig. 8. Impedance Circles for Phase-to-Phase Unit in the
Type KD and KD-1 Relay.

phase 2 and 3 voltages are modified. The terminals
of the tripping unit are designated; X, Y and Z.
Phase 1tripping unit voltage is:

Vx = Vi — I1Z2¢c = V1
Phase 2 tripping unit voltage is:

Vy = V2 — I2Z¢

Phase 3 tripping unit voltage is:

Vy, = V3 — I3Z¢C

For a fault at A, 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-
tion produces restraining torque.

For a fault at B, the compensator voltages are
larger, since the current is larger than it is for the
fault at A. Points Y & Z coincide 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 compensation reverses the rotation to X-Z-Y.
Operating torque 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 voltages
increase the area of the 1-2-3 triangle. Tripping unit
voltage has an X-Y-Z rotation. This rotation produces
restraining torque.

Note that this unit does not require memory action,
since the sound-phase voltage reacts with the com-

Ry
&
)

. Impedance Curves for Type KD and KD-1 Relays.

pensator 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. The phase-
to-phase unit is identical in the KD & KD-1 relays.
Each of the three phase-to-phase fault combinations
subjects the cylinder unit to 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 faults,
particularly at low balance-point voltages, it is
necessary that the impedance angles of the three cir-
cuits from the relay terminals 7, 8 & 9 to the common
connection for Z (#@) and Ry be the same. (See Figs.
4 & 5.) This requirement is fulfilled by the factory
adjustment of resistors RMA and Ry This balance
is maintained when S tap 2 or 3 is used by virtue of
the balancing resistor Rp in the phase 2 voltage
circuit.

CHARACTERISTICS

Distance Characteristic — Phase-To-Phase Unit

This unit responds to all phase-to-phase faults
and most two-phase-to-ground faults. It does not
respond to load current, (synchronizing surges), or
out-of-step conditions. While a characteristic circle
can be plotted for this unit on the R-X diagram as
shown in Figure 8, such a characteristic circle has
no significance except in the first quadrant where
resistance and reactance values are positive. A small
portion of the fourth quadrant, involving positive re-
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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 is involved in the fault., The phase-to-
phase unit operating on an actual transmission sys-
tem is inherently directional and no separate direc-
ticnal 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 gives 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: Phase-to-Phase Unit

A plot of relay reach, in percent of tap block set-
ting, versus relay terminal voltage is shown in Figure
9. The unit will operate with the correct directional
sense for zero voltage phase-to-phase faults. For this
condition the fault current must be not less than0.015
relay amperes with an ohm setting of 5.8 with rated
voltage on the unfaulted phase. Pick up current is

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

The KD relay may be set without regard to possible
overreach due to d-c transients. Compensators basic-
ally are insensitive to d-c transients which attend
faults on high-angle systems. The long time-constant
of a high-angle system provides a minimum rate of
change in flux-producing transient current with re-
spect to time, and therefore induces a minimum of
uni-directional voltage in the secondary. Asymetri-
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
half cycle, the transient-derived voltage subtracts
from the steady-state value. This transient decays
so rapidly that it is insignificant during the second
half cycle when it adds to the steady-state value.

Distance Characteristic — KD, 3 Phase Unit

The three-phase unit has a characteristic circle
which passes through the origin as shown in Figure
10. 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 10)which passes
through the origin. However, since the YZ voltage
also drops to zero, the relay would be unable to
determine whether an internal or external fault 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,, |8

OFFSET=}z, (2

R-X CHARACTERISTIC

REACH

5.8 OHMS
SETTING

REAGH
.87 OHMS
SETTING}

Fig. 10. Impedance Circle for Three-Phase Unit in Type
KD Relay.
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Fig. 11. Impedance Circle for Three-Phase Unit in Type
KD-1 Relay.
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Fig. 12. Typical Operating Time Curves of Type KD Relay. 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.

Sensitivity — KD, 3 Phase 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 fault.

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 fault or after the memory
action has subsided. With an impedance setting of

5.8 ohms the three-phase unit will directionally opera-
te for faults 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

I =——— amperes
T

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

Distance Characteristic: KD-1 3 Phase Unit

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

1n
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Fig. 13. Typical Operating Time Curves of Type KD-1 Relay Phase-to-Phase Unit. Normal voltage before the fault is 120

volts.
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I.L. 41-491D

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 a T set-
ting of 5.8 and 75 degrees to 120 percent of tap value
at 95 degrees for a 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 torque 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 compensator set-
ting is reduced, the single turn 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
unit is shown in Figure 9. This unit will operate to
close the left hand contact on current only for 3 or
more amperes relay current with T set for 5.8.

General Characteristics

Impedance settings in ohms reach can be made
for any value from .75 ohms to 20 ohms in steps of 3
percent. The maximum torque 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 current, I, by
90°. This 90° relationship is approached, if the com-

pensator loading resistor (R3, Rga, Rap or Roc) is
open-circuited. The effect of the loading resistor,

when connected, is to produce an internal drop in
the compensator, which is out-of-phase with the in-
duced voltage, IT, ITp, ITg or ITc: Thus the net
voltage, V, is phase-shifted to change the compen-
sator maximum torque angle. As a result of this phase
shift the magnitude of V is reduced, as shown in Fig.
2.

Tap markings in Fig. 3 are based upon a 750 com-
pensator angle setting. If the resistors R3, Roa, RoB
and Rog 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:

TS sin 6

26 ={1%M) sin 750

TAP PLATE MARKINGS

(T, TA, T, and TC)
.87 1.16 1.6 2.2 3.0 4.2 5.8

(S, SA, Sc, RB)
1 2 3

M, Ma, M)
+ Values between taps .03 .06 .06

TIME CURVES AND BURDEN DATA

Operating Time

The speed of operation for the KD relay three-
phase and phase-to-phase units is shown by the time
curves in Figure 12. The curves indicate the time in
in milliseconds required for the relay to close its
contacts for tripping after the inception of a fault at
any point on a line within the relay setting.

Figure 13 and Figure 14 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-closing time for faults
within the relay setting.

Current Circuit Rating in Amperes

Tap Setting Continuous 1 Second
5.8 5 240
4.2 7 240
3.0 10 240
2.2 10 240
1.6 10 240
1.16 10 240
0.87 10 240

Burden

The burden which the relays impose upon poten-
tial and current transformers in each phase is shown
by Figure 15 and Figure 16 for the KD and KD-1 re-
lays respectively. The potential burden and burden
phase angle are based on 69 volts line-to-neutral ap-
plied to the relay terminals.

Trip Circuit Constants

0.1 ohms d.c. resistance
0.2 tap — 6.5 ohms
2 tap — 0.15 ohms

1 ampere rating:
0.2/2.0 ampere rating:

13
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SETTING CALCULATIONS

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

T, Ta, T and T¢

.871.16 1.6 2.2 3.0 4.25.8

S, Sa, Rp and S¢

1 2 3
M, M,A’ MC
.03 .06 .08

(Values between taps)

Maximum torque angle is set for 75° (current lag-
ging voltage) in the factory. This adjustment need not
be disturbed for line angles of 650 or higher. For line
angles below 650, set for a 60° maximurh torque
angle, by adjusting R3, RZA’ RZB and RZC' Set zone
1 reach to be 90% of the line (85% for line angles of
less than 500),

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:

v -z SO 0.9Re
(sin 750y P TR,

The terms used in this formula are defined as follows:

29 = the desired ohmic reach of the relay.

S
. = = th ing.
V4 1T M the tap plate setting
T = compensator tap value
S = Auto-transformer primary tap value
6 = Maximum torque angle setting of the relay.
Sin 6
i 0 A ———r— "
(For a factory setting of 750 then Sin 750 1)

M = Auto-transformer secondary tap value.
(This is a Per Unit value and is determined by
by the sum of the values between the “‘L.’’ and
the ““R’’ leads. The sign is positive when ‘‘I,’’
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).

Zypri =ohms per phase of the total line section
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0.9 =the portion of the total line for which the re-
lay is set.

R, = current transformer ratio

Ry = 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

i o)
of 6.9 S greater than Z where Z = ZGM
(sin 0 ).
2. Select a value for T that is nearest the value
2
S -

3. Determine the value of M that will most nearly
TS
make M ==z - 1. If the sign is negative, then

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

For example, assume the desired reach, Zg of the
relay is 7 ohms at 60 degrees. Then Z = 7 x 1.11 =
7.8 ohms.

1. The lowest tap S for 6.9 S greater than 7.8 is
S=2
Set S, S5 , Ry, and Si in tap 2.

2. T nearest to'-‘;*s: 3.9 is 4.2 ohms

Set T, Ta Ty and T in tap 4.2.

3 M =$'—§—1 = 1.075 — 1 =.075 (Use M =.09)

Set M, M and M for +.09.

4.2 x 2
4. Then Z _(1—+.6§) = 1.7 ohms

Sin 6
Sin 750
torque angle setting of 60 degrees which is
98.6% of the desired value.

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

6. Set R3, Raa, Rop and Rye 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 4, Tg, and T¢), each
of the three auto-transformers, primaries (S, SA, and
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TYPES KD AND KD-1 RELAYS

S¢) and secondaries (M, Mjp, and Mc), and the bal-
ancing resistor Rg which should be set at the same
value as Sp and S¢. All of these settings are made
with taps on the tap plate which is located between
the operating units. Fig. 3 shows the tap plate.

Compensator (T, Ta:, Tg, and T¢)

Each set of compensator taps terminate in inserts
which are grouped on a socket and form approximate-
ly three quarters of a circle around a center insert
which is the common connection for all of the taps.
Electrical connections between common insert and
tap inserts are made with a link that is held in place
with two 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-
nector 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-Transformer Primary (S, SA, ond Sc)

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 ‘S’ 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 I, 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 can be made are
from —.15 to +.15 in steps of .03. The value of a set-
ting 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

18

sign is positive (+) 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™ value. Neither lead connector

should make electrical contact with more than one tap

at a time.
Tabulated Settings

_275_0 M L Lead R Lead

0.87 TS +.15 Upper .06 0
0.89 TS +.12 Upper .06 .03

0.92 TS + .09 Lower .06 0
0.94 TS + .06 Upper .06 Lower .06

0.97 TS + .03 .03 0

TS 0 0 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 .06

Rp Settings

RB is a circuit balancing resistor for the phase-
to-phase unit. The Rp tap setting should he the same
as Sp and S¢ settings.

Line Angle Adjustment

Maximum torque angle is set for 759 (current lag-
ging voltage) in the factory. This adjustment need
not be disturbed for line angles of 65° or higher. For
line angles below 650, set for a 60° maximum torque
angle by adjusting the compensator loading resistors
R3, Raa, Rop and Roc. 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 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 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
use a Type WL relay with a S#304C209G01 coil, or
equivalent.
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TYPES KD AND KD-1 RELAYS
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123
290B235

Fig. 19 A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — Autotransformer

Termination.
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290B236

Fig. 20 A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — Wye-Delta Bank
Termination with Grounded Wye on Relay Side.
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Fig. 21 A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — Wye-Delta Bank

Termination with Delta on Relay Side.

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 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-
moved 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
1L, 41-076.

EXTERNAL CONNECTIONS

Fig. 17 shows the connections for 3 zone pro-
tection utilizing the TD-2 timer. Fig. 18 is similar to

Fig. 17 except that the TD-4 timer is used instead of
the TD-2. Fig. 18 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.

A-C connections for additional applications are
shown in Figs. 19, 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 low
side voltage and current are used to energize the re-
lays. In calculating the reach settings, the bank im-
pedance must be added to the line impedance.

For the case of a wye-delta bank (Figs. 20 and
21) the voltages and currents 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 connections of Fig. 22 when the Zg is
less than 0.75 ohms. The 2 to 1 or 3 to 1 auxiliary
current transformers reduce the relay current. In ef-
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Fig. 22 A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — for Chmic Settings
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Fig. 23 External Schematic of Type KD-1 Relay with Type TD-2 Timing Relay for Generator Backup Protection.
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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 ohms.

Fig. 23 shows a KD-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
CT'S are not required if the TD-4 is used.

SWITCHBOARD TESTING WITH KD AND
KD-1 RELAYS

Immediately prior to placing the relays in ser-
vice, the external wiring can be checked by manip-
ulating the current and voltage applied to the relay.
If 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 relay
measures the balancepoint impedance accurate-
ly.

Distance Units

Check the electrical response of the relay by
using the test connections shown in Figure 24. Set
T, Ta, T, & Tc for 5.8, Sp, Sc, & Rg for 1} M,
M,, & Mc for + 0.15.

A. Use connections for Test No. 1 and adjust the
voltages VipoF and Vomgp 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 an angle
of 750 current lag.

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 VIF‘ZF equals 30
volts. (120-45V-45V =30V)

E. The current required to make the contacts
close for the phase-to-phase (top unit should
be between 2.95 and 3.05 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 greater than 3% of the smallest value.

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

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c 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 greater than 1.2 amperes for
the 1 ampere ICS. The current should not be greater
than the particular ICS tap setting being used for the
0.2-2.0 ampere ICS. The operation indicator target
should drop freely.

The contact gap should be approximately 0.047"’
for the 0.2/2.0 ampere unit and 0.070’’ for the 1.0
ampere unit between the bridging moving contact and
the adjustable stationary contacts. The bridging 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 experience,
to insure that the relays have retained their calibra-
tion and are in proper operating condition.

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

Distance Units

Use connections for tests 1, 5, 6 & 7 of Fig. 24
to check the reach of the relay, or use a K-Dar Test

23



TYPES KD AND KD-1 RELAYS

Unit for this purpose. When using test 1 of Fig. 24
the phase angle meter must be set for 30° more than
the maximum torque angle. Note that the impedance

ViL
V3 I,
where Vi1, is the phase-to-phase voltage and I, is
the phase current; similarly, in tests 5, 6 & 7 of Fig.

measured by the 3-phase unit in test 1 is ZR =

. VL-L
24 the phase-to-phase unit measures ZR = 21—

L

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.

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 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 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
arm.

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

Autotransformer Check

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

Set S, Sa, and Sc on tap number 3. Set the “R’’
leads of M, M,A' and Me all on 0.0 and disconnect all
the ““L’’ leads. Adjust the wvoltages Vipop and
V2F‘3F for 90 volts. Measure the voltage from terminal
8to the #1tap of Sand Sa. It should be 30 volts. From 8
to the #2 tap of S and Sp should be 60 volts. The
voltage should read 30 volts from 8 to 8¢ =1 and 60
volts from 8 to Sc =2

Set S, S,A' and S~ on 1 and adjust Vipop and
Vorgy for 100 volts. Measure the voltage drop from
terminal 8 to each of the M and the M4 taps. This
voltage should be equal to 100 (1 + the sum of values
between R and the tap being measured). Example:
100 (1 + .03 +.06) = 109 volts.

Check the taps of Me in 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.

Distance Unit Calibration

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

T, T, Ty, and To seton 5.8

S5, Sp, Ry, and S set on 1

“R" for M, My, and M set on 0.0

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

I. Three-Phase Unit

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

The procedure outlined below will assure a proper
adjustment of the reactor. The reactor is adjusted to
make the impedance angle of its own circuit equal to
the impedance angle of the compensator secondary’s
circuit.
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1. Connect the circuits of terminals 7 and 9 in
parallel by disconnecting 1F from Brush No. 1
and connecting 1F to 3F in Figure 23.

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 and not high enough to cause saturation of
the reactor.)

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

4, The core 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 cur-
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 circuit terminals 7, 8 and 9 or 1
2p, and 3p in Figure 24.

9. 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
because excessive opening torque will tend to
make the relay under reach at low voltages.

3. The Reactor X adjustment should be checked
after any change in core adjustment.

C. Maximum torque angle adjustment.

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

2. Adjust the voltages V1 F and V2F‘3F for 50
volts with Brush No. 1 and Brush No. 2 respec-
tively .

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

The maximum torque angle & for the three-

+ 92
3 — 30) degrees.

This angle should be between 73° and 76°

phase unit then is (

4. A smaller angle may be obtained by reducing

Rg. The angle may be increased by increas-
ing R3.

D. Contact Adjustment.

KD Relay: With moving-contact arm against right-
hand backstop, screw the stationary contact in until
it just touches the moving contact. (Check for con-
tact 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.

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

E. Spring Restraint: Reconnect for a three-phase
fault, Test No. 1, and set the phase shifter so that the
current lags voltage by 60. Adjust the spring so that
the current required to close the left-hand contact is
as follows:

Voltages V1F2F‘ and V2F3F = 10 volts
Current to trip KD

1.27 amperes

Current to trip KD-1 1.3 amperes.

II. Phase-to-Phase Unit:

#* A, Rough Adjustment of Ry 4 and Ry

Set Rya to slightly less than half the adjustable
range so that the adjustable band is nearer the
center than the end.

1. Using connections for test #1 of Figure 24 ad-
just brush #1 so that Vymom = Vg = 0. Adjust
brush #2 for rated voltage across terminals 8 &
9. Adjust Ry so that the contact floats or has a

minimum of torque. This is a rough adjustment
for making the impedance angle of phase 1 to
be equal to impedance of phase 2.

2. Using test #1 to Figure 24, adjust brush #2 so
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that Vomsp = Vgg = 0. Adjust brush #1 for

rated voltage across terminals 7 & 9. Adjust
Rpme so that the contact floats or has a mini-

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

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

Therefore, the Rya and Ryc calibration should be

checked after any change in the maximum torque
angle. If there is an indication that the Rya and Ry

adjustments should be changed due to a maximum tor-
que angle adjustments re-calibration can be accom-
plished by adjusting Rp only.

1. Use the No. 2 Test switch positions and lead
connections. This connection is for checking
and adjusting the maximum torque angle of the
phase-1 compensator.

2. Adjust the voltage V 1F2F 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, 01 and
62. at which the top unit contacts just close.
The maximum torque angle 8 for the phase-to-

+ 0o

phase unit then is (Lz— — 30) degrees.

This angle should be between 73° and 76° when re-
ceived from the factory.

4. The angle 0 can be changed by adjusting Roa.
A lower value of resistance gives a smaller
angle and a higher resistance value gives a
greater angle,

5. Use 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 made 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 RZC'

C. RM A and RMC Calibration

These components serve the same purpose in the
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phase-to-phase unit circuit as the reactor X does in
the 3-phase unit circuit, That is, Rya and Ryme 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 circuit Figure 24. Each value of current re-
quired to trip the top cylinder unit for each of the
three conditions should 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 Rpma or Ry can cause the

spreadin current values toincrease to more than 10%.

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

2. Adjust the voltage between Ph.1 and 1F and
between PH.2 and 2F for 57.5 volts each using
Brush No. 1 and Brush No. 2 respectively,
to provide 5 volts between 1F and 2F
(Vipop = 120 — 57.5 — 57.5 = 5 volts).

3. Adjust the phase shifter for  degrees between
load current and Vpy 1.py. o

4. With load current set for 0.51 amperes, adjust
RM A SO that the top cylinder unit contacts
just close.

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

6. Determine the current value at which the con-
tacts close for a 3-1 fault using Test No. 7.
If the 3-1 fault current is greater than 0.51
arr:;leres then RMA is too low and RMC is too
high.

7. Increase Ry a slight amount and reduce RMC
an equal amount until the contacts just close
for 0.51 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
No. 7 within + 9%.

9: If the currents are not equal +29% then use the
average value for Tests Nos. 5 and 6 deter-
mined in step 8. and repeat steps 1 through 8.
At first there may be an over-correcting or
pendulum action as one balances the Rpa and
and RMC resistors. However, with a little ex-
perience the circuits can be balanced after
two or three trials.
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D. Spring Restraint.

1. Use Test No. 1 connections except reverse
the voltage phase sequence by interchanging
the Brush connections so that Brush 1 is con-
nected to 3F and Brush 2 is connected to 1F.

2. Adjust the voltages V1F2F‘ and V2F‘3F for 3.5
volts each with Brush No. 2 and Brush No. 1
respectively. Position the moving-contact spring
adjuster so that the contact just floats and then
return the circuit connections to normal with
Brush 1 to 1F and Brush 2 to 3F.

E. Contact Adjustment

The procedure for contact adjustment for the
phase-to-phase unit is identical to that described in
section D for the 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 5 Vp 1, to 120 V. The corrected tap value is
actual relay reach at a given maximum torque angle 6

TS sin @

(1+ M) (sin 750)
now calibrated and ready for service.

and is equal to ZO = » The relay 1s

III. Compensator Check

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

A. Set T, TA, TB, and TC on the 5.8 tap.

B. Disconnect the ‘‘L.’’ leads of sections M, My,
and M and the brush leads of R3, Ryp. Rop,
and Roc.

C. Connect terminals 13 to 14, 15 to 16, 17 to 18
and pass 10 amperes a.c. current in terminal
10 and out of terminal 12.

D. Measure the compensator voltage Ve with a
high resistance voltmeter 5,000 ohm/volt as
tabulated below. Refer to Figure 1 for the
location of R3, Rga, Rop, and Roc.

Measure Vo

From To Fixed Voltmeter Reading
Terminal | End of .
VA= 1L51T( ‘M—)
c - sin 750
“L”0ofM | R3

=90.1 volts (8 = 900)

(X3 Y
L’’ofMa| R2A sin 6

V., =1T¢

8 Rop C sin 75°

= 60.1 volts (6 = 909)

‘(L"ofMC ch

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

IV. Overall Check

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

A. Three-Phase Unit
Connect the relay for a three-phase fault, Test
No. 1 of Figure 24, and set the phase shifter so that
the phase angle meter indicates 30° more than the

maximum torque angle. The current required to trip the
relay should be within the limits specified for each of
the voltages. Note that for the three-phase unit the

impedance measured by the relay is Zgr =:/7_£‘_L where
311,

Vi-L is phase-to-phase fault voltage and L, is
phase current.
Volts Amperes (0=T5 )1t &t
VIiF2F
& Vopsp Imin Imax
10 - 1.27 KD
1.3 KD-1
30 3.44 3.6 KD
3.65 KD-1
70 7.9 8.1 Both

t to determine the limits of current when 6 is not
equal to 750 multiple the nominal values tabulated

3 e}
above by the ratio S?n 15 .
sin 6

11 Phase angle meter set for 6 + 300,
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B. Phase-to-Phase Unit

Using the connections for Tests Nos. 5, 6, and 7,
set the phase shifter so that the current lags voltage
by 09 The current required to trip the phase-to-phase
unit should be within the limits specified for each of
the voltages. Note that for the phase-to-phase unit
the impedance measured by the relay is Zp = M_

21y,
where VL~L is phase-to-phase fault voltage and IL is
phase current.

- 750
Pest Volts Amperes (0 = 750)t
No.
Viror Imin Imax
5,6&17 5.0 0.50 0.52
Forboth
30.0 2.95 3.05 KD&KD-1,
relays
70.0 6.90 7.10

t To determine the limits of current when 8 is not
equal to 75¢, multiply the nominal values tabulated
sin 750

above by the ratio sin 0

Indicating Contactor Switch (1CS)

Close the mainrelay contacts and pass-sufficient
d:c 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 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 touch both stationary contacts
simultaneously.

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable 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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PN
TABLE |
NOMENCLATURE FOR RELAY TYPES KD AND KD-1
UNIT ITEM DESCRIPTION
Z(3P)1-2 Two Element-Coils; Total d.c. Resistance = 360 to 390 ohms
Z(3¢)2-3 Two Element-Coils; Total d.c. Resistance = 680 to 740 ohms
RM 2 Inch Resistor 40000 ohms Fixed for KD
(3-1/2 inch 8500 ohm Adj. for KD-1)

5}1 Rg 2 Inch Resistor 600 ohms Adjustable

=

E C3A 1.8 MF'D Capacitor for KD (0.6 MFD for KD-1)

25

§ Csc 0.50 MFD Capacitor (0.6 MFD for KD-1)

B
T Compensator (Primary Taps —.87; 1.16; 1.6; 2.2; 3.0; 4.2; 5.8)
S Auto-Transformer Primary (Taps — 1, 2; 2)
M Auto-Transformer Secondary (Between Taps —0.0; .03; .06; .06)
X Variable Reactor for KD (Not in KD-1) e
Z(b- ) Two Element-Coils; Total d.c. Resistance = 560 to 600 ohms
RMA 3-1/2 inch Resistor 2000 to 3000 ohms adjustable
RMC

% 2 inch Resister Fixed-adjustable Taps at 30 & 55 ohms;

= Rp adjustable 55 to 385 ohms

[«

2 R2 A, Rop. Roc 2 inch Resistor 600 ohms Adjustable

% Coas Coc 1.6 MFD Capacitors

=

~ Ta Ty, T Compensators Same As T
S A SC Same As S
M A MC Same As M
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PANEL LOCATION
SEMI-FLUSH MTG.
PROJECTION MTG.

IS
g

9 1 =) 9
B e Mt
"~ | Y ansl
) = , : 4
T -
—5
i B
()]
‘ !
|
+ 1 ¢ —— &
o
o
- o
o SJ.‘QL — B %',9 -l
-5
1B S
N W, “‘: !
™ 3% i i !l ol 25 e
.« G2 —» i | e
8 Lx 4—5%

PANEL CUTOUT

__190-32 SCREW

PANEL.

SPACER FOR
THIN PANELS

FOR SEMI-FLUSH MTG.

J‘ DIA. 4 HOLES FOR
.190-32 MTG.SCREWS

¢ DRILLING
ZDIA. 20 HOLES
OR CUT OUT

4
2-18 ScREW e
(FOR THICK |
 PANEL u)ss | 5
£ ja=Tup
[ ) 4 —¢__\

i 19032 SCREW
—
it o FOR THICK PANEL
USE.I1D90-32 STUD

/\_/\/\%
1
+ %% 3 . 7,%01/:.. 2 HOLES

\

TERMINAL AND
MOUNTING DETAILS

PANEL DRILLING OR
TUTOUT FOR PROJECTION MTG.
(FRONT VIEW)
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T

i
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Fig. 25 Outline and Drilling Plan for the Type KD and KD-1 Relays in the Type FT42 case.
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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.

Potential Circuit Check

Close the three relay potential switches numbered
7,8,and 9, (Figure 17). The connection for the proper
phase sequence will be indicated by a strong contact-
opening torque. Closing torque will indicate reverse-
phase sequence.

Current Identification

Current flowingin a given phase of the relay may
ormay not be the proper current. By using the switch-
ing procedure of Table II, the relay can identify what
current is actually flowing in each phase. Thus, wiring
defects can be identified. To identify the currents,
the power factor angle, Jpm, must be within the range
of (30° — 9) to (90° — &), where &is the maximum
torque angle of the relay. For example, if & = 75°

(factory setting), the permissible range of QPF‘ is
45° (current lagging) to + 15° (cwrrent leading); if &
= 60°, the range is + 30°. The procedure is as fol-
lows:

1. Read watts, vars, and amperes; if Opp is with-
in the range of (30° — &) to (90° — &) and if
the current is at least 1.2 amperes, proceed.
Note, however, that if the indicated power-
factor angle is within 3° of the test limits, the
results will be questionable, depending upon
the accuracy of the power measurements and
upon how these readings vary during the tests.

2. Set T = 5.8, S = 1 for maximum sensitivity.
(Lower taps may be used, provided current ex-
ceeds 7/T).

3. Perform the 9 switching combinations in Table
11, recording the relay-contact position for each
combination.

4. Identify the currents, using the last four col-

32

umns in Table II. The specific procedure is
described in the following example.

5. Reset the relay to the desired taps.

Current |ldentification Example

1. Measured currentis 2 amperes. For power flow,
assume two cases:

Case I — 25 MW OUT, 3 MVAR MW
Case II — 25 MW IN, 3 MVAR OUT

Plotting these values in Fig. 26 (a), it is seen
that the power-factor angle is satisfactory for
the tests.

2. Set T =5.8,8=1

3. Switching Relay Contact Position
Combination Case I Case II
la Open Closed
1b Open Closed
2a Open Closed
2b Closed Open
3a Open Closed
3b Open Closed
4 Closed Open
5 Closed Open
6 Open Closed

4. Refer to Table IV. Here the nine switching
combinations have been regrouped according
to the ‘‘phase receiving current.””

Then, each set of 3 tests identifies the current
in that phase of the relay. For example, for Case I,
switching combination 1b results in the relay con-
tacts staying open. Any one of three currents could
produce this result: — Ipyq, — Ipgg or + Ipyg. That
is, phase 1 or phase 2 current flowing out of relay
polarity, or phase 3 current flowinginto relay polarity,
could have developed opening torque. This information
was derived from the last three columns of Table II.
These columns apply, if the contacts close. However,
since the contacts opened, the signs, + + -, were
reversed. Now, in order to eliminate two of the current
possibilities, combinations 4 and 2a are also ana-
lyzed in Table IV. Combination 4, Case I results
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TABLE Il

SWITCHING FOR CURRENT IDENTIFICATION

Position of switches numbered:
z Current sw. (blank
g EQ-: Voltage sw. indicates open sw.)
Bz | v v v, 1 1 i T
ba 1 2 3 1 2 I3 Iy Unit which Phase Current & polarity
2 7 p P should have (receiving| which can produce
&8 8 }g %g ig ig contact- current contact-closing torque
(3¢) closing
torque Ipr: | Ipm2 | IPH3
Open & a Closed P-¢&t 3 - - t
1 j‘;':g ts(:"' Closed | Closed
9 b |Closed Closed P-P& 3¢ 1 + + -
Open & a | Closed Closed | ¢-¢& 3¢ 1 + - -
2 | Closed ["U™P SWy 5564
jaw to
7 b Closed ¢-d&t 2 - + +
Open & | Closed ¢-¢& t 2 - + -
3 Closed | Closed [JUMP SW.
jaw to
8 b Closed ¢-¢& t 3 + - +
Open &
4 |[Closed | Closed ['5™P 8W- Closed| Closed | ¢-¢& 3¢ 1 - + -
jaw to
7
Open &
jump sw.
5 jaw to Closed | Closed Closed P-d& t 2 - - +
8
Open &
Jjump sw. . 3 + - -
6 Closed jaw to Closed Closed ¢-d& t
9
t Block 3 ¢ Unit Open
1 Based on Limits of 6+ 6pp = 30° to 90°
(+) = Current flowing into polarity of ¢ ¢ unit compensator primaries
(=) = Current flowing out polarity of ¢ ¢ unit compensator primaries
6= Max. Torque Angle (Always Positive)
SPF‘ = Power Factor Angle (Negative for Current Lagging, Positive for Current Leading)
SWITCHING FOR CIRCUIT VERIFICATION
Phase to be Switching # Torque when phase current is
verified combination Into the line Out of the line
1b closing opening
4 opening closing
1 2a closing opening
2b closing opening
5 opening closing
2 3a closing opening
la closing opening
6 opening closing
3 la closing opening

# ONLY TWO OF THE THREE COMBINATIONS ARE NEEDED TO VERIFY ANY PHASE.
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could have been produced by — Ipyy, + Ipgso, or —
Ipys. These signs can be taken directly from Table
I1, since the contacts closed during this test. Again,

for combination 2a, Case I, the signs in Table II must
be reversed, since the contacts opened.

After completing the analysis of the three tests,
it is noted in Table IV that the current must be —
Ipy1. Accordingly, the right phase of wrong polarity
is flowing in phase 1 of the relay. A similar
analysis for the other two sets of switching com-
binations, shows that phase 3 current of the proper
polarity is flowing in phase 2, and vice versa. The
indicated actual connections are per Fig. 26 (b).
Phase 1 connections must be reversed and the phase
2 & 3 connections must be interchanged to correct
the wiring.

Case II is identical to Case I except that the
power is flowing IN rather than OUT. Now the contact
positions are reversed. For combination 1b, the con-
tact closes; therefore the signs in the last three col-
umns of Table II are applicable. The analysis of the
phase 1 combinations discloses that + Ipyyq is flow-
ing. This is incorrect, as shown in Fig. 26 (c) since
the current should be flowing out of relay polarity
rather than into polarity. Note, then, that regardless
of the direction of power flow, the same conclusions
are reached concerning the improper relay connec-
tions.

After correcting the wiring defects, repeat the
tests to verify proper connections.

5. Reset the relay.

Current Verification

If there are no errors in the wiring, only six of
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the nine switching combinations are required to verify
that fact. All nine combinations are necessary only
to identify wiring errors. For example, tests 2a, 3a
and la may be omitted for verification. In some cases
it will be preferable to use combinations 2a, 3a, and
lainstead of another set to avoid the zero-torque line
of the relay. Fig. 27 defines where the zero-torque
line exists for the various switching combinations.
For example, the zero-torque line occurs at 165° and
345° for tests 1b, 2b and 3b when &= 75° (when &=
60°, zero-torque occurs at 150° and 330°). If, after
plotting the measured watts and vars on the diagram
in Fig. 27, the relay is operating near these angles,
then use the other six switching combinations to
verify the connections. For example, assume that the
watt-var plot shows the power-factor angle to be 330°
with 6= 75°. As indicated in Fig. 27, this is beyond
the range of Table II. However, it is not necessary
to meet the phase angle limits of Table II when veri-
fying. Instead, the information in Fig. 27 should be
used. For verifying phase 1, use tests 4 and 2a since
test 1b places the relay closer to the zero-torque line
than do tests 4 and 2a. Note that Fig, 27 indicates
that for a 330° power-factor angle, the contacts should
open during test 4 and should close for test 2a. Sim-
ilar contact action should occur to verify the other
two phases.

If the verification check is not completely suc-
cessful for the above example where fpgm = 330°,
the currents cannot be identified, because the angle
is not within the specified limits of Table II. Instead
conventional methods must be used to find the wiring
errors.
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TABLE 1V

CURRENT IDENTIFICATION EXAMPLE

CASE I (POWER OUT)

CASE II (POWER IN)

SWITCHING CONTACT POSSIBLE CURRENT CONTACT POSSIBLE CURRENT
COMBINATION POSITION Ipg1 IpH2 IpH3 POSITION IpH1 IpH2 IpH3
Relay Phase 1 Identification
1b Open - - + Closed + + -
4 Closed - + - Open + - +
2a Open - + + Closed + - -
-Ipgy is flowing in phase 1 of relay -IpH1 is flowing in phase 1 of relay
Relay Phase 2 Identification
2b Closed - + ¥ Open + - -
5 Closed - + + Open + - -
3a Open + - IRy Closed - + -
+Ipy3 current is flowing in phase 2 of relay -Ipyg current is flowing in phase 2 of relay
Relay Phase 3 Identification
3b Open - + - Closed + - +
6 Open - + + Closed + - -
la Open + + - Closed - - +

Hpg2 current is flowing in phase 3 of relay

-Ipg2 current is flowing in phase 3 of relay
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Fig. 26 Current Identification Example

Fig. 27 Phase Diagram for Current Circuit Verification
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L.L. 41-491E

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
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 available with indicat-
ing contactor switches with either 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 a lockout relay is energized or where
a high impedance auxiliary tripping relay is utilized.

Refer to L.L., 41-911 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. See Figs. 17 and 13 for the external schematics
for 3 zone protection, using the TD-2 and TD-4 re-
lays, respectively. For further discussionsee ‘‘Ex-
ternal Connections.”

CONSTRUCTION

The types KD and KD-1 relays each consist of
four single air gap transformers (compensators), three
tapped auto-transformers, two cylinder type operating
units, and an ICS indicating contactor switch. The
KD relay also contains an adjustable reactor not
used in the KD-1.

Compensator
il bbbt

The compensators which are designated T, Ta

Tg, and Tg are two-winding air-gap transformers
(Figure 2). The primary, or current winding, has
seven taps which terminate at the tap block, (Fig-
ure 3). They are marked .87, 1.16, 1.6, 2.2, 3.0, 4.2,
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
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 propor-
tional to the line current is subtracted vectorially
from the relay terminal voltage. The second section
is connected to an adjustable loading resistor and
provides a means of adjusting the phase angle rela-
tion between primary current and the induced second-
ary voltage. The phase 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 torque angle of 75° current
lagging voltage.

Avto-Transformer

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

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

The auto-transformer makes it possible to expand
the basic range (T = 0.87 to 5.8 ohms) by a multiplier
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with (I — 3Ip) current in Fig. 17. Current I is the
phase 1 current; 3Ip is the residual current. There are
three compensators shown — one for each of the three
zones., One connection uses an auxiliary current trans-
former to insert the 31y component. The alternate con-
nection supplies the compensator primaries with
(I3 — I3). Since 17 + Iy + I3 = 3, (I} —3Iy) =
( —I2 —I3). (Currents Iy, I2 and I3 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 Z. 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 induced 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 90° for illustrative purposes only. Prefault
voltages are depicted by the large triangle. The
smaller dashed triangle in each case is the system
voltages at the relay location during the fault. This
triangle is modified by the compensator voltage,
— IIZC' where Zc is the compensator mutual imped-
ance. The terminals of the tripping unit are designat-
ed: X, Y & Z. Phase 1 tripping unit voltage is:

Vx = Vi — I1Z¢

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

For a fault at A, beyond the relay operating zone,
the compensator \Htage, —I1Zc, modifies the phase 1
voltage, reducing the voltage triangle on the tripping
unit to X-Y-Z With an X-y-7 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 —I 1Zc is larger. The point X is
in line with points Y & Z. No torque is produced,
since the X-Y-Z triangle has a Zero area.

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

For a fault behind the relay at D, restraining tor-
que is produeed. Since the fault is behind the relay

the current is of reversed polarity. Compensator
voltage, —I1Z¢, increases the area of the bus voltage
triangle, 1-2-3. Tripping unit voltage has an X-Y-Z
rotation which produces restraining torque.

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
provides momentary operating torque under these con-
ditions, for an internal fault. In the KD-1 relay the
coil Z in the current circuit, in conjunction with the
compensator voltage, produces a current only torque,
which maintains operating torque under the condition
of zero potential.

The Ry and Cgp parallel resistor-capacitor com-
bination in the compensated phase corrects for a
shift in the phase-angle relation between the voltage
across the left hand coils of Z (30) and the voltage
across the right hand coils of Z (3@), in figures 4 and
5. This phase shift is produced by capacitor C3c, The
RM—C3A combination also provides control of trans-
ients in the inductive coils of the cylinder unit,.

A small variable reactor X is used, in the KD re-
lay only, to compensate for variations in other com-
bonents and assists the Ry and C3a combination to
correct the phase-angle relations. The reactor has
two coils which may be connected inthe factory either
in series or in parallel for stepped adjustment. A
screw type core is utilized for changing an internal
air gap to produce a continuous adjustment,

Phase-to-Phase Unit

Compensator primaries of T.A' Tg and T are
energized by I7, I and I3, respectively, as shown in
Fig. 17. Nine compensators are shown, three for each
zone. Compensator secondaries are connected to modi-
fy their respective phase voltages (e.g. T A modifies
V). With a fault 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

is modified by the compensator voltages, —I1Zc,
—IbZc, and —I3Z¢, where Z¢ is the compensator
mutual impedance. In this case I1 =0, so that only
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Type KD and KD-1 Relay.

phase 2 and 3 voltages are modified. The terminals
of the tripping unit are designated; X, Y and Z.
Phase 1tripping unit voltage is:

Vx = V1 —IiZc = Vi
Phase 2 tripping unit voltage is:

Vy = Vo — I2Z¢

Phase 3 tripping unit voltage is:

Vg, = V3 — I3Z¢C

For a fault at A, 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-
tion produces restraining torque.

For a fault at B, the compensator voltages are
larger, since the current is larger than it is for the
fault at A. Points Y & Z coincide and the area of the
X-Y-7Z triangle is zero. No torque is produced.

For a fault in the operating zone, such as at C,
the compensation reverses the rotation to X-Z-Y.
Operating torque 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 voltages
increase the area of the 1-2-3 triangle. Tripping unit
voltage has an X-Y-Z rotation. This rotation produces
restraining torque.

Note that this unit does not require memory action,
since the sound-phase voltage reacts with the com-

T
&
0

. Impedance Curves for Type KD and KD-1 Relays.

pensator 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. The phase-
to-phase unit is identical in the KD & KD-1 relays.
Each of the three phase-to-phase fault combinations
subjects the cylinder unit to 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 faults,
particularly at low balance-point voltages, it is
necessary that the impedance angles of the three cir-
cuits from the relay terminals 7, 8 & 9 to the common
connection for Z (#@) and Ry be the same. (See Figs.
4 & 5.) This requirement is fulfilled by the factory
adjustment of resistors RMA and Ryc- This balance
is maintained when S tap 2 or 3 is used by virtue of
the balancing resistor Ry in the phase 2 voltage
circuit.

CHARACTERISTICS

Distance Characteristic — Phase-To-Phase Unit

This unit responds to all phase-to-phase faults
and most two-phase-to-ground faults. It does not
respond to load current, (synchronizing surges), or
out-of-step conditions. While a characteristic circle
can be plotted for this unit on the R-X diagram as
shown in Figure 8, such a characteristic circle has
no significance except in the first quadrant where
resistance and reactance values are positive. A small
portion of the fourth quadrant, involving positive re-
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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 is involved in the fault. The phase-to-
phase unit operating on an actual 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 gives 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: Phase-to-Phase Unit

A plot of relay reach, in percent of tap block set-
ting, versus relay terminal voltage is shown in Figure
9. The unit will operate with the correct directional
sense for zero voltage phase-to-phase faults. For this
condition the fault current must be not less than0.015
relay amperes with an ohm setting of 5.8 with rated
voltage on the unfaulted phase. Pick up current is

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

The KD relay may be set without regard to possible
overreach due to d-c transients. Compensators basic-
ally are insensitive to d-c transients which attend
faults on high-angle systems. The long time-constant
of a high-angle system provides a minimum rate of
change in flux-producing transient current with re-
spect to time, and therefore induces a minimum of
uni-directional voltage in the secondary. Asymetri-
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
half cycle, the transient-derived voltage subtracts
from the steady-state value. This transient decays
so rapidly that it is insignificant during the second
half cycle when it adds to the steady-state value.

Distance Characteristic — KD, 3 Phase Unit

The three-phase unit has a characteristic circle
which passes through the origin as shown in Figure
10. 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 10)which passes
through the origin, However, since the YZ voltage
also drops to zero, the relay would be unable to
determine whether an internal or external fault 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

X
RADIUS=+ Z, (&
ly |8
OFFSET=3Z, [2
R
~——
R-X CHARACTERISTIC

ACTUAL
REACH
N 5.8 OHMS
SETTING
ACTUAL
REAGH

.87 OHMS

TAP
SETTING

Fig. 10. Impedance Circle for Three-Phase Unit in Type
KD Relay.
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* Fig. 11. Impedance Circle for Three-Phase Unit in Type
KD-1 Relay.
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* Fig. 12. Typical Operating Time Curves of Type KD Relay. 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.

Sensitivity — KD, 3 Phase 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 fault.
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 fault or after the memory
action has subsided. With an impedance setting of

5.8 ohms the three-phase unit will directionally opera-
te for faults 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

I =—— amperes
T

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

Distance Characteristic: KD-1 3 Phase Unit

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

n
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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 a T set-
ting of 5.8 and 75 degrees to 120 percent of tap value
at 95 degrees for a 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 torque 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 compensator set-
ting is reduced, the single turn 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
unit is shown in Figure 9. This unit will operate to
close the left hand contact on current only for 3 or
more amperes relay current with T set for 5.8 and for
7.5 amperes or more with T set for .87.

General Characteristics

Impedance settings in ochms reach can be made
for any value from .75 ohms to 20 ohms in steps of 3
percent. The maximum torque 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 current, I, by
90°. This 90° relationship is approached, if the com-

pensator loading resistor (R3, Rga, Rop or Roc) is
open-circuited. The effect of the loading resistor,

when connected, is to produce an internal drop in
the compensator, which is out-of-phase with the in-
duced voltage, IT, IT,, ITg or ITc: Thus the net
voltage, V, is phase-shifted to change the compen-
sator maximum torque angle. As a result of this phase
shift the magnitude of V is reduced, as shown in Fig.
2.

Tap markings in Fig, 3 are based upon a 750 com-
pensator angle setting. If the resistors R3, Raa, RoB
and Roq 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, 0, as follows:

TS sin 6

26 =(TzM) sin 750

TAP PLATE MARKINGS

(T, TA, Tg, and TC)
.87 1.16 1.6 2.2 3.0 4.2 5.8

(8, SA, 8¢, Rp)
1 2 3

(M, Ma, Mo
+ values between taps .03 .06 .06

TIME CURVES AND BURDEN DATA

Operating Time

The speed of operation for the KD relay three-
phase and phase-to-phase units is shown by the time
curves in Figure 12. The curves indicate the time in
in milliseconds required for the relay to close its
contacts for tripping after the inception of a fault at
any point on a line within the relay setting.

Figure 13 and Figure 14 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-closing time for faults
within the relay setting.

Current Circuit Rating in Amperes

Tap Setting Continuous 1 Second
S=1 8=2 S5=3
5.8 5.0 8.5 9.5 240
4.2 6.0 10. 10. 240
3.0 8.0 10. 10. 240
2.2 10. 10, 10, 240
1.6 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 and current transformers in each phase is shown
by Figure 15 and Figure 16 for the KD and KD-1 re-
lays respectively. The potential burden and burden
phase angle are based on 69 volts line-to-neutral ap-
plied to the relay terminals.

Trip Circuit Constants

0.1 ohms d.c. resistance
0.2 tap — 6.5 ohms
2 tap — 0.15 ohms

1 ampere rating:
0.2/2.0 ampere rating:

13
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SETTING CALCULATIONS

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

T, TA, Tg and T¢

.871.16 1.6 2.2 3.0 4.2 5.8

S, Sa, R and S¢

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

(Values between taps)

Maximum torque angle is set for 75° (current lag-
ging voltage) in the factory. This adjustment need not
be disturbed for line angles of 650 or higher. For line
angles below 650, set for a 60° maximum torque
angle, by adjusting R3, R2A' R2B and RZC' Set zone
1 reach to be 90% of the line (85% for line angles of
less than 500),

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:

20 = 7 (Sin ) - Zor 0.9 R¢
(Sin 750) Ry

The terms used in this formula are defined as follows:

Zg = the desired ohmic reach of the relay.

Z = 1M = the tap plate setting.

T = compensator tap value

S = Auto-transformer primary tap value

@ = Maximum torque angle setting of the relay.

Sin 6

i 0 ————————
(For a factory setting of 750 then Sin 750

1)

M = Auto-transformer secondary tap value.
(This is a Per Unit value and is determined by
by the sum of the values between the ‘‘L’’ and
the ‘“R’’ leads. The sign is positive when ‘L.,’’
is above ‘‘R’’ and acts to Lower the Z setting.
The sign is negative when ‘“R’’ is above ‘L’
and acts to raise the Z setting).

Zpri =ohms per phase of the total line section

16

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

R, = current transformer ratio

Ry, = 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

i o
of 6.9 S greater than Z where Z = za(_s'm'Y_S)_
(sin 0 ).
2. Select a value for T that is nearest the value
Z
s -

3. Determine the value of M that will most nearly
TS
make M =" 1. If the sign is negative, then

the M taps are connected with the R lead above
the L lead to Raise the setting,

For example, assume the desired reach, Zg of the
relay is 7 ohms at 60 degrees. Then Z = 7 x 1.11 =
7.8 ohms.

1. The lowest tap S for 6.9 S greater than 7.8 is
S=2
Set S, Sp , Rp, and S¢ in tap 2.

2. T nearest to7—;-;—= 3.9 is 4.2 ohms

Set T, TA, TB and TC in tap 4.2.

3. M =%§——1=1.075—1=.075 (Use M =.09)
Set M, My and Mc for +.09.
4.2x2
. Z= = 7.7 oh
4. Then (1+.09) 7.7 ohms
5. Z —Z(Sirl 0 = 6.9 relay ohms at a maximum
* e~ S].n 750) = Ve 3y !

torque angle setting of 60 degrees which is
98.6% of the desired value.

6. Set R3, Raa, Rop and Ry for 60° maximum tor-
que angle.

SETTING THE RELAY

The KD and KD-1 relays require settings for each
of the four compensators (T, Ta, Tp, and T¢), each
of the three auto-transformers, primaries (S, Sa, and
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S0 and secondaries (M, Map, and M), and the bal-
ancing resistor RB which should 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.

Compensator (T, T Tg, and T¢)

Each set of compensator taps terminate in inserts
which are grouped on a socket and form approximate-
1y three quarters of a circle around a center insert
which is the common connection for all of the taps.
Flectrical connections between common insert and
tap inserts are made with a link that is held in place
with two 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-
nector 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-Transformer Primary (S, SA, 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 S’ 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.

Avto-Transformer Secondary (M, MA, and MC)

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 can be made are
from —.15 to +.15 in steps of .03. The value of a set-
ting 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

18

sign is positive (+) 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” value. Neither lead connector

should make electrical contact with more than one tap

at a time.
Tabulated Settings
Znso M L Lead R Lead
0.87 TS + .15 Upper .06 0
0.89 TS +.12 Upper .06 .03
0.92 TS + .09 Lower .06 0
0.94 TS + .06 Upper .06 Lower .06
0.97 TS + .03 .03 0
TS 0 0 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 .06
RB Settings

Rp is a circuit balancing resistor for the phase-
to-phase unit. The Ry tap setting should be the same
as Sp and Sc settings.

Line Angle Adjustment

Maximum torque angle is set for 75° (current lag-
ging voltage) in the factory. This adjustment need
not be disturbed for line angles of 650 or higher. For
line angles below 659, set for a 60° maximum torque
angle by adjusting the comp ensator loading resistors
R3 Roa, Rop and Roc Refer to repair calibration
parts I (C) and I (B), when a change in maximum
torque angle is desired.

Indicating Contactor Switch (1CS)

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 de-
sired setting by means of the connecting screw. When
the relay energizes a 125— or 250—volt d-¢ 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.
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STATION BUS  PHASE ROTATION 1,23 \
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123
290B235

Fig. 19 A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — Autotransformer

Termination.
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Fig. 20 A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — Wye-Delta Bank
Termination with Grounded Wye on Relay Side.
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Fig. 21 A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — Wye-Delta Bank

Termination with Delta on Relay Side.

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 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-
moved 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
11, 41-076.

EXTERNAL CONNECTIONS

Fig. 17 shows the connections for 3 zone pro-
tection utilizing the TD-2 timer. Fig. 18 is similar to

Fig. 17 except that the TD-4 timer is used instead of
the TD-2. Fig. 18 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.

A-C connections for additional applications are
shown in Figs. 19, 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 low
side voltage and current are used to energize the re-
lays. In calculating the reach settings, the bank im-
pedance must be added to the line impedance.

For the case of a wye-delta bank (Figs. 20 and
21) the voltages and currents 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 connections of Fig. 22 when the Zg is

less than 0.75 ohms. The 2 to 1 or 3 to 1 auxiliary
current transformers reduce the relay current. 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 ohms.

Fig. 23 shows a KD-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
CT’S are not required if the TD-4 is used.

SWITCHBOARD TESTING WITH KD AND
KD-1 RELAYS

Immediately prior to placing the relays in ser-
vice, the external wiring can be checked by manip-
ulating the current and voltage applied to the relay.
If 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.

9. An electrical test to make certain that the relay
measures the balancepoint impedance accurate-

ly.

Distance Units

Check the electrical response of the relay by
ysing the test connections shown in Figure 24. Set
T, Ta, Ty & Tc for 5.8; Sa., Sc, & Rpg for 1; M,
My, & Mg for + 0.15.

A. Use connections for Test No. 1 and adjust the
voltages VipgF 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 angle of 75 ° current lag. (Set phase
shifter for 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 required to make the contacts
close for the phase-to-phase (top unit should
be between 2.95 and 3.05 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 greater than 3% of the smallest value.

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

Indicating Contactor Switch (ICS)

Close the main relay contacts 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 greater than 1.2 amperes for
the 1 ampere ICS. The current should not be greater
than the particular ICS tap setting being used for the
0.2-2.0 ampere ICS. The operation indicator target
should drop freely.

The contact gap should be approximately 0.047"’
for the 0.2/2.0 ampere unit and 0.070’’ for the 1.0
ampere unit between the bridging moving contact and
the adjustable stationary contacts. The bridging 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 experience,
to insure that the relays have retained their calibra-
tion and are in proper operating condition.

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

Distance Units

CAUTION: Before making ‘‘hi-pot’’ tests, jumper all
contacts together to avoid destroying arc-suppressor
capacitors.
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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 using test 1of Fig. 24 the
phase angle meter must be set for 30 ° more than the
maximum torque angle. Note that the impedance mea-

Vi-L
sured by the 3-phase unit in test 1 is ZR =/3—IL

where VL-I_. is the phase-to-phase voltage and IL is
the phase current; similarly, in tests 5, 6 & 7 of Fig.
Vi-L
24 the phase-to-phase unit measures ZR = 21_
L

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.

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 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 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
arm,
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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.

Autotransformer Check

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

Set S, SA, and Sc on tap number 3. Set the “R”’
leads of M, M, and Ma all on 0.0 and disconnect all
the ‘L’ leads. Adjust the voltages Vigop and
Vopsp for 90 volts. Measure the voltage from terminal
8to the #1tap of Sand S,. It should be 30 volts. From 8
to the #2 tap of S and Sp should be 60 volts. The
voltage should read 30 volts from 8 to Sc =1 and 60
volts from 8 to S¢ = 2,

Set S, Sp, and Sc on 1 and adjust Vipop and
Vorgp for 100 volts. Measure the voltage drop from
terminal 8 to each of the M and the MA taps. This
voltage should be equal to 100 (1 + the sum of values
between R and the tap being measured). Example:
100 (1 + .03 + .06) = 109 volts.

Check the taps of Mc in 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.

Distance Unit Calibration

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

T, TA, TB, and TC set on 5.8
S, Sp. Rp, and S seton 1
“R’ for M, Ma, and M@ set on 0.0

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

I. 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 reactor is adjusted to
make the impedance angle of its own circuit equal to
the impedance angle of the compensator secondary’s
circuit,
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1. Connect the circuits of terminals 7 and 9 in
parallel by disconnecting 1F from Brush No. 1
and connecting 1F to 3F in Figure 24,

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 and not high enough to cause saturation of
the reactor.)

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

4. The core 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 cur-
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).

Open the selector switch to a neutral position
and short circuit terminals 7, 8 and 9 or 1p
2p, and 3y in Figure 24.

1.

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
because excessive opening torque will tend to
make the relay under reach at low voltages.

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

Maximum torque angle adjustment.

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

Adjust .the voltages V1F2F and VZFBF‘ for 50
volts with Brush No. 1 and Brush No. 2 respec-
tively .

Adjust the current to 6 amperes and rotate the
phase shifter to find the two angles, & and Go,

at which the bottom unit contacts just close. *

*

*

The maximum torque angle & for the three-

+ (92

3 — 30) degrees.
This angle should be between 73° and 76 ° for
a nominal 75° adjustment. (Phase-shifter read-
ing of 103° to 106° in Fig. 24)

phase unit then is (

4. A smaller angle may be obtained by reducing
Ra. The angle may be increased by increas-
ing R3.

D. Contact Adjustment.

KD Relay: With moving-contact arm against right-
hand backstop, screw the stationary contact in until
it just touches the moving contact. (Check for con-
tact 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.

KD-1 Relay: With moving contact-arm against right
hand side of bridge, screw the right-hand contact in
to just touch the moving contact and then continue
for one more complete turn. Adjust left-hand contact
as described 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
fault, Test No. 1, and set the phase shifter so that the
current lags voltage by the maximum-torque angle.
(105° in Fig. 24) Adjust the spring so that the cur-
rent required to close the left-hand contact is as fol-
lows:

Voltages VIFZF and V2F3F 10 volts

Current to trip KD

n

1.27 amperes

Current to trip KD-1 = 1.3 amperes.

II. Phase-to-Phase Unit:

A. Rough Adjustment of Ry 4 and Ryc

Set Ryp to slightly less than half the adjustable

range so that the adjustable band is nearer the

center than the end.

1. Using connections for test #1 of Figure 24 ad-
just brush #1 so that Vipom = Vqg = 0. Adjust
brush #2 for rated voltage across terminals 8 &
9. Adjust Ry so that the contact floats or has a
minimum of torque. This is a rough adjustment
for making the impedance angle of phase 1 to
be equal to 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
RpMc so that the contact floats or has a mini-

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

B. Maximum torque angle adjustment. Note that a
change in the maximum torque angle adjustment may
upset the calibration of the resistors Rya and Rye.

Therefore, the Rys and Ry calibration should be

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

adjustments should be changed due to a maximum tor-
que angle adjustments re-calibration can be accom-
plished by adjusting Rg only.

1. Use the No. 2 Test switch positions and lead
connections. This connection is for checking
and adjusting the maximum torque angle of the
phase-1 compensator.

2. Adjust the voltage VIFZF and V2F‘3F’ 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, 01 and
09, at which the top unit contacts just close.
The maximum torque angle @ for the phase-to-

01 + 0o
2

phase unit then is ( — 30) degrees.

This angle should be between 73° and 76° when re-
ceived from the factory.

4. The angle 6 can be changed by adjusting Raa.
A lower value of resistance gives a smaller
angle and a higher resistance value gives a
greater angle.

5. Use 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 made 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 Roce

C. RM A and RMC Calibration

These components serve the same purpose in the
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phase-to-phase unit circuit as the reactor X does in
the 3-phase unit circuit. That is, Rya and Rpme 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 circuit Figure 24. Each value of current re-
quired to trip the top cylinder unit for each of the
three conditions should be within 29 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 Rpma or Ry can cause the
spreadin current values toincrease to more than 10%.

1. Comnect the relay for a 1-2 fault as indicated
for Test No. 5.

2. Adjust the voltage between Ph.1 and 1F and
between PH.2 and 2F for 57.5 volts each using
Brush No. 1 and Brush No. 2 respectively,
to provide 5 wvolts between I1F and 2F
(Vipop = 120 — 57.5 — 57.5 = 5 volts).

3. Adjust the phase shifter for @ degrees between
load current and Vpy, 1-py. 9,

* 4. With load current set for 0.53 amperes, adjust

RM A SO that the top cylinder unit contacts
just close.

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

6. Determine the current value 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 2 slight amount and 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
No. 7 within # 29,

9: If the currents are not equal +2% then use the
average value for Tests Nos. 5 and 6 deter-
mined in step 8. and repeat steps 1 through 8.
At first there may be an over-correcting or
pendulum action as one balances the R A and
and RMC resistors, However, with a little ex-
perience the circuits can be balanced after
two or three trials.
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D. Spring Restraint.

1. Use Test No. 1 connections except reverse
the voltage phase sequence by interchanging
the Brush connections so that Brush 1 is con-
nected to 3F and Brush 2 is connected to 1F.

2. Adjust the voltages VIFZF and Vorsp for 3.5
volts each with Brush No. 2 and Brush No. 1
respectively. Position the moving-contact spring
adjuster so that the contact just floats and then
return the circuit connections to normal with
Brush 1 to 1F and Brush 2 to 3F.

E. Contact Adjustment

The procedure for contact adjustment for the
phase-to-phase unit is identical to that described in
section D for the 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 5 Vy 1, to 120 Vy y. The corrected tap value is
actual relay reach at a given maximum torque angle 6

TS sin 6
(1x M) (sin 750)
now calibrated and ready for service.

+ The relay 1s

and is equal to ZO=

III. Compensator Check

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

A. Set T, TA, TB’ and TC on the 5.8 tan.

% B. Disconnect the ““L’’ leads of sections M, M,
and M and the brush leads of R3, Rga, Rop,
and Rgc. (With resistor loading removed & =
90°)

C. Connect terminals 13 to 14, 15 to 16, 17 to 18
and pass 10 amperes a.c. current in terminal
* 19 and out of terminal 12.

D. Measure the compensator voltage Ve with a
high resistance voltmeter 5,000 ohm/volt as
tabulated below. Refer to Figure 1 for the
location of Rg, Rga, Rop, and Roc.

Measure Vg
From To Fixed Voltmeter Reading
Terminal End of )
Voo 15 I(sm 6
c =151 T(5r50)
“L”’of M R3
=90.1 volts (8 = 900)
‘" 9y
L’’ofMa| R2a sin 0
Vo =I1T(——=)
8 Rop sin 75°
= 60. 1 =900
”L"OfMC ch 60.1 volts (6 90°)

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

IV. Overall Check

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

A. Three-Phase Unit
Connect the relay for a three-phase fault, Test
No. 1 of Figure 24, and set the phase shifter so that
the phase angle meter indicates 30° more than the
maximum torque angle. The current required to trip the
relay should be within the limits specified for each of
the voltages. Note that for the three-phase unit the

VL-L where

V3IL

Vi-L is phase-to-phase fault voltage and I, is
phase current.

impedance measured by the relay is Zg =

Volts Amperes (=75 )Tt & T
VipoR
& Vopsp Imin Imax
10 - 1.27 KD
1.3 KD-1
30 3.44 3.6 KD
3.65 KD-1
70 7.9 8.1 Both

t to determine the limits of current when 6 is not
equal to 759 multiple the nominal values tabulated

3 (o]
above by the ratio S}n 15 .
sin 6

11 Phase angle meter set for 6 + 30°.
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B. Phase-to-Phase Unit

Using the connections for Tests Nos. 5,6, and 17,
set the phase shifter so that the current lags voltage
by 00 The current required to trip the phase-to-phase
unit should be within the limits specified for each of
the voltages. Note that for the phase-to-phase unit

the impedance measured by the relay is ZR = VL-L

21y,

where VL-L is phase-to-phase fault voltage and I is
phase current.

— 750
Test Volts Amperes (0 = 750)F
No.
Virop Imin Inax
5,6&"7T 5.0 0.50 0.52
Forboth
30.0 2.95 3.05 KD&KD-1,
relays
70.0 6.90 7.10

Tt To determine the limits of current when 6 is not
equal to 75°, multiply the nominal values tabulated

i o)
above by the ratio —s—l&-
sin 6

Indicating Contactor Switch (ICS)

Close the mainrelay contacts and pass-sufficient
d:c 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 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 touch both stationary contacts
simultaneously.

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable 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 = 680 to 740 ohms
RM * 2 Inch Resistor 1000 ohms Fixed for KD
(3-1/2 inch 8500 ohm Adj. for KD-1)
5}1 Rg 2 Inch Resistor 600 ohms Adjustable
=
a C3a 1.8 MF'D Capacitor for KD (0.6 MFD for KD-1)
2]
5]
gl csc 0.50 MFD Capacitor (0.6 MFD for KD-1)
B
T Compensator (Primary Taps —.87; 1.16; 1.6; 2.2; 3.0; 4.2; 5.8)
S 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(p- ) Two Element-Coils; Total d.c. Resistance = 560 to 600 ohms
RMA 3-1/2 inch Resistor 2000 to 3000 ohms adjustable
RMC
E 2 inch Resistor Fixed-adjustable Taps at 30 & 55 ohms;
< Ry adjustable 55 to 385 ohms
Ay
2 RZA Rop, Roc 2 inch Resistor 600 ohms Adjustable
% Coas Coc 1.6 MFD Capacitors
as}
. T as Ty, T Compensators Same As T
SA, SC Same As S
M‘A' MC Same As M
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Fig. 25 Outline and Drilling Plan for the Type KD and KD-1 Relays in the Type FT42 case.
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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.

Potential Circuit Check

Close the three relay potential switches numbered
7,8, and 9, (Figure 17). The connection for the proper
phase sequence will be indicated by a strong contact-
opening torque. Closing torque will indicate reverse-
phase sequence.

Current Verification

To verify the proper current connections use the
following procedure:

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

2. Plot watts and vars on the diagram in Fig.
26, Draw a line at the load angle determined

by this plot. Designate this line as IgRmp.
See Fig. 27 for example.

3. Set T = 5.8, S = 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 contact position
for each combination. (Actually 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
too 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 tests, these
should be ignored.)

5. Verify the currents using the procedure il-
lustrated in Table III. Here the ‘‘correct con-
tact position’ is determined by observing
whether the IRgp 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
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currents using the following procedure.

Current ldentification

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

1. Plot alg g and aZIREF at 120° angles from
Ingp. See Fig. 27 for example. These currents
are related to the phase currents as shown in
the following table:

Phase

Receiving

Current IRERF allRER alREFRF
1 IpH1 Ipy2 IpH3
2 Ipy2 IpPH3 IpH1
3 lpus IpH1 Ipy2

2. Prepare a table similar to Table IV using
Fig. 27. For example, for test 1b the con-
tacts were open. Such a result would occur if
IREF of the wrong polarity is actually flow-
ing in the phase 1 circuits of the relay. This
conclusion is drawn by noting that Iggp in
Fig. 27 intersects the solid part of the test
1b circle. This says that if +Iggp is flowing
the contacts would close. Since the contacts
actually open, then —IRgp could be flowing.
Similarly, for test 1lb, —aZ2lggp could be
flowing, since the a2lgpp line also inter-
sects the solid part of the test 1b circle.

By the process of elimination for each set of
3 tests, the actual current is identified. For
example, in Table IV, phase 1 receives
—Ipyg1, whereas +Ipygi should be flowing.
In phase 2, +Ipygg is flowing as shown in
Fig. 28. To extract this bit of information
from Table IV, use the above table relating
the phase currents to IREF. aleEF‘ and

alppp.

Note in Table IV that allygp is flowing in
the phase 2 circuits of the relay. The above
table shows for this set of 3 tests that

a2REF = IPH3.

3. Correct the external connections and then
verify the currents.

Sy,

e
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I.L. 41-491E

TABLE Il

SWITCHING FOR CURRENT VERIFICATION AND IDENTIFICATION

Position of switches numbered:
Current sw. (blank indicates
) Voltage sw.
w S open sw.) . :
£3 Unit which Phase
E=Erei -
o 5 should be |[Receiving
< \' v \'% I 1 I I
z '% 1 2 3 1 2 3 L Observed | Current
@0
o i 8 9 12, 14, 18, 18,
13 15 17 19
(3¢)
Open & Closed P-d& T 3
1 |JUTP SW-l cjosed | Closed
jaw to
9 Closed Closed | ¢-¢& 3¢ 1
&
,?mensw Closed Closed | ¢-¢& 3¢ 1
2 Closed J'avf to "] Closed
) i Closed SPd&t 2
&
,iilensw Closed S-bp&t 2
3 Closed | Closed J.a‘:’) to )
! o Closed b-p&t 3
Open &
4 |Closed | Closed |'""PS%:| closed Closed| o0& 36 1
jaw to
7
Open &
5 |MUMPSWe ) vosed | Closed Closed P-d&t 2
jaw to
8
Open &
jump sw.
d & 3
6 Closed jaw to Closed Close P-p&T
9

T Block 3¢ Unit Open
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TABLE 111
VERIFICATION EXAMPLE USING ASSUMED LOADING OF FIG. 27
PHASE SWITCHING CORRECT ACTUAL CONTACT POSITION
TO BE COMBIN ATION CONTACT IF WIRING EXAMPLE WITH |
VERIFIED POSITION IS CORRECT , INCORRECT WIRING
1b C C O
1 2a C C (0]
4 O 0 C
2b C C C
2 3a C C O
5 O O C
3b C C (0]
3 la C C O
6 0 (0] O
TABLE |V

IDENTIFICATION EXAMPLE USING ASSUMED LOADING OF FIG. 27

IREF. EXAMPLE CURRENT & POL ARITY WHICH CAN
PHASE SWITCHING OF PRODUCE OBSERVED CONTACT POSITION
RECEIVING | COMBINATION | CONTACT )
CURRENT POSITION IREF. a‘IREF, alREF,
1b 0 - +
! 2a 0 T + +
4 C + -
2b C + + -
2 3a 0 - + t +
5 C - + -
3b 0 - - +
3 la 0 - + + | t
6 0 + - +

T See Fig. 28 for actual connections.
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Fig. 26 Phase diagram for Current Circuit Verification and

Identification
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% Fig. 28 Actual Wiring for the Assumed Test Results of

Table IV

% Fig. 27 Phase Diagram Showing Assumed Load Conditions
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TYPES KD AND KD-1 RELAYS

i.L. 41-49

1F

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
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 available with indicat-
ing contactor switches with either 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 a lockout relay is energized or where
a high impedance auxiliary tripping relay is utilized.

Refer to I.L. 41-911 for a description of how KD
& 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. See Figs. 17 and 18 for the external schematics
for 3 zone protection, using the TD-2 and TD-4 re-
lays, respectively. For further discussion see ‘‘BEx-
ternal Connections.”

Use fault detectors to supervise the trip circuit
for those applications where the relays can be de-
energized without attendant opening of the 52a con-
tact. Otherwise undesired tripping occurs. A S$#1878395
three unit SC Relay (2-8 amperes) in the type FT32
case or a S#288BT14A18 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 transformers (compensators), three
tapped auto-transformers, two cylinder type operating
units, and an ICS indicating contactor switch. ‘The
KD relay also contains an adjustable reactor not
used in the KD-1.

Compensator

The compensators which are designated T, Ta,
Ty, and Tq are two-winding air-gap transformers
(Figure 2). The primary, or current winding, has
seven taps which terminate at the tap block, (Fig-
ure 3). They are marked .87, 1.16, 1.6, 2.2, 3.0, 4.2
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
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 propor-
tional to the line cwrent is subtracted vectorially
from the relay terminal voltage. The second section
is connected to an adjustable loading resistor and
provides a means of adjusting the phase angle rela-
tion between primary current and the induced second-
ary voltage. The phase angle may be set for any value
pbetween 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 torque angle of 75° current
lagging volthge.

Auto-Transformer

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

The sign of M is negative when the R lead is
above the L. lead. M is positive when L is in a tap
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location which is above the tap location of the R

LAMINATED lead. The M setting is determined by the sum of per
PRIMARY CORE unit values between the R and L, lead. The actual per
SECONDARY ;‘n;; :rzh(x)esov;hl%}g a;);):agson the tap plate between

AIR GAP R

The auto-transformer makes it possible to expand

N
TSRy
~— |
N
N
N
N
N
N
)

the basic range (T = 0.87 to 5.8 ohms) by a multiplier

OfI_fﬁ' 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, TR,
and Tc with the auto-transformer taps § and M, Sp
and Ma, and Sc and Mc.

Tripping Unit

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

ANGLE /

and operates as a three-phase induction motor. Con-
tact-closing torque is produced by the unit when the
voltage applied to its terminals has 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. Compensator Construction.

CONNECTOR
SCREW

SOCKETS FOR
COMPENSATORS
TAPS

LEAD “L"

LEAD “R”

operating torque as determined by the phase sequence
of the voltages applied to its terminals.

INSERTS

3 PHASE UNIT
[~ 'SETTINGS

| PHASE-TO.PHASE
UNIT SETTINGS

Fig. 3. Tap Plate.

A
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Mechanically, the cylinder unit is composed of
four basic components: a die-cast aluminum frame,
an electromagnet, 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
locking nut. In the KD relay only, the core of the
three-phase (lower) unit is 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 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) unit 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 current 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.

The moving element assembly consists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The hub to which the moving-contact arm is
clamped has a wedge-and-cam construction, to pro-
vide low-bounce contact action. A casual inspection
of the assembly might lead one to think that the con-
tact 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
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 150
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 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 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 a spring type clamp.
The spring adjuster is located on the underside of the
bridge and is attached to the moving contact arm by a
spiral spring. The spring adjuster is also held in
place by a spring type clamp.

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

Indicating Contactor Switch Unit (1CS)

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

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

OPERATION

Each KD or KD-1relay has two major components
compensators and tripping units. In the internal
schematics of Figs. 4 & 5 the compensators are des-
ignated T, Ty, Tg and Tcy the tripping units, Z
(3¢) & Z (#@). The phase-to-phase unit Z (#@) oper-
ates for all combinations of phase-to-phase faults
(phase 1-2, 2-3 & 3-1). The 3 phase unit Z (3@) oper-
ates for 3 phase faults and for close-in t{wo-phase-to-
ground faults, although most two-phase-to-ground
faults are cleared by operation of the phase-to-phase
unit. Each of the tripping units and its associated
compensator circuit are electrically separate, and will
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K-DAR RELAY TERMINAL LOCATED AT THE SHADED BREAKER FOR 3 PHASE FAULTS OCCURING AT EACH
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Fig. 6. Voltage and Current Conditions for the Three-Phase Unit at the Shaded Breaker for Three-Phase Faults at Various

Locations.
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now be considered successively.

Three Phase Unit

A single compensator T has its primary energized
with (I1 — 3Ig) current in Fig. 17. Current 11 is the
phase 1 current; 3Ip is the residual current. There are
three compensators shown — one for each of the three
zones. One connection uses an auxiliary currenttrans-
former to insert the 3Ig component. The alternate con-
nection supplies the compensator primaries with
(I3 ~ I3). Since Ij + Ip + I3 = 3y, (I —3Ig) =
( —I2 — I3). (Currents I1, I2 and I3 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 Z. 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 induced 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 90° for illustrative purposes only. Prefault
voltages are depicted by the large triangle, The
smaller dashed triangle in each case is the system
voltages at the relay location during the fault. This
triangle is modified by the compensator voltage,
- IIZC' where Zc is the compensator mutual imped-
ance., The ferminals of the tripping unit are designat-
ed: X, Y & Z. Phase 1 tripping unit voltage is:

Vx = Vi — I1Z¢

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

For a fault at A, beyond the relay operating zone,
the compensator ﬁtage, —11Zc, modifies the phase 1
voltage, reducing the voltage triangle on the tripping
unit to X-Y-Z With an X-Y-7 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 —1 1Zc is larger. The point X is
in line with points Y & Z. No torque is produced,
since the X-Y-Z triangle has a Zero area,

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

X-Z-Y, which produces operating torque.

For a fault behind the relay at D, restraining tor-
que is produced. Since the fault is behind the relay
the current is of reversed polarity. Compensator
voltage, —I1Zc, increases the area of the bus voltage
triangle, 1-2-3. Tripping unit voltage has an X-Y-Z
rotation which produces restraining torque.

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
provides momentary operating torque under these con-
ditions, for an internal fault. In the KD-1 relay the
coil Z in the current circuit, in conjunction with the
compensator voltage, produces a current only torque,
which maintains operating torque under the condition
of zero potential.

The Ry and Cgp parallel resistor-capacitor com-
bination in the compensated phase corrects for a
shift in the phase-angle relation between the voltage
across the left hand coils of Z (30) and the voltage
across the right hand coils of Z (30), in figures 4 and
5. This phase shift is produced by capacitor C 3¢, The
Rm—C3A combination also provides control of trans-
ients in the inductive coils of the cylinder unit,

A small variable reactor X is used, in the KD re-
lay only, to compensate for variations in other com-
ponents and assists the Ry and C3p combination to
correct the phase-angle relations. The reactor has
two coils which may be connected in the factory either
in series or in parallel for stepped adjustment. A
screw type core is utilized for changing an internal
air gap to produce a continuous adjustment.

Phase-to-Phase Unit

Compensator primaries of Ta. Tg and T are
energized by Iy, 19 and I3. respectively, as shown in
Fig. 17. Nine compensators are shown, three for each
Zone. Compensator secondaries are connected to modi-
fy their respective phase voltages (e.g. TA modifies
V). With a fault in the trip direction, the induced
voltages in the compensator secondaries buck the
bhase 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

e
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Fig. 8. Impedance Circles for Phase-to-Phase Unit in the
Type KD and KD-1 Relay.

is modified by the compensator voltages, —I1ZC.
—IsZc, and —RBZC, where Zc is the compensator
mutual impedance. In this case 11 = 0, so that only
phase 2 and 3 voltages are modified. The terminals
of the tripping unit are designated; X, Y and Z.
Phase 1tripping unit voltage is:

vx =Vi -11Zc = V1
Phase 2 tripping unit voltage is:

vy = V2 — IZc

Phase 3 tripping unit voltage is:

Vg = V3 — I3ZC

For a fault at A, 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-
tion produces restraining torque.

For a fault at B, the compensator voltages are
larger, since the current is larger than it is for the
fault at A. Points Y & Z coincide and the area of the
X-Y-7 triangle is zero. No torque is produced.

For a fault in the operating zone, such as at C,
the compensation reverses the rotation to X-Z-Y.
Operating torque 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 voltages
increase the area of the 1-2-3 triangle. Tripping unit
voltage has an X-Y-Z rotation. This rotation produces
restraining torque.

Fig. 9. Impedance Curves for Type KD and KD-1 Relays.

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 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. The phase-
to-phase unit is identical in the KD & KD-1 relays.
Each of the three phase-to-phase fault combinations
subjects the cylinder unit to 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 faults,
particularly at low balance-point voltages, it is
necessary that the impedance angles of the three cir-
cuits from the relay terminals 7, 8 & 9 to the common
connection for Z (#@) and Rg be the same. (See Figs.
4 & 5.) This requirement is fulfilled by the factory
adjustment of resistors Rya and Ryc- This balance
is maintained when S tap 2 or 3 is used by virtue of
the balancing resistor Rp in the phase 2 voltage
circuit.

CHARACTERISTICS

Distance Characteristic — Phase-To-Phase Unit

This unit responds to all phase-to-phase faults
and most two-phase-to-ground faults. It does not
respond to load current, (synchronizing surges), Or
out-of-step conditions. While a characteristic circle
can be plotted for this unit on the R-X diagram as
shown in Figure 8, such a characteristic circle has
no significance except in the first quadrant where
resistance and reactance values are positive. A small
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portion of the fourth quadrant, involving 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 is involved in the fault. The phase-to-
phase unit operating on an actual 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 gives 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: Phase-to-Phase Unit

A plot of relay reach, in percent of tap block set-
ting, versus relay terminal voltage is shown in Figure
9. The unit will operate with the correct directional
sense for zero voltage phase-to-phase faults. For this
condition the fault current must be not less than0.015
relay amperes with an ohm setting of 5.8 with rated
voltage on the unfaulted phase. Pick up current is

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

The KD relay may be set without regard to possible
overreach due to d-c transients, Compensators basic-
ally are insensitive to d-c transients which attend
faults on high-angle systems. The long time-constant
of a high-angle system provides a minimum rate of
change in flux-producing transient current with re-
spect to time, and therefore induces a minimum of
uni-directional voltage in the secondary. Asymetri-
cal currents resulting from faults on low-arfgle sys-
tems having a short time constant can induce con-
siderable voltage in the secondary, but for the first
half cycle, the transient-derived voltage subtracts
from the steady-state value. This transient decays
S0 rapidly that it is insignificant during the second
half cycle when it adds to the steady-state value.

Distance Characteristic — KD, 3 Phase Unit

The three-phase unit has a characteristic circle
which passes through the origin as shown in Figure
10. 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 10)which passes
through the origin, However, since the YZ voltage
also drops to zero, the relay would be unable to
determine whether an internal or external fault 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=4 7 (8.

OFFSET=3Z, 18

R*X CHARACTERISTIC

Fig. 10. Impedance Circle for Three-Phase Unit in Type
KD Relay.
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Fig. 11. Impedance Circle for Three-Phase Unit in Type
KD-1 Relay.
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* Fig. 12. Typical Operating Time Curves of Type KD Relay. 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.

Sensitivity — KD, 3 Phase 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 fault.
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 fault or after the memory
action has subsided. With an impedance setting of

5.8 ohms the three-phase unit will directionally opera-
te for faults 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

I =——— amperes
T

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

Distance Characteristic: KD-1 3 Phase Unit

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

1
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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 a T set-
ting of 5.8 and 75 degrees to 120 percent of tap value
at 95 degrees for a 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 torque 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 compensator set-
ting is reduced, the single turn 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
unit is shown in Figure 9. This unit will operate to
close the left hand contact on current only for 3 or
more amperes relay current with T set for 5.8 and for
7.5 amperes or more with T set for .87,

General Characteristics

Impedance settings in ohms reach can be made
for any value from .75 ohms to 20 ohms in steps of 3
percent. The maximum torque 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 current, I, by
90°. This 90° relationship is approached, if the com-
pensator loading resistor (R3, Rga, Rgp or Roc) is
open-circuited. The effect of the loading resistor,
when connected, is to produce an internal drop in
the compensator, which is out-of-phase with the in-
duced voltage, IT, IT, ITg or ITo: Thus the net
voltage, V, is phase-shifted to change the compen-
sator maximum torque angle. As a result of this phase
shift the magnitude of V is reduced, as shown in Fig.
2.

Tap markings in Fig. 3 are based upon a 759 com-
pensator angle setting. If the resistors R3, Raa, Rop
and Roc 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
& ~(1xM) sin 750
TAP PLATE MARKINGS

(T, TA, Tg, and T¢)
.87 1.16 1.6 2.2 3.0 4.2 5.8

(S, SA, 8¢, RR)
1 2 3

(M, Ma, Mg)
* Values between taps .03 .06 .06

TIME CURVES AND BURDEN DATA

Operating Time

The speed of operation for the KD relay three-
phase and phase-to-phase units is shown by the time
curves in Figure 12. The curves indicate the time in
in milliseconds required for the relay to close its
contacts for tripping after the inception of a fault at
any point on a line within the relay setting.

Figure 13 and Figure 14 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-closing time for faults
within the relay setting.

Current Circuit Rating in Amperes

Tap Setting Continuous 1 Second

S=1 S=2 S=3 o
5.8 5.0 8.5 9.5 240
4.2 6.0 10. 10. 240
3.0 8.0 10. 10. 240
2.2 10. 10. 10. 240
1.6 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 and current transformers in each phase is shown
by Figure 15 and Figure 16 for the KD and KD-1 re-
lays respectively. The potential burden and burden
phase angle are based on 69 volts line-to-neutral ap-
plied to the relay terminals.

Trip Circuit Constants

0.1 ohms d.c. resistance
0.2 tap — 6.5 ohms
2 tap — 0.15 ohms

1 ampere rating:
0.2/2.0 ampere rating:

13
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SETTING CALCULATIONS

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

T, Ta, Tg and Tg

.871.16 1.6 2.2 3.0 4.2 5.8

5, Sa, Rp and S¢

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 adjustment need not
be disturbed for line angles of 650 or higher. For line
angles below 650, set for a 609 maximurh torque
angle, by adjusting R3, R2A' RZB and RZC‘ Set zone
1 reach to be 909 of the line (85% for line angles of
less than 500),

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:

2o -z SN0 09R
(sin 750y % TR,

The terms used in this formula are defined as follows:

* Zg = the desired ohmic reach of the relay in
secondary ohms.

TS

= T+ = the tap plate setting,

compensator tap value

Auto-transformer primary tap value

S m o+ N
[t}

I

Maximum torque angle setting of the relay.

Sin 6

i (0] —_—
(For a factory setting of 750 then Sin 750

1)

M = Auto-transformer secondary tap value,
(This is a Per Unit value and is determined by
by the sum of the values between the “L’’ and
the ‘““R’’ leads. The sign is positive when “L”?
is above ““R’’ and acts to Lower the Z setting.
The sign is negative when “R’’ is above ““L*
and acts to raise the Z setting).

Zpri =ohms per phase of the total line section
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0.9 =the portion of the total line for which the re-
lay is set.

Rc = current transformer ratio

R, =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
i o
of 6.9 S greater than Z where Z = Zgw

(sin @ ).
2. Select a value for T that is nearest the value
2z
S -
3. Determine the value of M that will most nearly
TS
make M =~z - 1. If -the sign is negative, then

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

For example, assume the desired reach, Zg of the
relay is 7 ohms at 60 degrees. Then Z =7 x 1.11 =
7.8 ohms,

1. The lowest tap S for 6.9 S greater than 7.8 is
S=2
Set 8, Sa . Rp, and Sc in tap 2.

2. T nearest to—2—8= 3.9 is 4.2 ohms

Set T, Tas TB and TC in tap 4.2.

3. M =%—1=1.075—1=.075(UseM=.09)
Set M, M,A and M for +.09.
4.2x2
. Th =(——2) = 7.7 oh
4. Then Z (1+.09) 7.7 ohms

Sin @ .
5. Zg=2 (m) = 6.9 relay ohms at a maximum

torque angle setting of 60 degrees which is
98.6% of the desired value.

6. Set R3, Rga, Rop and Roc for 600 maximum tor-
qQue 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 (8, Sp, and
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Sc) and secondaries (M, Ma, and Mc), and the bal-
ancing resistor RB which should 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.

Compensator (T, Tap, Tg, and T¢)

Each set of compensator taps terminate in inserts
which are grouped on a socket and form approximate-
ly three quarters of a circle around a center insert
which is the common connection for all of the taps.
Electrical connections between common insert and
tap inserts are made with a link that is held in place
with two 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-
nector screw in the center. Since the link and con-
nector screws carry operating current, be sure that
the screws are turned to bind snugly.

Avuto-Transformer Primary (S, S), and S¢)

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

An ‘‘S’’ 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 Mc)

Secondary tap connections are made through two
leads identified as I. 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 can be made are
from —.15 to +.15 in steps of .03. The value of a set-
ting is the sum of the numbers that are crossed when
going from the R lead position to the I, lead position
The sign of the ‘““M’’ value is determined by which
lead is in the higher position on the tap plate. The

18

sign is positive (+) 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” value. Neither lead connector

should make electrical contact with more than one tap

at a time.
Tabulated Settings

Znso M L Lead R Lead

0.87 TS +.15 Upper .06 0
0.89 TS +.12 Upper .06 .03

0.92 TS + .09 Lower .06 0
0.94 TS + .06 Upper .06 Lower .06

0.97 TS +.03 .03 0

TS 0 0 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 .06

Rp Settings

RB is a circuit balancing resistor for the phase-
to-phase unit. The Ry tap setting should be the same
as Sp and Sc settings.

Line Angle Adjustment

Maximum torque angle is set for 75° (current lag-
ging voltage) in the factory. This adjustment need
not be disturbed for line angles of 65° or higher. For
line angles below 659, set for a 60° maximum torque
angle by adjusting the compensator loading resistors
Rg3, Rga, Rog and Rgc. Refer to repair calibration
parte I (C) and II (B), 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 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
use a Type WL relay with a S#304C209G01 coil, or
equivalent.
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TYPES KD AND KD-1 RELAYS

STATION BUS PHASE ROTATION | 2,3

? :
! T
%/__/
STD. POTENTIAL CONN.
ZONE | ZONE 2 TZoNE 3 TD-2 TIMER ZONE | ZONE 2 ZONE 3
. 200 21 %Iz 212213 213 T Tx 20 20212 > 2l
el T, £ 2i-2 £l-c’2i-3 T 213 2l-1 gl "el-2 20:221-3 cl-3
£ 13 A2 3 Ta_ 2 13 A iz A L N T T o 123075 A
a 21 i- 21-2 2 2 r v}
x 14 7 « 6 Tart Tap o>
21.2 H =V="17% Y8
6 5. e =,= r E
o
¢4 e
S *1590616 — 54
1 15/5 ACT e N
@ . ﬁ-m
L -—
= I5A
L 52 ‘+ FOR ZONE 3 REVERSED TRIPPING DIRECTION:
I. REVERSE CONNECTIONS TO TERM'S I3 & 12,
. 158 14, 47 & 16, 19 & 18, OF KD-i RELAY
Ji
AUTO TRANS
BANK
123
290B235

* Fig. 19 A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — Autotransformer

Termination.

g STATION BUS PHASE ROTATION |,2.3 .
N hd 2>  S*1590616 31
= } +—e 3 I5/5A. ACT. L\_W_L -0
*
- N N
— STD. POTENTIAL CONN. ™10
ZONE | ZONE 2 +ZONE 3 ZONE | ZONE 2 + ZONE 3
+ N
- 211 T, 247212 T, 21-2721-3 T, 2! 211 21 “zi2 21-2>21-3 21-3
- w BTl By B 13 Al LR i A [ M -
22 21 21 21-2 2i-2 21- 2137 "1, "7, 4T
S 45 s 5a 15 Yo g 15 Ta, 3 AlT A2
2|_|’ R }ZI-I 23 7 Tel2 21-3 1 2i-3 ~ 2 2
sleln 17 WC 16 17 WC 16 17 | J— A5 4
2 2
XK sl [z %
E-z L
pd =V
S #234A240607 /
570 5/V3 T TX
52 ACT.
il TIMER
Lt q--F\L'TLTRANSF
AN t FOR ZONE 3 REVERSED TRIPPING DIRECTION:
A I, REVERSE CONRECTIONS TO TERM'S I3 & 12,
15 & t4, 17 & 16, 19 & 18 OF KD-1 RELAY
HIGH SIDE
ABC
&V_/
LINE

290B236

Fig. 20 A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — Wye-Delta Bank
Termination with Grounded Wye on Relay Side.
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290B237

Fig. 21 A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — Wye-Delta Bank

Termination with Delta on Relay Side.

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 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-
moved 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
1. 41-076.

EXTERNAL CONNECTIONS

Fig. 17 shows the connections for 3 zone pro-

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

Fig. 17 except that the TD-4 timer is used instead of
the TD-2. Fig. 18 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.

A-C connections for additional applications are
shown in Figs. 19, 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 low
side voltage and current are used to energize the re-
lays. In calculating the reach settings, the bank im-
pedance must be added to the line impedance.

For the case of a wye-delta bank (Figs. 20 and
21) the voltages and currents 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 connections of Fig. 22 when the Zg is

less than 0.75 ohms. The 2to 1or 3 to 1 auxiliary
current transformers reduce the relay current. In ef-
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}T RIPPING DIRECTION
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Fig. 22 A.C. External Schematic of Two Type KD & One KD-1

Below 0.75 Ohms.
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Fig. 23 External Schematic of Type KD-1 Relay with Type TD-2 Timing Relay for
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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 ohms.

Fig. 23 shows a KD-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#234A240G0T7 auxiliary
CT’S are not required if the TD-4 is used.

SWITCHBOARD TESTING WITH KD AND
KD-1 RELAYS

Immediately prior to placing the relays in ser-
vice, the external wiring can be checked by manip-
ulating the current and voltage applied to the relay.
If 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.

9, An electrical test to make certain that the relay
measures the balancepoint impedance accurate-

ly.

Distance Units

Check the electrical response of the relay by
using the test connections shown in Figure 24. Set
T, Ta, Tg, & T for 5.8; 85, S¢, & Rp for 1} M,
Mp, & Mg for + 0.15.

A. Use connections for Test No. 1 and adjust the
voltages Vipop 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 angle of 75 % current lag. (Set phase
shifter for 105° lag in Fig. 24)

C. Use connection for Test No. 5.

b

Adjust the voltage between PH.1 and 1F and

between PH.2 and 2F for 45 volts each so
that the resultant voltage V1F2F‘ equals 30
volts. (120-45V-45V =30V)

E. The current required to make the contacts
close for the phase-to-phase (top unit should
be between 2.95 and 3.05 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 greater than 3% of the smallest value.

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

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c 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 greater than 1.2 amperes for
the 1 ampere ICS. The current should not be greater
than the particular ICS tap setting being used for the
0.2-2.0 ampere ICS. The operation indicator target
should drop freely.

The contact gap should be approximately 0.047"
for the 0.2/2.0 ampere unit and 0.070"’ for the 1.0
ampere unit between the bridging moving contact and
the adjustable stationary contacts. The bridging 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 experience,
to insure that the relays have retained their calibra-
tion and are in proper operating condition.

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

Distance Units

CAUTION: Before making ‘‘hi-pot’’ tests, jumper all
contacts together to avoid destroying arc-suppressor
capacitors.
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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 using test 1of Fig. 24 the
phase angle meter must be set for 30 ° more than the
maximum torque angle. Note that the impedance mea-

Vi-L
sured by the 3-phase unit in test 1 is Zg =‘/3—IL

where VL-I_. is the phase-to-phase voltage and Ip, is
the phase current; similarly, in tests 5, 6 & 7 of Fig,
VL-L
24 the phase-to-phase unit measures Zg= 21—
L

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.

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 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 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
arm,

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

Autotransformer Check

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

Set S, S, and Sc on tap number 3. Set the ‘‘R*’
leads of M, M,, and Me all on 0.0 and disconnect all
the “‘L’’ leads. Adjust the woltages VIF‘ZF‘ and
V2F’3F for 90 volts. Measure the voltage from terminal
8to the #1tap of Sand Sy. It should be 30 volts. From 8
to the #2 tap of S and Sp should be 60 volts. The
voltage should read 30 volts from 8 to Sc =1 and 60
volts from 8 to S¢ = 2.

Set S, S, and Sc on 1 and adjust Vipar and
Vorgp for 100 volts. Measure the voltage drop from
terminal 8 to each of the M and the M4 taps. This
voltage should be equal to 100 (1 + the sum of values
between R and the tap being measured). Example;
100 (1 + .03 + .06) = 109 volts.

Check the taps of M in 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.

Distance Unit Calibration

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

T, Ty, Tpg, and TC set on 5.8

S, Sa. Ry, and S set on 1

“R’’ for M, Ma. and Mc set on 0.0

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

I. 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 reactor is adjusted to
make the impedance angle of its own circuit equal to
the impedance angle of the compensator secondary’s
circuit.
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1. Connect the circuits 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 and not high enough to cause saturation of
the reactor.)

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

4. The core 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 cur-
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 circuit terminals 7, 8 and 9 or 1p
2, and 3p 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
because excessive opening torque will tend to
make the relay under reach at low voltages.

3. The Reactor X adjustment should be checked
after any change in core adjustment.

C. Maximum torque angle adjustment.

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

2. Adjust .the voltages V1F2F and V2F‘3F‘ for 50
volts with Brush No. 1 and Brush No. 2 respec-

tively .

3. Adjust the current to 6 amperes and rotate the
phase shifter to find the two angles, & and 0y,
at which the bottom unit contacts just close.

The maximum torque angle & for the three-

+ 62

2
This angle should be between 73° and 76 ° for
a nominal 75° adjustment. (Phase-shifter read-
ing of 103° to 106° in Fig. 24)

phase unit then is ¢ — 30) degrees.

4., A smaller angle may be obtained by reducing

* Rg, in which case the test current should be

6 sin 75°
in 6

increased by increasing R3.

equal to amperes. The angle may be

D. Contact Adjustment.

KD Relay: With moving-contact arm against right-
hand backstop, screw the stationary contact in until
it just touches the moving contact. (Check for con-
tact 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.

KD-1 Relay: With moving contact-arm against right
hand side of bridge, screw the right-hand contact in
to just touch the moving contact and then continue
for one more complete turn. Adjust left-hand contact
as described 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
fault, Test No. 1, and set the phase shifter so that the
current lags voltage by the maximum-torque angle.
(105° in Fig. 24) Adjust the spring so that the cur-
rent required to close the left-hand contact is as fol-
lows:

10 volts

Voltages V1F2F‘ and V2F‘3F
Current to trip KD

1.27 amperes
Current to trip KD-1 = 1.3 amperes.

II. Phase-to-Phase Unit:

A. Rough Adjustment of Ry 4 and Ryc

Set Rya to slightly less than half the adjustable

range so that the adjustable band is nearer the
center than the end.

1. Using connections for test #1 of Figure 24 ad-
just brush #1 so that Vygom = Vqg = 0. Adjust
brush #2 for rated voltage across terminals 8 &
9. Adjust Ry so thatthe contact floats or has a
minimum of torque. This is a rough adjustment
for making the impedance angle of phase 1 to
be equal to impedance angle of phase 2,
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2. Using test #1 of Figure 24, adjust brush #2 so
that Vomgm = Vgg = 0. Adjust brush #1 for

rated voltage across terminals 7 & 9. Adjust
Rypc so that the contact floats or has a mini-

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

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

Therefore, the Ryp and Ry calibration should be

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

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

plished by adjusting Rp only.

1. Use the No. 2 Test switch positions and lead
connections. This connection is for checking
and adjusting the maximum torque angle of the
phase-1 compensator.

2. Adjust the voltage VlF‘2F 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, 01 and
02, at which the top unit contacts just close.
The maximum torque angle 6 for the phase-to-

1+ 6
2

phase unit then is (6 — 30) degrees.

This angle should be between 73° and 76° when re-
ceived from the factory.

% 4. The angle 0 can be changed by adjusting Roga.

In this case, the test current should be equal to

10 sin 75°

————— amperes. A lower value of resistance
sin 6

gives a smaller angle and a higher resistance

value gives a greater angle.

5. Use 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 made by varying
R2Bo

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 Roc.
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C. RM A and RMC Calibration

These components serve the same purpose in. the
phase-to-phase unit circuit as the reactor X does in
the 3-phase unit circuit. That is, Ry and Ryc are
adjusted so that their respective circuits have the
same impedance angle as the circuit of the tapped-
adjustable resistor Rg. 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 circuit Figure 24. Each value of current re-
quired to trip the top cylinder unit for each of the
three conditions should 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 Rpa or Rycg can cause the

spreadin current values toincrease to more than 10%.

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

2. Adjust the voltage between Ph.1 and 1F and
between PH.2 and 2F for 57.5 volts each using
Brush No. 1 and Brush No. 2 respectively,
to provide 5 volts between I1F and 2F
(Vipap = 120 — 57.5 — 57.5 = 5 volts).

3. Adjust the phase shifter for 6 degrees between
load current and Vpy, 1-py. 9,

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

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

6. Determine the current value 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 RyA a slight amount and reduce Ryc
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
No. 7 within * 2%.

9: If the currents are not equal +2% then use the
average value for Tests Nos. 5 and 6 deter-
mined in step 8. and repeat steps 1 through 8.
At first there may be an over-correcting or

R g
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pendulum action as one balances the RMA and
and RMC resistors. However, with a little ex-
perience the circuits can be balanced after
two or three trials.

D. Spring Restraint.

1. Use Test No. 1 connections except reverse
the voltage phase sequence by interchanging
the Brush connections so that Brush 1 is con-
nected to 3F and Brush 2 is connected to 1F.

2. Adjust the voltages Vipop and Vorsp for 3.5
volts each with Brush No. 2 and Brush No. 1
respectively. Position the moving-contact spring
adjuster so that the contact just floats and then
return the circuit connections to normal with
Brush 1 to 1F and Brush 2 to 3F.

E. Contact Adjustment

The procedure for contact adjustment for the
phase-to-phase unit is identical to that described in
section D for the 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 5 Vy 1, to 120 Vy _y. The corrected tap value is
actual relay reach at a given maximum torque angle 6

TS sin 6
(1+ M) (sin 750)
now calibrated and ready for service.

and is equal to Zg= « The relay 1s

III. Compensator Check

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

A. Set T, TA' TB’ and TC on the 5.8 tap.

% B. Disconnect the “L’" leads of sections M, My,
and M- and the brush leads of Rg, Rga, Rop,
and Rgn. (With resistor loading removed 6 =
90°).

C. Connect terminals 13 to 14, 15 to 16, 17 to 18
and pass 10 amperes a.c. current in terminal
19 and out of terminal 12.

D. Measure the compensator voltage Vq with a
high resistance voltmeter 5,000 ohm/volt as
tabulated below. Refer to Figure 1 for the
location of Rg, Rop, Rop, and Roc.

Measure V¢

From To Fixed Voltmeter Reading
Terminal | End of .
C1s1T(oRd
Ve=1 sin 750
“L"”ofM | Rg3

= 90.1 volts (8 = 900)

[ r
L’ ofMp Roa sin 0

V. =1Ty

8 Rop c sin 759

= = 900
“L”ofMg| Roc 60.1 volts (6 = 909)

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

IV. Overall Check

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

A. Three-Phase Unit

Connect the relay for a three-phase fault, Test
No. 1 of Figure 24, and set the phase shifter so that
the phase angle meter indicates 30° more than the
maximum torque angle. The current required to trip the
relay should be within the limits specified for each of
the voltages. Note that for the three-phase unit the
impedance measured by the relay is Zg - VL-L where

V3IL

VL—L is phase-to-phase fault voltage and i, is
phase current.

Volts Amperes (6 =75 )Y1f &t
Vipor
& Vopsp Imin Imax
10 - * 1.28 KD
1.3 KD-1
30 3.44 3.6 KD
3.65 KD-1
*
70 7.85 8.1 Both

+ to determine the limits of current when 6 is not
equal to 750 multiple the nominal values tabulated

i 0
above by the ratio s%n 15 .
sin 6

11 Phase angle meter set for 9 + 30°.
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B. Phase-to-Phase Unit

Using the connections for Tests Nos. 5, 6, and 7,
set the phase shifter so that the current lags voltage
by 6° The current required to trip the phase-to-phase
unit should be within the limits specified for each of
the voltages. Note that for the phase-to-phase unit
the 1lmpedance measured by the relay is Zgp = y_gi

I,
where VI_.-L is phase-to-phase fault voltage and Ip, is
phase current.

= (8]
Test Volts Amperes (6 = 750)F
No.
Virop Imin Imax
5,6 &7 5.0 0.50 |*0.54
Forboth
30.0 2.95 % 3 14 KD&KD-1,
relays
70.0 6.90 7.10

t To determine the limits of current when 6 is not
equal to 759, multiply the nominal values tabulated

i o
above by the ratio _s_m__ls_
sin 6

Indicating Contactor Switch (ICS)

Close the mainrelay contacts and pass-sufficient
d-c 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 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 touch both stationary contacts
simultaneously.

RENEWAL PARTS

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

29



TYPES KD AND KD-1 RELAYS

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 = 680 to 740 ohms
RM * 2 Inch Resistor 1000 ohms Fixed for KD
(3-1/2 inch 8500 ohm Adj. for KD-1)
(L,:)] Rg 2 Inch Resistor 600 chms Adjustable
=
E CBA 1.8 MF'D Capacitor for KD (0.6 MFD for KD-1)
&
rs C3c 0.50 MF'D Capacitor (0.6 MFD for KD-1)
B
T Compensator (Primary Taps —.87; 1.16; 1.6; 2.2; 3.0; 4.2; 5.8)
S 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(b- ) Two Element-Coils; Total d.c. Resistance = 560 to 600 ohms
RMA 3-1/2 inch Resistor 2000 to 3000 ohms adjustable
RMC
% 2 inch Resistor Fixed-adjustable Taps at 30 & 55 ohms;
= Ry adjustable 55 to 385 ohms
Ll . -
8 RZA, Rop; Roc 2 inch Resistor 600 ohms Adjustable
% Coa» Coc 1.6 MFD Capacitors
=
& Ta Tg Te Compensators Same As T
SA, SC Same As S
M_A' Mc Same As M
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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.

Potential Circuit Check

Close the three relay potential switches numbered
7,8,and 9, (Figure 17). The connection for the proper
phase sequence will be indicated by a strong contact-
opening torque. Closing torque will indicate reverse-
phase sequence.

Current Verification

To verify the proper current connections use the
following procedure:

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

2. Plot watts and vars on the diagram in Fig.
26. Draw a line at the load angle determined

by this plot. Designate this line as IRpp.
See Fig. 27 for example.

3. Set T = 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 contact position
for each combination. (Actually 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
too 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 tests, these
should be ignored.)

5. Verify the currents using the procedure il-
lustrated in Table III. Here the ‘‘correct con-
tact position’’ is determined by observing
whether the IRgp 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

32

currents using the following procedure.

Current ldentification

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

1. Plot alg gp and aZIREF‘ at 120° angles from
IREF" See Fig. 27 for example. These currents
are related to the phase currents as shown in
the following table:

Phase

Receiving

Current IRgF  a2lRgF  alREF
1 Ipgi IpH2 IPH3
2 Ipg2 IpH3 IpH1
3 Ipyg3 Ipu1 Ipy2

2. Prepare a table similar to Table IV using
Fig. 27. For example, for test 1b the con-
tacts were open. Such a result would occur if
IRgr of the wrong polarity is actually flow-
ing in the phase 1 circuits of the relay. This
conclusion is drawn by noting that Iggp in
Fig. 27 intersects the solid part of the test
Ib circle. This says that if HIggp is flowing
the contacts would close. Since the contacts
actually open, then ~Igpp could be flowing.
Similarly, for test 1b, —a2lgpp could be
flowing, since the a2lgpp line also inter-
sects the solid part of the test 1b circle.

By the process of elimination for each set of
3 tests, the actual current is identified. For
example, in Table IV, phase 1 receives
—Ipygi1, whereas +Ipyg1 should be flowing.
In phase 2, +Ipyg is flowing as shown in
Fig. 28. To extract this bit of information
from Table IV, use the above table relating
the phase currents to Iygp, aZIREF and

alpEF.

Note in Table IV that alggp is flowing in
the phase 2 circuits of the relay. The above
table shows for this set of 3 tests that
a2lRgp = Ipys.

3. Correct the external connections and then
verify the currents.
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TABLE ||

SWITCHING FOR CURRENT VERIFICATION AND IDENTIFICATION

Position of switches numbered:
B Voltage sw. Current sw. (blank indicates
w O open sw.)
8% Unit which Phase
= o cos
o 5 should be |Receiving
oS A\ A\ vV I I I I
2 % 1 2 3 1 2 3 1 Observed | Current
7
© 7 8 9 12, 14, 16, 18,
13 15 17 19
(3¢)
Open & a Closed P-d&t 3
1 U SWel closed | Closed
jaw to
9 b| Closed Closed | ¢-¢p& 3¢ 1
&
i‘r’nensw a| Closed Closed | ¢-d& 3¢ 1
2 Closed J'avfto "{ Closed
! i b Closed bp&t 2
&
,ﬁmsw a Closed S-P& T 2
3 Closed | Closed J‘avfr)to )
. o b Closed F-d&t 3
Open &
4 |Closed |Closed |'"™P 5%l closed Closed| ¢-¢& 3¢ 1
jaw to
T
Open &
5 J'ump SW! Closed | Closed Closed P>-Pp&t 2
jaw to
8
Open &
jump sw.
C d & 3
6 Closed jaw to Closed lose P-d &t
9

t Block 3¢ Unit Open
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TABLE 111
VERIFICATION EXAMPLE USING ASSUMED LOADING OF FIG. 27
PHASE SWITCHING CORRECT ACTUAL CONTACT POSITION
TO BE COMBIN ATION CONTACT IF WIRING EXAMPLE WITH |
VERIFIED POSITION IS CORRECT . INCORRECT WIRING
1b C C O
1 2a C C (e}
4 O O C
2b C C C
2 3a C C O
5 O O C
3b C C O
3 la C C O
6 (0] (¢} 0
*
TABLE |V

IDENTIFICATION EXAMPLE USING ASSUMED LOADING OF FIG. 27

IREF. EXAMPLE CURRENT & POL ARITY WHICH CAN
PHASE SWITCHING OF PRODUCE OBSERVED CONTACT POSITION
RECEIVING | COMBINATION | CONTACT 5
CURRENT POSITION IREF. a“IREF, alREF.
1b 0 - +
1 2a 0 i + +
4 C + -
2b c + + -
2 3a 0 - + 0t +
5 C - + -
3b 0 - - +
3 la o - + + T
6 o + - +

T See Fig. 28 for actual connections.
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PHASE DIAGRAM FOR CIRCUIT VERIFICATION WITH K-DAR RELAYS
Fig. 26 Phase diagram for Current Circuit Verification and Fig. 27 Phase Diagram Showing Assumed Load Conditions
Identification for an Example
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Fig. 28 Actual Wiring for the Assumed Test Results of
Table IV
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TYPES KD AND KD-1 RELAYS

I.L. 41-491G

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
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 available with indicat-
ing contactor switches with either 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 a lockout relay is energized or where
a high impedance auxiliary tripping relay is utilized.

Refer to I.L.. 41-911 for a description of how KD
& 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. See 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 circuit
for those applications where the relays can be de-
energized without attendant opening of the 52a con-
tact. Otherwise undesired tripping occurs. A $#1878395
three unit SC Relay (2-8 amperes) in the type FT32
case or a S#288BT14A18 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 transformers (compensators), three
tapped auto-transformers, two cylinder type operating
units, and an ICS indicating contactor switch. The
KD relay also contains an adjustable reactor not
used in the KD-1.

Compensator

The compensators which are designated T, T,
Tp, and T are two-winding air-gap transformers
(Figure 2). The primary, or current winding, has
seven taps which terminate at the tap block, (Fig-
ure 3). They are marked .87, 1.16, 1.6, 2.2, 3.0, 4.2,
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
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 propor-
tional to the line current is subtracted vectorially
from the relay terminal voltage. The second section
is connected to an adjustable loading resistor and
provides a means of adjusting the phase angle rela-
tion between primary current and the induced second-
ary voltage. The phase 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 torque angle of 75° current
lagging volthge.

Auto-Tronsformer

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

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

The auto-transformer makes it possible to expand
the basic range (T = 0.87 to 5.8 ohms) by a multiplier
of—%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, Tp, Tg,
and Tc with the auto-transformer taps S and M, SA
and Ma, and Sc 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 three-phase induction motor. Con-
tact-closing torque is produced by the unit when the
voltage applied to its terminals has a negative-phase
sequence. Closing torque for the relay forces the
moving contact to the left hand side as viewed from
the front of the relay. Contact-opening torque is
produced when positive-phase sequence voltages are
applied. Hence, the cylinder unit has restraint or
operating torque as determined by the phase sequence
of the voltages applied to its terminals,
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Fig. 3. Tap Plate.
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Mechanically, the cylinder unit is composed of
four basic components: a die-cast aluminum frame,
an electromagnet, 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
locking nut. In the KD relay only, the core of the
three-phase (lower) unit is 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 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) unit 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 current 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.

The moving element assembly consists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The hub to which the moving-contact arm is
clamped has a wedge-and-cam construction, to pro-
vide low-bounce contact action. A casual inspection
of the assembly might lead one to think that the con-
tact 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
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 150
to 200,

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 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 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 a spring type clamp.
The spring adjuster is located on the underside of the
bridge and is attached to the moving contact arm by a
spiral spring. The spring adjuster is also held in
place by a spring type clamp.

When the contacts close, the electrical connec-
tion is made through the stationary contact housing
clamp, to the moving contact, through the spiral
spring and 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 the leaf-spring mounted contacts are attach-
ed, is attracted to the magnetic core upon energiza-
tion of the switch. When the switch closes, the moving
contacts bridge two stationary contacts, completing
the trip circuit. Also during this operation two fingers
on the armature deflect a spring located on the front
of the switch, which allows the operation indicator
target to drop. The target is reset from outside of the
case by a push rod located at the bottom of the cover.

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

OPERATION

Each KD or KD-1relay has two major components
compensators and tripping units. In the internal
schematics of Figs. 4 & 5 the compensators are des-
ignated T, Tp, Tg and T the tripping units, Z
(3¢) & Z (##). The phase-to-phase unit Z (gg) oper-
ates for all combinations of phase-to-phase faults
(phase 1-2, 2-3 & 3-1). The 3 phase unit Z (38) oper-
ates for 3 phase faults and for close-in two-phase-to-
ground faults, although most two-phase-to-ground
faults are cleared by operation of the phase-to-phase
unit. Each of the tripping units and its associated
compensator circuit are electrically separate, and will
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now be considered successively.

Three Phase Unit

A single compensator T has its primary energized
with (Ij — 3Ipg) current in Fig. 17. Current I is the
phase 1 current; 3Ig is the residual current. There are
three compensators shown — one for each of the three
zones. One connection uses an auxiliary current trans-
former to insert the 3Ig component. The alternate con-
nection supplies the compensator primaries with
(-Ig — I3). Since Iy + Iy + I3 = 3Ig, (I} —3Ip) =
( —Ig —I3). (Currents Iy, I2 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 Z. 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 induced 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 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 Gu.ing the fault. This
triangle is modified by the compensator voltage,
— IIZC' where ZC is the compensator mutual imped-
ance. The terminals of the tripping unit are designat-
ed: X, Y & Z. Phase 1 tripping unit voltage is:

Vx = V1 — I1Z¢

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

For a fault at A, beyond the relay operating zone,
the compensator \Htage, ~I11Z¢, modifies the phase 1
voltage, reducing the voltage triangle on the tripping
unit to X-Y-Z With an X-Y-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 Y & Z. No torque is produced,
since the X-Y-Z triangle has a zero area.

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

X-Z-Y, which produces operating torque.

For a fault behind the relay at D, restraining tor-
que is produced. Since the fault is behind the relay
the current is of reversed polarity. Compensator
voltage, —I11Z¢, increases the area of the bus voltage
triangle, 1-2-3. Tripping unit voltage has an X-Y-Z
rotation which produces restraining torque.

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
provides momentary operating torque under these con-
ditions, for an internal fault. In the KD-1 relay the
coil Z in the current circuit, in conjunction with the
compensator voltage, produces a current only torque,
which maintains operating torque under the condition
of zero potential.

The Ry and Cap series resistor-capacitor com-
bination in the compensated phase corrects for a
shift in the phase-angle relation between the voltage
across the left hand coils of Z (3@) and the voltage
across the right hand coils of Z (3@), in figures 4 and
5. This phase shift is produced by capacitor C 3¢, The
Rp—C3A combination also provides control of trans-
ients in the inductive coils of the cylinder unit.

A small variable reactor X is used, in the KD 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 may be connected inthe factory either
in series or in parallel for stepped adjustment. A
screw type core is utilized for changing an internal
air gap to produce a continuous adjustment.

Phase-to-Phase Unit

Compensator primaries of T, Tg and T are
energized by I1, I2 and I3, respectively, as shown in
Fig. 17. Nine compensators are shown, three for each
zone. Compensator secondaries are connected to modi-
fy their respective phase voltages (e.g. T A modifies
Vy. With a fault 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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is modified by the compensator voltages, —I1Zc,
—IpZc, and —I3Zc, where Zc is the compensator
mutual impedance. In this case I1 = 0, so that only
phase 2 and 3 voltages are modified. The terminals
of the tripping unit are designated; X, Y and Z.
Phase 1tripping unit voltage is:

VX =Vi —I1Z¢c = V;
Phase 2 tripping unit voltage is:

Vy = Vo — I2Z¢

Phase 3 tripping unit voltage is:

Vy, = V3 — 13Z2¢C

For a fault at A, 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-
tion produces restraining torque.

For a fault ati the compensator voltages are
larger, since the current is larger than it is for the
fault at A. Points Y & Z coincide 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 compensation reverses the rotation to X-Z-Y.
Operating torque 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 voltages
increase the area of the 1-2-3 triangle. Tripping unit
voltage has an X-Y-Z rotation. This rotation produces
restraining torque.

Ry
Q
)

. Impedance Curves for Type KD and KD-1 Relays.

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 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. The phase-
to-phase unit is identical in the KD & KD-1 relays.
Each of the three phase-to-phase fault combinations
subjects the cylinder unit to 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 faults,
particularly at low balance-point voltages, it is
necessary that the impedance angles of the three cir-
cuits from the relay terminals 7, 8 & 9 to the common
connection for Z (#@) and Rpg be the same. (See Figs.
4 & 5.) This requirement is fulfilled by the factory
adjustment of resistors RMA and Ry This balance
is maintained when S tap 2 or 3 is used by virtue of
the balancing resistor Rg in the phase 2 voltage
circuit.

CHARACTERISTICS

Distance Characteristic - Phase-To-Phase Unit

This unit responds to all phase-to-phase faults
and most two-phase-to-ground faults. It does not
respond to load current, (synchronizing surges), or
out-of-step conditions. While a characteristic circle
can be plotted for this unit on the R-X diagram as
shown in Figure 8, such a characteristic circle has
no significance except in the first quadrant where
resistance and reactance values are positive. A small
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portion of the fourth quadrant, involving 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 is involved in the fault. The phase-to-
phase unit operating on an actual 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 gives 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: Phase-to-Phase Unit

A plot of relay reach, in percent of tap block set-
ting, versus relay terminal voltage is shown in Figure
9, The unit will operate with the correct directional
sense for zero voltage phase-to-phase faults. For this
condition the fault current must be not less than0.015
relay amperes with an ohm setting of 5.8 with rated
voltage on the unfaulted phase. Pick up current is

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

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

Distance Characteristic — KD, 3 Phase Unit

The three-phase unit has a characteristic circle
which passes through the origin as shown in Figure
10. 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 10)which passes
through the origin. However, since the YZ voltage
also drops to zero, the relay would be unable to
determine whether an internal or external fault 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=37, 12

R-X CHARACTERISTIC

ACTUAL
REACH
5.8 OHMS
—TAP

SETTING

ACTUAL
REACH
.87 OHMS
—TAP
SETTING

185A346

Fig. 10. Impedance Circle for Three-Phase Unit in Type
KD Relay.
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Fig. 11. Impedance Circle for Three-Phase Unit in Type
KD-1 Relay.
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Fig. 12, Typical Operating Time Curves of Type KD Relay. 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.

Sensitivity — KD, 3 Phase 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 fault.
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 fault or after the memory
action has subsided. With an impedance setting of

5.8 ohms the three-phase unit will directionally opera-
te for faults 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

=——— amperes
T

I

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

Distance Characteristic: KD-1 3 Phase Unit

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

1
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TYPICAL OPERATING TIME CURVES - KD-1 RELAY PHASE-TO-PHASE UNIT
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Fig. 13. Typical Operating Time Curves of Type KD-1 Relay Phase-to-Phase Unit. Normal voltage before the fault is 120

volts.

TYPICAL OPERATING TIME CURVES KD-1 RELAY 3-PHASE UNIT
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Fig. 14. Typical Operating Time Curves of Type KD-1 Relay Three-Phase Unit. Normal voltage before the fault is 120
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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 a T set-
ting of 5.8 and 75 degrees to 120 percent of tap value
at 95 degrees for a T setting of .87. Figure 11 com-
pares the KD and KD-1 reach for identical settings.
The KDcircles 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 torque 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 compensator set-
ting is reduced, the single turn 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
unit is shown in Figure 9. This unit will operate to
close the left hand contact on current only for 3 or
more amperes relay current with T set for 5.8 and for
7.5 amperes or more with T set for .87,

General Characteristics

Impedance settings in ohms reach can be made
for any value from .75 ohms to 20 ohms in steps of 3
percent. The maximum torque 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 current, I, by
90°. This 90° relationship is approached, if the com-

pensator loading resistor (Rg, Rya, Rop oOr Rog) is
open-circuited. The effect of the loading resistor,

when connected, is to produce an internal drop in
the compensator, which is out-of-phase with the in-
duced voltage, IT, ITA, ITg or ITe: Thus the net
voltage, V, is phase-shifted to change the compen-
sator maximum torque angle., As a result of this phase
shift the magnitude of V is reduced, as shown in Fig.
2

Tap markings in Fig. 3 are based upon a 750 com-
pensator angle setting. If the resistors R3, Rga, Rop
and Roc 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:
__TSsin g
" (1£M) sin 75°
TAP PLATE MARKINGS

(T, TA, TR, and T¢)
.87 1.16 1.6 2.2 3.0 4.2 5.8

(S, SA. 8¢, RR)
1 2 3

(M, Ma, M)
* Values between taps .03 .06 .06

TIME CURVES AND BURDEN DATA

Operating Time

The speed of operation for the KD relay three-
phase and phase-to-phase units is shown by the time
curves in Figure 12, The curves indicate the time in
in milliseconds required for the relay to close its
contacts for tripping after the inception of a fault at
any point on a line within the relay setting,

Figure 13 and Figure 14 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-closing time for faults
within the relay setting.

Current Circuit Rating in Amperes

Tap Setting Continuous 1 Second
S=1 S=2 S=3
5.8 50 8.5 9.5 240
4.2 6.0 10. 10. 240
3.0 8.0 10. 10. 240
2.2 10. 10. 10. 240
1.6 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 and current transformers in each phase is shown
by Figure 15 and Figure 16 for the KD and KD-1 re-
lays respectively. The potential burden and burden
phase angle are based on 69 volts line-to-neutral ap-
plied to the relay terminals.

Trip Circuit Constants

0.1 ohms d.c. resistance
0.2 tap ~ 6.5 ohms
2 tap — 0.15 ohms

1 ampere rating:
0.2/2.0 ampere rating:

13
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SETTING CALCULATIONS

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

T, Ta, Tg and T¢

.871.16 1.6 2.23.0 4.2 5.8

S, Sa, Rp and S¢

1 2 3
M, M‘A' Mc
.03 .06 .06

(Values between taps)

Maximum torque angle is set for 759 (current lag-
ging voltage) in the factory. This adjustment need not
be disturbed for line angles of 650 or higher. For line
angles below 650, set for a 600 maximurm torque
angle, by adjusting R3, RZA' RzB and RZC' Set zone
1 reach to be 90% of the line (85% for line angles of
less than 500).

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 R
70 = Z if——l— = Zpri ¢
(Sin 759) Ry

The terms used in this formula are defined as follows:

Zg = the desired ohmic reach of the relay in
secondary ohms.
TS
T1xM
compensator tap value

= the tap plate setting.

It

Auto-transformer primary tap value

> mn 4 N
i

Maximum torque angle setting of the relay.

Sin 6
i 0 —_— =1
(For a factory setting of 75 then Sin 750 1.)

I

M = Auto-transformer secondary tap value.
(This is a Per Unit value and is determined by
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 “nL”
and acts to raise the Z setting).

Zpri =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

R. =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
(sin 759)

of 6.9 S greater than Z where Z = ZO(ST_G_)_

9. Select a value for T that is nearest the value

Zz
S -
3. Determine the value of M that will most nearly
TS
make M ==z - 1. If the sign is negative, then

the M taps are connected with thie R lead above
the L lead to Raise the setting.

For example, assume the desired reach, Zg of the
relay is 7 ohms at 60 degrees. Then Z =7 x 1.11 =
7.8 ohms.

1. The lowest tap S for 6.9 S greater than 7.8 is
S=2
Set S, Sp , Ry, and Sc in tap 2.

2. T nearest to%§—= 3.9 is 4.2 ohms

Set T, Tp, Ty and T in tap 4.2.

&hd:%%—1=Lm5—1=ﬂ%ﬂmeM=ﬂw
Set M, Ma and M for + .09.
4.2 x 2
. =(2£2%y =1.70h
4, Then Z (1+.09) 7.7 ohms
5 Zg=2Z (Sin 0 = 6.9 relay ohms at a maximum
+ Zo= 2 gy s0) = OY TEW

torque angle setting of 60 degrees which is
98.6% of the desired value.

6. Set R3, Roa, Rop and Roc 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 4, T, and T¢), each
of the three auto-transformers, primaries (S, Sa, and
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TYPES KD AND KD-1 RELAYS

S¢) and secondaries (M, Mj, and M¢), and the bal-
ancing resistor R which should 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.

Compensator (T, Ty, Tg, and T¢)

Each set of compensator taps terminate in inserts
which are grouped on a socket and form approximate-
ly three quarters of a circle around a center insert
which is the common connection for all of the taps.
Electrical connections between common insert and
tap inserts are made with a link that is held in place
with two 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-
nector 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-Transformer Primary (S, 54, and S¢)

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

An “‘S’’ 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 Mc)

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 can be made are
from —.15 to +.15 in steps of .03. The value of a set-
ting 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

18

sign is positive (+) 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’ value. Neither lead connector

should make electrical contact with more than one tap

at a time.
Tabulated Settings
2750 M L Lead R Lead
0.87 TS + .15 Upper .06 0
0.89 TS +.12 Upper .06 .03
0.92 TS + .09 Lower .06 0
0.94 TS + .06 Upper .06 Lower .06
0.97 TS + .03 .03 0
TS 0 0 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 .06
Rp Settings

RpB is a circuit balancing resistor for the phase-
to-phase unit. The Ry tap setting should he the same
as Sp and S¢ settings.

Line Angle Adjustment

Maximum torque angle is set for 750 (current lag-
ging voltage) in the factory. This adjustment need
not be disturbed for line angles of 65° or higher. For
line angles below 65°, set for a 60° maximum torque
angle by adjusting the compensator loading resistors
R3 Raoa, Rop and Roc. Refer to repair calibration
parts I (C) and II (B), when a change in maximum
torque angle is desired.

Indicating Contactor Switch (1CS)

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 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 onit in a tap 2 and
use a Type WL relay with a S#304C209G01 coil, or
equivalent.
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Fig. 19 A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — Autotransformer
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Fig. 20 A.C. External Schematic of Two Tyf;é KD & One KD-

Termination with Grounded Wye on Relay Side.
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Fig. 21 A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — Wye-Delta Bank

Termination with Delta on Relay Side.

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 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-
moved 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
1L, 41-076.

EXTERNAL CONNECTIONS

Fig. 17 shows the connections for 3 zone pro-
tection utilizing the TD-2 timer. Fig. 18 is similar to

Fig. 17 except that the TD-4 timer is used instead of
the TD-2. Fig. 18 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.

A-C connections for additional applications are
shown in Figs. 19, 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 low
side voltage and current are used to energize the re-
lays. In calculating the reach settings, the bank im-
pedance must be added to the line impedance.

For the case of a wye-delta bank (Figs. 20 and
21) the voltages and currents 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 connections of Fig. 22 when the Zpis

less than 0.75 ohms. The 2 to 1 or 3 to 1 auxiliary
current transformers reduce the relay current. In ef-
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Fig. 22 A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — for Ohmic Settings
Below 0.75 Ohms.
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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 ohms.

Fig. 23 shows a KD-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
CT’S are not required if the TD-4 is used.

SWITCHBOARD TESTING WITH KD AND
KD-1 RELAYS

Immediately prior to placing the relays in ser-
vice, the external wiring can be checked by manip-
ulating the current and voltage applied to the relay.
If 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 relay
measures the balancepoint impedance accurate-

ly.

Distance Units

Check the electrical response of the relay by
using the test connections shown in Figure 24. Set
T, Tp Tp & T for 5.8, S, Sy, So, & Ry for 1
M,M , &M for +0.15

A. Use connections for Test No. 1 and adjust the
voltages Vipop and Vopsgp 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 angle of 75 ° current lag. (Set phase
shifter for 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 VlF‘zF equals 30
volts. (120-45V-45V =30V)

E. The current required to make the contacts
close for the phase-to-phase (top unit should
be between 2.95 and 3.05 amperes at an angle
of 750 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 greater than 3% of the smallest value.

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

Indicating Contactor Switch (ICS)

Closethe main relay contacts and pass sufficient
d-c 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 greater than 1.2 amperes for
the 1 ampere ICS. The current should not be greater
than the particular ICS tap setting being used for the
0.2-2.0 ampere ICS. The operation indicator target
should drop freely.

The contact gap should be approximately 0.047
for the 0.2/2.0 ampere unit and 0.070’" for the 1.0
ampere unit between the bridging moving contact and
the adjustable stationary contacts. The bridging 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 experience,
to insure that the relays have retained their calibra-
tien and are in proper operating condition.

All contacts should be cleaned periodically. A
contact burmnisher #182A836HO01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Distance Units

CAUTION: Before making ‘‘hi-pot’’ tests, jumper all
contacts together to avoid destroying arc-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 using test 1of Fig. 24 the
phase angle meter must be set for 30° more than the
maximum torque angle. Note that the impedance mea-

ViL-L
sured by the 3-phase unit in test 1 is Zg =/§IL

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

Indicating Contactor 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 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.

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 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 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
arm.

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

Autotransformer Check

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

Set S, Sa, and Sc on tap number 3. Set the “R’’
leads of M, My, and M all on 0.0 and disconnect all
the “L’’ leads. Adjust the voltages Vipom and
V2F3F‘ for 90 volts. Measure the voltage from terminal
8 to the #1 tap of Sand Su. It should be 30 volts. From 8
to the #2 tap of S and Sp should be 60 volts. The
voltage should read 30 volts from 8 to S¢ = 1 and 60
volts from 8 to Sg = 2.

Set S, Sp, and So on 1 and adjust Vipop and
Vopsp for 100 volts. Measure the voltage drop from
terminal 8 to each of the M and the M, taps. This
voltage should be equal to 100 (1 + the sum of values
between R and the tap being measured). Example:
100 (1 + .03 + .06) = 109 volts.

Check the taps of M in 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.

Distance Unit Calibration

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

T, Tp: Ty and T set on 5.8

S, Sa, Rp, and S¢ set on 1

“R’ for M, My, and Mg set on 0.0

“L” for M, My, and Mg 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 reactor is adjusted to
make the impedance angle of its own circuit equal to
the impedance angle of the compensator secondary’s
circuit.

P
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1. Connect the circuits 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 and not high enough to cause saturation of
the reactor.)

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

4. The core 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 cur-
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 circuit terminals 7, 8 and 9 or g
2, and 3p 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
because excessive opening torque will tend to
make the relay under reach at low voltages.

3. The Reactor X adjustment should be checked
after any change in core adjustment.

C. Maximum torque angle adjustment.

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

2. Adjust the voltages V1 F and V2F‘3F‘ for 50
volts with Brush No. 1 and Brush No. 2 respec-
tively .

3. Adjust the current to 6 amperes and rotate the
phase shifter to find the two angles, 61 and 6’2,
at which the bottom unit contacts just close.

The maximum torque angle & for the three-

+ 492

2
This angle should be between 73° and 76° for
a nominal 75 ° adjustment. (Phase-shifter read-
ing of 103° to 106 ° in Fig. 24)

phase unit then is ( — 30) degrees.

4. A smaller angle may be obtained by reducing
Rg3, in which case the test current should be

6 sin 75°
in 9

increased by increasing R3.

equal to amperes. The angle may be

D. Contact Adjustment.

KD Relay: With moving-contact arm against right-
hand backstop, screw the stationary contact in until
it just touches the moving contact. (Check for con-
tact 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.

KD-1 Relay: With moving contact-arm against right
hand side of bridge, screw the right-hand contact in
to just touch the moving contact and then continue
for one more complete turn. Adjust left-hand contact
as described 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
fault, Test No. 1, and set the phase shifter so that the
current lags voltage by the maximum-torque angle.
(105° in Fig. 24) Adjust the spring so that the cur-
rent required to close the left-hand contact is as fol-
lows:

Voltages VlF‘2F and V2F‘3F = 10 volts
Current to trip KD = 1.27 amperes
Current to trip KD-1 = 1.3 amperes.

II. Phase-to-Phase Unit:

A. Rough Adjustment of Rma and Ryc

Set Rya to slightly less than half the adjustable

range so that the adjustable 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 terminals 8 &
9. Adjust Rp so thatthe contact floats or has a

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

rated voltage across terminals 7 & 9. Adjust
Rpe so that the contact floats or has a mini-

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

B. Maximum torque angle adjustment. Note that a
change in the maximum torque angle adjustment may
upset the calibration of the resistors Rya and Ryc.

Therefore, the Ryja and Ry calibration should be

checked after any change in the maximum torque
angle. If there is an indication that the Ry;4 and Rmc

adjustments should be changed due to a 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
connections. This connection is for checking
and adjusting the maximum torque angle of the
phase-1 compensator.

2. Adjust the voltage Vipop and V2F‘3F 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, 6y and
09, at which the top unit contacts just close.
The maximum torque angle 6 for the phase-to-
phase unit then is (6—1-;—6—2—

This angle should be between 73° and 76° when re-

ceived from the factory.

— 30) degrees.

4. The angle O can be changed by adjusting Ropa.

In this case, the test current should be equal to

10 sin 75°

-———-S_l—n-—— amperes. A lower value of resistance

sin 6
gives a smaller angle and a higher resistance
value gives a greater angle.

5. Use 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 made 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.
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C. Rya and Rme Calibration

These components serve the same purpose in.the
phase-to-phase unit circuit as the reactor X 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 Rg. 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 circuit Figure 24. Each value of current re-
quired to trip the top cylinder unit for each of the
three conditions should 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 Ry or Ryc can cause the
spreadin current values to increase to more than 10%.

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

9. Adjust the voltage between Ph.1 and 1F and
between PH.2 and 2F for 57.5 volts each using
Brush No. 1 and Brush No. 2 respectively,
to provide 5 volts between 1F and 2F
(Vipgp = 120 — 57.5 — 57.5 = 5 volts).

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

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

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

6. Determine the current value 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 Rme is too
high.

7. Increase Rya a slight amount and reduce RMC
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

* No. 7 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 1 through 8.
At first there may be an over-correcting or
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pendulum action as one balances the RMA and
and RMC resistors. However, with a littie ex-
perience the circuits can be balanced after
two or three trials.

D. Spring Restraint.

1. Use Test No. 1 connections except reverse
the voltage phase sequence by interchanging
the Brush connections so that Brush 1 is con-
nected to 3F and Brush 2 is connected to 1F.

2. Adjust the voltages V1F2F’ and V2F3F for 3.5
volts each with Brush No. 2 and Brush No. 1
respectively. Position the moving-contact spring
adjuster so that the contact just floats and then
return the circuit connections to normal with
Brush 1 to 1F and Brush 2 to 3F.

E. Contact Adjustment

The procedure for contact adjustment for the
phase-to-phase unit is identical to that described in
section D for the three-phase unit,

The phase-to-phase unit is now calibrated and
should be accurate to within 13% of the corrected
tap value setting over the range of fault voltages
from 5 Vi1, to 120 VL-L' The corrected 'tap value is
actual relay reach at a given maximum torque angle 4

TS sin @

(T W) (sin 750) « The relay 1s
now calibrated and ready for service.

and is equal to ZG=

III. Compensator Check

Accuracy of the mutual impedance Zcof the com-
pensators is set within very close tolerances at the
factory and should not change under normal condi-
tions. The mutual impedance of the compensators can
be checked with accurate instruments by the procedure
outlined below,

A, Set T, TA, TB’ and TC on the 5.8 tap.

B. Disconnect the ““L.”’ leads of sections M, My,
and M and the brush leads of Rg, R2A’ RZB’
and Roq. (With resistor loading removed 6 =
90°).

C. Comnnect terminals 13 to 14, 15 to 16, 17 to 18
and pass 10 amperes a.c. current in terminal
19 and out of terminal 12,

D. Measure the compensator voltage V.~ with a
high resistance voltmeter 5,000 ohm/volt as
tabulated below. Refer to Figure 1 for the
location of R3, R2A’ RZB' and R2C'

Measure Vo
From To Fixed Voltmeter Reading
Terminal End of .
sin 0 T
Vo=151 T(m)

“L”0fM | Rg
=90.1 volts (6 = 900

“L”ofMa| R2a sin ¢

Ve =1T¢

—_ )
8 Rop c sin 759

= €0. —= 000
“LofMg| Rogq €0.1 volts (8 = 900)

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

IV. Overall Check

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

A. Three-Phase Unit
Connect the relay for a three-phase fault, Test
No. 1 of Figure 24, and set the phase shifter so that
the phase angle meter indicates 30° more than the
maximum torque angle. The current required to trip the
relay should be within the limits specified for each of
the voltages. Note that for the three-phase unit the

impedance measured by the relay is Zg =\>’% where
31y,

VL-L is phase-to-phase fault voltage and I, is
phase current.

Volts Amperes (=75 )1t & t
Virop
& Vop3F Imin Imax
10 — 1.28 KD
1.3 KD-1
30 3.44 3.6 KD
3.65 KD-1
70 7.85 8.1 Both

1 to determine the limits of current when € is not
equal to 759 multiple the nomina! values tabulated

; 0
above by the ratio M
sin 6

T+ Phase angle meter set for 6 + 300,
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I.L. 41-491G

B. Phase-to-Phase Unit

Using the connections for Tests Nos. 5,6, and 7,
set the phase shifter so that the current lags voltage
by 69 The current required to trip the phase-to-phase
unit should be within the limits specified for each of
the voltages. Note that for the phase-to-phase unit
the impedance measured by the relay is ZR = V;“L

I,
where VL-L is phase-to-phase fault voltage and Iy, is
phase current.

= 750
Test Volts Amperes (0 = 750)}
No.
Viror Imin Imax
5,6 &7 5.0 0.50 0.54
Forboth
30.0 2.95 3.14 KD&KD-1,
relays
T70.0 6.90 7.10

t To determine the limits of current when 6 is not
equal to 75°, multiply the nominal values tabulated

i 0
above by the ratio &
sin @

Indicating Contactor Switch (ICS)

Close the mainrelay contacts and pass-sufficient
d-c 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 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 touch both stationary contacts
simultaneously.

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable 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(39)2-3 Two Element-Coils; Total d.c. Resistance = €80 to 740 ohms
RM 2 Inch Resistor 1000 ohms Fixed for KD
(3-1/2 inch 8500 ohm Adj. for KD-1)
% Rg 2 Inch Resistor 600 ohms Adjustable
=
e C3A 1.8 MFD Capacitor for KD (0.6 MFD for KD-1)
=
&
= Csc 0.50 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)
S 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(D- ) Two Element-Coils; Total d.c. Resistance = 560 to 600 ohms
RMA 3-1/2 inch Resistor 2000 to 3000 ohms adjustable
RMC
% 92 inch Resistor Fixed-adjustable Taps at 30 & 55 ohms;
= Rp adjustable 55 to 385 ohms
o1
8 Rya Rop. Roc 2 inch Resistor 600 ohms Adjustable
% Coas Coc 1.6 MFD Capacitors
=
& Ta, Ty, Tc Compensators Same As T
SA, SC Same As S
MA, MC Same As M
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L.L. 414916

i.
PANEL LOCATION J\>
SEMI-FLUSH MTG.

PROJECTION MTG.

N

(RN

) _?\

H - —190-32 SCREW
J PANEL

T SPACEES For

Ninl

CAS

S =}
15— [+<,.16—— %
( ) T !_'['
-5
i@ -3
1
-+ Y ¢
- —ci\d' —
RIEE
SRR —
3% e i l
GE—» {

-k DIA. 4 HOLES FOR
.190-32 MTG.SCREWS

o

f——— 7

e

S
21—6 et —

4—-5%*

PANEL CUTOUT & DRILLING
FOR SEMI-FLUSH MTG.

ZDIA. 20 HOLES
OR CUT OUT

TTHIN PANELS
% I8 SCREW
(FOR THICK
I PANEL USE
I &8 5TUD)
I .190:32 SCREW
H——
i o FOR THICK P£NEL

USE.1D0-32 STUD

TERMINAL AND
MOUNTING DETAILS

TERMINAL

NOTE: ALL DIMENSIONS
IN INCHE S,

PANEL DRILLING OR ‘
LUTOUT FOR PROJECTION MTG. !
(FRONT VIEW)

57-D-T7905

Fig. 25 Outline and Drilling Plan for the Type KD and KD-1 Relays in the Type FT42 case.,
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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.

Potential Circuit Check

Close the three relay potential switches numbered
7,8,and 9, (Figure 17). The connection for the proper
phase sequence will be indicated by a strong contact-
opening torque. Closing torque will indicate reverse-
phase sequence.

Current Verification

To verify the proper current connections use the
following procedure:

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

2. Plot watts and vars on the diagram in Fig.
26. Draw a line at the load angle determined

by this plot. Designate this line as IRgp-
See Fig. 27 for example.

3, SetT = 5.8, = 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 contact position
for each combination. (Actually 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
too 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 tests, these
should be ignored.)

5. Verify the currents using the procedure il-
lustrated in Table III. Here the ‘‘correct con-
tact position’’ is determined by observing
whether the IRgp 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

32

currents using the following procedﬁre.

Current ldentification

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

1. Plot algpp and aleEF‘ at 120° angles from
IRpp- See Fig. 27 for example. These currents
are related to the phase currents as shown in
the following table:

Phase

Receiving

Current IREF a2IRER alREF
1 Ipa1 IpH2 IpH3
2 Ipy2 Ipy3 IpH1
3 Ipy3 IpH1 IpH2

2. Prepare a table similar to Table IV using
Fig. 27. For example, for test 1b the con-
tacts were open. Such a result would occur if
IREF of the wrong polarity is actually flow-
ing in the phase 1 circuits of the relay. This
conclusion is drawn by noting that IRgp in
Fig. 27 intersects the solid part of the test
1b circle. This says that if tIRgp is flowing
the contacts would close. Since the contacts
actually open, then —IRgp could be flowing.
Similarly, for test 1b, —a2lggg could be
flowing, since the aleEp line also inter-
sects the solid part of the test 1b circle.

By the process of elimination for each set of
3 tests, the actual current is identified. For
example, in Table IV, phase 1 receives
—Ipg1, whereas +Ipg1 should be flowing.
In phase 2, +Ipy3 is flowing as shown in
Fig. 28. To extract this bit of information
from Table IV, use the above table relating
the phase currents to IRgr. 22IREF and

alppp.

Note in Table IV that a2ljgp is flowing in
the phase 2 circuits of the relay. The above
table shows for this set of 3 tests that
a2lRgr - IPH3.

3. Correct the external connections and then
verify the currents,

Y e,
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TABLE 1]
SWITCHING FOR CURRENT VERIFICATION AND IDENTIFICATION
Position of switches numbered:
. Voltage sw. Current sw. (blank indicates
w O open sw.)
=245 Unit which Phase
= o -
o .5 should be |Receiving
= Q A% \% v I I I I
z g 1 2 3 1 2 3 1 Observed Current
753
© 7 8 9 12, 14, 16, 18,
13 15 17 15
(36)
Open & a Closed A-d& T 3
1 Jl_lmp SW- Closed Closed
jaw to
9 b| Closed Closed | ¢-dd& 3¢ 1
O &
i a|Closed Closed | ¢-d& 3¢ 1
2 Closed J,a“f ‘o "I Closed —
J ; b Closed
&
.if;ensw a Closed
3 Closed | Closed J'a\\?to ) ‘
. 8 b Closed S-A&T 3
Open &
4 [Closed | Closed |'9™PS™:! ~gged Closed | &-d& 36 1
jaw to
| 7
Open &
5 Jump sw. ‘ Closed | Closed Closed A& T 2
jaw to
8
L
Open &
6 |cClosed |""P 5" c1oged Closed A&t 3
jaw to
L |

T Block 3 ¢ Unit Open

tt 3 ¢ unit operation is based on the relay looking into the line. For carrier applications with
KD-1 looking in the reverse direction, the contacts should be in the opposite positions from
those listed in the table.
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TABLE 111
VERIFICATION EXAMPLE USING ASSUMED LOADING OF FIG. 27
PHASE SWITCHING CORRECT ACTUAL CONTACT POSITION
TO BE CONTACT IF WIRING EXAMPLE WITH |
COMBIN ATION
VERIFIED POSITION IS CORRECT |, INCORRECT WIRING
b C C o}
1 2a C C 0
4 0 0 C
2b C C C
2 3a C C O
5 0 0 C
3b C C o}
3 la C C 0
6 o ¢} 0
TABLE 1V
IDENTIFICATION EXAMPLE USING ASSUMED LOADING OF FIG. 27
IREF. EXAMPLE CURRENT & POL ARITY WHICH CAN
PHASE SWITCHING OF PRODUCE OBSERVED CONTACT POSITION
RECEIVING | COMBINATION | CONTACT ;
CURRENT POSITION IREF. a“IREF. alREF.
1b 0 +
1 2a O T + +
4 C + -
2b C + + -
2 3a 0 - +1 7 +
5 C - + -
3b o} - - +
3 la 0 - + +| 1
6 e} + - +

t See Fig. 28 for actual connections.
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PHASE DIAGRAM FOR CIRCUIT VERIFICATION WITH K-DAR RELAYS

Fig. 26 Phase diagram for Current Circuit Verification and

Identification

Fig. 27 Phase Diagram Showing Assumed Load Conditions

for an Example
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TYPES KD AND KD-1 RELAYS

I.L. 41-491H

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
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 available with indicat-
ing contactor switches with either 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 a lockout relay is energized or where
a high impedance auxiliary tripping relay is utilized.

Refer to I.L. 41-911 for a description of how KD
& 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. See Figs. 17 and 18 for the external schematics
for 3 zone protection, using the TD-2 and TD-4 re-
lays, respectively. For further discussion see ‘‘Ex-
ternal Connections.’’

Use fault detectors to supervise the trip circuit
for those applications where the relays can be de-
energized without attendant opening of the 52a con-
tact. Otherwise undesired tripping occurs. A S#1878395
three unit SC Relay (2-8 amperes) in the type FT32
case or a S#288BT14A18 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 transformers (compensators), three
tapped auto-transformers, two cylinder type operating
units, and an ICS indicating contactor switch. The
KD relay also contains an adjustable reactor not
used in the KD-1.

Compensator

The compensators which are designated T, Ta,
TB, and TC are two-winding air-gap transformers
(Figure 2). The primary, or current winding, has
seven taps which terminate at the tap block, (Fig-
ure 3). They are marked .87, 1.16, 1.6, 2.2, 3.0, 4.2,
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
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 propor-
tiona] to the line current is subtracted vectorially
from the relay terminal voltage. The second section
is connected to an adjustable loading resistor and
provides a means of adjusting the phase angle rela-
tion between primary current and the induced second-
ary voltage. The phase 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 torque angle of 75° current
lagging volthge.

Auto-Transformer

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

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

The auto-transformer makes it possible to expand
the basic range (T = 0.87 to 5.8 ohms) by a multiplier
of—l—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 Tc with the auto-transformer taps S and M, SA
and M, and Sc 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 three-phase induction motor. Con-
tact-closing torque is produced by the unit when the
voltage applied to its terminals has a negative-phase
sequence. Closing torque for the relay forces the
moving contact to the left hand side as viewed from
the front of the relay. Contact-opening torque is
produced when positive-phase sequence voltages are
applied. Hence, the cylinder unit has restraint or
operating torque as determined by the phase sequence
of the voltages applied to its terminals.

3 PHASE UNIT
[ SETTINGS

| PHASE-TO-PHASE
UNIT SETTINGS

Fig. 3. Tap Plate.
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Mechanically, the cylinder unit is composed of
four basic components: a die-cast aluminum frame,
an electromagnet, 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
locking nut. In the KD relay only, the core of the
three-phase (lower) unit is 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 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) unit 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 current 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.

The moving element assembly consists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The hub to which the moving-contact arm is
clamped has a wedge-and-cam construction, to pro-
vide low-bounce contact action. A casual inspection
of the assembly might lead one to think that the con-
tact 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
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 150
to 200,

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 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 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 a spring type clamp.
The spring adjuster is located on the underside of the
bridge and is attached to the moving contact arm by a
spiral spring. The spring adjuster is also held in
place by a spring type clamp.

When the contacts close, the electrical connec-
tion is made through the stationary contact housing
clamp, to the moving contact, through the spiral
spring and 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 the leaf-spring mounted contacts are attach-
ed, is attracted to the magnetic core upon energiza-
tion of the switch, When the switch closes, the moving
contacts bridge two stationary contacts, completing
the trip circuit. Also during this operation two fingers
on the armature deflect a spring located on the front
of the switch, which allows the operation indicator
target to drop. The target is reset from outside of the
case by a push rod located at the bottom of the cover.

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

OPERATION

Each KD or KD-1relay has two major components
compensators and tripping units. In the internal
schematics of Figs. 4 & 5 the compensators are des-
ignated T, Tp, T and T the tripping units, Z
(30) & Z (#@). The phase-to-phase unit Z (#@) oper-
ates for all combinations of phase-to-phase faults
(phase 1-2, 2-3 & 3-1). The 3 phase unit Z (30) oper-
ates for 3 phase faults and for close-in two-phase-to-
ground faults, although most two-phase-to-ground
faults are cleared by operation of the phase-to-phase
unit. Each of the tripping units and its associated
compensator circuit are electrically separate, and will
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NOTE: THE VOLTAGE TRIANGLES AT EACH FAULT LOCATION (A,B,CAD) REPRESENT THE VOLTAGES SEEN BY THE
K-DAR RELAY TERMINAL LOCATED AT THE SHADED BREAKER FOR 3 PHASE FAULTS OCCURING AT EACH
LOCATION (A,B,CAD)

Lorcksg

Fig. 6. Voltage and Current Conditions for the Three-Phase Unit at the Shaded Breaker for Three-Phase Faults at Various
Locations.
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(A,B,C8D).
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Fig. 7. Voltage and Current Conditions for the Phase-to-Phase Unit at the Shaded Breaker for 23 Faults at Various
Locations.
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now be considered successively.

Three Phase Unit

A single compensator T has its primary energized
with (I3 — 3Ig) current in Fig. 17. Current I is the
phase 1 current; 3Ig is the residual current. There are
three compensators shown — one for each of the three
zones. One connection uses an auxiliary current trans-
former to insert the 3Ig component. The alternate con-
nection supplies the compensator primaries with
(—Ig — I3). Since Iy + Iy + 13 = 3Ig, (I3 —3Ip) =
( —Ig —I3). (Currents Iy, I and I3 are the phase cur-
rents.) Accordingly, the alternate connection is
equivalent to the first arrangement. Note that relay
91-3, a type KD-1, also has a current winding Z. This
winding is wound on the tripping unit so that the R-X
diagram circle includes the origin, as explained
under ‘‘Characteristics.’”’

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 induced 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 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 Guring the fault. This
triangle is modified by the compensator voltage,
- Ilzc, where ZC is the compensator mutual imped-
ance. The terminals of the tripping unit are designat-
ed: X, Y & Z. Phase 1 tripping unit voltage is:

Vx = Vi — IiZc

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

For a fault at A, beyond the relay operating zone,
the compensator voltage, —11Zc, modifies the phase 1
voltage, reducing the voltage triangle on the tripping
it to X-Y-Z With an X-Y-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 —I11Z¢ is larger. The point X is
in line with points Y & Z. No torque is produced,
since the X-Y-Z triangle has a zero area.

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

X-Z-Y, which produces operating torque.

For a fault behind the relay at D, restraining tor-
que is produced. Since the fault is behind the relay
the current is of reversed polarity. Compensator
voltage, —I112Z¢, increases the area of the bus voltage
triangle, 1-2-3. Tripping unit voltage has an X-Y-Z
rotation which produces restraining torque.

A solid 3 phase fault at the relay location, tends
to compietely 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
provides momentary operating torque under these con-
ditions, for an internal fault. In the KD-1 relay the
coil Z in the current circuit, in conjunction with the
compensator voltage, produces a current only torque,
which maintains operating torque under the condition
of zero potential,

The RM and CBA series resistor-capacitor com-
bination in the compensated phase corrects for a
shift in the phase-angle relation between the voltage
across the left hand coils of Z (38) and the voltage
across the right hand coils of Z (39), in figures 4 and
5. This phase shift is produced by capacitor Cgc, The
Rm— C3A combination also provides control of trans-
ients in the inductive coils of the cylinder unit.

A small variable reactor X is used, in the KD re-
lay only, to compensate for variations in other com-
ponents and assists the Ry and C3a combination to
correct the phase-angle relations. The reactor has
two coils which may be connected inthe factory either
in series or in parallel for stepped adjustment. A
screw type core is utilized for changing an internal
air gap to produce a continuous adjustment.

Phase-to-Phase Unit

Compensator primaries of Tp, Ty and Tq are
energized by 11, I and I3, respectively, as shown in
Fig. 17. Nine compensators are shown, three for each
zone. Compensator secondaries are connected to modi-
fy their respective phase voltages (e.g. T A modifies
V- With a fault 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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Fig. 8. Impedance Circles for Phase-to-Phase Unit in the
Type KD and KD-1 Relay.

is modified by the compensator voltages, —I112¢,
—IgZc, and —I3Zc, where Zc is the compensator
mutual impedance. In this case I1 = 0, so that only
phase 2 and 3 voltages are modified. The terminals
of the tripping unit are designated; X, Y and Z.
Phase 1tripping unit voltage is:

Vx =V] - I[1Z¢c = V1
Phase 2 tripping unit voltage is:

Vy = Vo — I2Z¢

Phase 3 tripping unit voltage is:

Vz = V3 — I3ZC

For a fault at A, 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-
tion produces restraining torque.

For a fault ati the compensator voltages are
larger, since the current is larger than it is for the
fault at A. Points Y & Z coincide and the ared of the
X-Y-Z triangle is zero. No torque is produced.

For a fault in the operating zone, such as at C,
the compensation reverses the rotation to X-Z-Y.
Operating torque 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 voltages
increase the area of the 1-2-3 triangle. Tripping unit
voltage has an X-Y-Z rotation. This rotation produces
restraining torque.

J
Q
)

. Impedance Curves for Type KD and KD-1 Relays.

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 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. The phase-
to-phase unit is identical in the KD & KD-1 relays.
Each of the three phase-to-phase fault combinations
subjects the cylinder unit to 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 faults,
particularly at low balance-point voltages, it is
necessary that the impedance angles of the three cir
cuits from the relay terminals 7, 8 & 9 to the common
connection for Z (@@) and Ry be the same. (See Figs.
4 & 5.) This requirement is fulfilled by the factory
adjustment of resistors RMA and Ry This balance
is maintained when S tap 2 or 3 is used by virtue of
the balancing resistor Ry in the phase 2 voltage
circuit.

CHARACTERISTICS

Distance Characteristic — Phase-To-Phase Unit

This unit responds to all phase-to-phase faults
and most two-phase-to-ground faults. It does not
respond to load current, (synchronizing surges), or
out-of-step conditions. While a characteristic circle
can be plotted for this unit on the R-X diagram as
shown in Figure 8, such a characteristic circle has
no significance except in the first quadrant where
resistance and reactance values are positive. A small
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portion of the fourth quadrant, involving 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 is involved in the fault. The phase-to-
phase unit operating on an actual 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 gives 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: Phase-to-Phase Unit

A plot of relay reach, in percent of tap block set-
ting, versus relay terminal voltage is shown in Figure
9. The unit will operate with the correct directional
sense for zero voltage phase-to-phase faults. For this
condition the fault current must be not less than0.015
relay amperes with an ohm setting of 5.8 with rated
voltage on the unfaulted phase. Pick up current is

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

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

Distance Characteristic — KD, 3 Phase Unit

The three-phase unit has a characteristic circle
which passes through the origin as shown in Figure
10. 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 10)which passes
through the origin. However, since the YZ voltage
also drops to zero, the relay would be unable to
determine whether an internal or external fault 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 |8

OFFSET=37 &

R=X CHARACTERISTIC

ACTUAL
REACH
5.8 OHMS

TAP
SETTING

AGTUAL
REAGH
.87 OHMS

— TAP
SETTING

1854346

Fig. 10. Impedance Circle for Three-Phase Unit in Type
KD Relay.

10

Fig. 11. Impedance Circle for Three-Phase Unit in Type
KD-1 Relay.
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Fig. 12. Typical Operating Time Curves of Type KD Relay.

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

Sensitivity — KD, 3 Phase 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 fault.
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 fault or after the memory
action has subsided. With an impedance setting of

Normal voltage before the fault is 120 volts.

5.8 ohms the three-phase unit will directionally opera-
te for faults 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
I =——— amperes
T

The KD relay may be set without regard to pos-
sible overreach due to d-c transients,

Distance Characteristic: KD-1 3 Phase Unit

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

n
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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 a T set-
ting of 5.8 and 75 degrees to 120 percent of tap value
at 95 degrees for a 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 torque 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 compensator set-
ting is reduced, the single turn 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
unit is shown in Figure 9. This unit will operate to
close the left hand contact on current only for 3 or
more amperes relay current with T set for 5.8 and for
7.5 amperes or more with T set for .87.

General Characteristics

Impedance settings in ohms reach can be made
for any value from .75 ohms to 20 ohms in steps of 3
percent. The maximum torque 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 current, I, by
90°. This 90° relationship is approached, if the com-

pensator loading resistor (Rg, Roa, Rop or Ry is
open-circuited. The effect of the loading resistor,

when connected, is to produce an internal drop in
the compensator, which is out-of-phase with the in-
duced voltage, IT, ITp, ITg or ITc: Thus the net
voltage, V, is phase-shifted to change the compen-
sator maximum torque angle. As a result of this phase
shift the magnitude of V is reduced, as shown in Fig.
2.

Tap markings in Fig. 3 are based upon a 759 com-
pensator angle setting. If the resistors R3, R2a, Rop
and Roc 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:

TS sin 6

20 =TT M) sin 750

TAP PLATE MARKINGS

(T, TA, TR, and T¢)
.87 1.16 1.6 2.2 3.0 4.2 5.8

(S, SA, 8¢, RR)
1 2 3

(M, Ma, M)
* Values between taps .03 .06 .06

TIME CURVES AND BURDEN DATA

Operating Time

The speed of operation for the KD relay three-
phase and phase-to-phase units is shown by the time
curves in Figure 12. The curves indicate the time in
in milliseconds required for the relay to close its
contacts for tripping after the inception of a fault at
any point on a line within the relay setting.

Figure 13 and Figure 14 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-closing time for faults
within the relay setting,

Current Circuit Rating in Amperes

Tap Setting Continuous 1 Second
5=1 S=2 S=3
5.8 5.0 8.5 9.5 240
4.2 5.0 10. 10. 240
3.0 8.0 10. 10. 240
2.2 10.  10. 10, 240
1.6 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 and current transformers in each phase is shown
by Figure 15 and Figure 16 for the KD and KD-1 re-
lays respectively. The potential burden and burden
phase angle are based on 69 volts line-to-neutral ap-
plied to the relay terminals.

Trip Circuit Constants

0.1 ohms d.c. resistance
0.2 tap — 6.5 ohms
2 tap — 0.15 ohms

1 ampere rating:
0.2/2.0 ampere rating:

13
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Fig. 15. Type KD Relay Burden Data.
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TYPES KD AND KD-1 RELAYS

SETTING CALCULATIONS

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

T, Tp, T and Tg

.871.16 1.6 2.23.0 4.2 5.8

S, SA, Rp and S¢

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

(Values between taps)

Maximum torque angle is set for 759 (current lag-
ging voltage) in the factory. This adjustment need not
be disturbed for line angles of 650 or higher. For line
angles below 652, set for a 60° maximurh torque
angle, by adjusting R3, RZA’ R2B and RZC' Set zone
1 reach to be 90% of the line (85% for line angles of
less than 500).

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 R
pri

(Sin 750) Ry

The terms used in this formula are defined as follows:

Zg = the desired ohmic reach of the relay in
secondary ohms.
TS
1M
- compensator tap value

= the tap plate setting.

Auto-transformer primary tap value

@ »w H N

Maximum torque angle setting of the relay.

Sin 6
i (¢} e =
(For a factory setting of 75 then Sin 50

1)

M = Auto-transformer secondary tap value.
(This is a Per Unit value and is determined by
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).

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.

Re = current transformer ratio

Ry = 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

i 0
of 6.9 S greater than Z where Z = Zg S0 19%).
(sin 8 ).
2. Select a value for T that is nearest the value
2z
s

3. Determine the value of M that will most nearly
TS
make M =5 - 1. If the sign is negative, then

the M taps are connected with the R lead above
the L, lead to Raise the setting.

For example, assume the desired reach, Zg of the
relay is 7 ohms at 60 degrees. Then Z =17 x 1.11 =
7.8 ohms,

1. The lowest tap S for 6.9 S greater than 7.8 is
S=2
Set S, Sp , Ry, and 8¢ in tap 2.

2. T nearest to7—é§—= 3.9 is 4.2 ohms

Set T, Ty, Ty and T in tap 4.2.

3. M =%‘-§——1 - 1.075 — 1 = .075 (Use M = .09)

Set M, MA and MC for + .09,

4.2x2
4. Then Z = (m) = 7.7 ohms

Sin 6
Sin 750
torque angle setting of 60 degrees which is
98.6% of the desired value.

5. Zg=7Z( ) = 6.9 relay ohms at a maximum

6. Set R, Roa, Rgp and Roc for 600 maximum tor-
que angle.

SETTING THE RELAY

The KD and KD-1 relays require settings for each
of the four compensators (T, Tp, T, and T(), each
of the three auto-transformers, primaries (S, Sa, and
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TYPES KD AND KD-1 RELAYS

S and secondaries (M, Ma, and M¢), and the bal-
ancing resistor Rg which should be set at the same
value as Sp and Sg. All of these settings are made
with taps on the tap plate which is located between
the operating units. Fig. 3 shows the tap plate.

Compensator (T, Tp, Tn, and T¢)

Each set of compensator taps terminate in inserts
which are grouped on a socket and form approximate-
ly three quarters of a circle around a center insert
which is the common connection for all of the taps.
Electrical connections between common insert and
tap inserts are made with a link that is held in place
with two 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-
nector 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-Transformer Primary (S, S, and S¢)

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

An “‘S" 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 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 can be made are
from —.15 to +.15 in steps of .03. The value of a set-
ting 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

18

sien is positive (+) 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” value. Neither lead connector

should make electrical contact with more than one tap

at a time,
Tabulated Settings
2750 M L Lead R Lead
0.87 TS +.15 Upper .06 0
0.89 TS +.12 Upper .06 .03
0.92 TS + .09 Lower .06 0
0.94 TS + .06 Upper .06 Lower .06
0.97 TS + .03 .03 0
TS 0 0 0
1.03 TS — 03 0 .03
1.06 TS —.06 Loower .06 Upper .06
1.1 TS -.09 0 Lower .06
1.14 TS —.12 .03 Upper .06
1.18 TS -—.15 0 Upper .06
RB Settings

Rp is a circuit balancing resistor for the phase-
to-phase unit. The Rp tap setting should he the same
as Sp and Sc settings.

Line Angle Adjustment

Maximum torque angle is set for 750 (current lag-
ging voltage) in the factory. This adjustment need
not be disturbed for line angles of 65° or higher. For
line angles below 659, set for a 60° maximum torque
angle by adjusting the compensator loading resistors
R3, Rga, Rgp and Rgc. Refer to repair calibration
parts 1 (C) and II (B), 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 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 ¥nit in a tap 2 and
use a Type WL relay with a S#304C209G01 coil, or
equivalent.
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TYPES KD AND KD-1 RELAYS

STATION BUS PHASE ROTATION [,2,3 \
L 4 2
1
¢ 3
STD. POTENTIAL CONN.
ZONE | ZONE 2 *ZONE 3 TD-2 TIMER ZONE | ZONE 2 ZONE 3
. 21-1 21 %1-2 21-22721-3 213 T TX 21-1 21-°721-2 2l 21-3
o 21-l g, e e 21-2vel-3 g 22 g et-l 2t elz 2lgel-3 el
z 3 Az 3. Ta Tz T3, A 12 A 9 18 19 TIRE T304 ”
p— w
o 2 — [}
© 3 Init Iaz o >
-\ wul
= Y= 2 o
o 4 =
o
[ # lIQ
S #)590616 w5
I s aer s ———lea T
olo—o T
b -~
= 15A
52 + FOR ZONE 3 REVERSED TRIPPING DIRECTION:
I. REVERSE CONNECTIONS TO TERM'S 13 & 12,
1, 15 & 1%, 47 & 16, 19 & 18, OF KD-1 RELAY
AUTO TRANS
BANK
123
290B235

Fig. 19 A.C. External Schematic of Two Type KD & One KD-1 Relay wit

h Type TD-2 Timing Relay — Autotransformer

Termination.
< STATION BUS PHASE ROTATION 1,23
a Y‘ . S¥*1590616 3L,
= * 3 15/5A.ACT. - —
«
- i : hd >N~/\j-,
—— STD. POTENTIAL CONN. I
ZONE | ZONE 2 +ZONE 3 ZONE ) ZIONE 2 + ZONE 3
21-2> 7213 1-
T

S #2344240607 ;

5 T0 5/V¥3 T
52 J ACT.
o ‘_jl:" TIMER
IRA
Tg:';iﬁ + FOR ZONE 3 REVERSED TRIPPING DIRECTION:
* A I. REVERSE CONNECTIONS TO TERM'S 13 & 12,
15 & 4, 17 & 16, 19 & 18 OF KD-1 RELAY
HIGH SIDE
ABC
~——
LINE

290B236

Fig. 20 A.C. External Schematic o

Termination with Grounded Wye on Relay Side.

20

f Two Type KD & One KD-1 Relay with Type TD

.2 Timing Relay — Wye-Delta Bank
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l.L. 41-491H

STATION BUS PHA

ROTATION |1 2 3

b

J_ 1

{TRIP DIRECTION

ZONE 2

4——— Z0NE 3
4+————Z0ONE | 2

5 %2344240607
5 TO 5A/3
AC.T.

L

*

1 zone 3

STD POTENTIAL CONN.

T 7(30R3

TIMER

Llnﬁ?

TRANSF, B
BANK

C
N
IN

i

A B
L

T-FoR zoNE 3 REVERSED TRIPPING DIRECTION:

REVERSE CONNECTIONS TO TERM'S 13 § 12, 15 & 14,
17 & 16, 18 & 19 OF KD-1 RELAY

290B237

Fig. 21 A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — Wye-Delta Bank

Termination with Delta on Relay Side.

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 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-
moved 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
1L, 41-076.

EXTERNAL CONNECTIONS

Fig. 17 shows the connections for 3 zone pro-
tection utilizing the TD-2 timer. Fig. 18 is similar to

Fig. 17 except that the TD-4 timer is used instead of
the TD-2. Fig. 18 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.

A-C connections for additional applications are
shown in Figs. 19, 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 low
side voltage and current are used to energize the re-
lays. In calculating the reach settings, the bank im-
pedance must be added to the line impedance.

For the case of a wye-delta bank (Figs. 20 and
21) the voltages and currents 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 connections of Fig. 22 when the Zgis

less than 0.75 ohms. The 2to 1 or 3to 1 auxiliary
current transformers reduce the relay current. In ef-

2]
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}T RIPPING DIRECTION

STEP _DOWN
tt &7

+-FOR ZOKE 3 REVERSED TRIPPING DIRECTION:

1. REVERSE CONNECTIONS TO TERM'S 13 & 12, 15 & 14, 17 & 16, 18& 19
OF KD-1 RELAY

++- 3 - $#I590616 A.C.T'S I5 T0 5 OR
3 - SK1629905 A.C.T'S 10 T0 5

ZONE 2 ZONE 3 TIMER

ZONE 3 ZONE 2

«— 70863 T
«———70NE 1,2
g7
¥
¢
n|}4 lﬂ
-

OPTIONAL Z2 LOCATION IF REQUIRED

ZONE 1 ZONE 2
ZONE 2 'ZONE 1
—A— ,—JE———q

290B238

Fig. 22 A.C. External Schematic of Two Type KD & One KD-1 Relay with Type TD-2 Timing Relay — for Ohmic Settings

Below 0.75 Ohms.

I A
TRIP DIRECTION A ) 8
- 3 2 ¢
on ' S} A
GENT O . STEP-UP| 52 8
1 T ry) 1 TRANSE
p } —— ¢

2(@8)

1(88)
@8 DISTANCE UNIT

DEVICE NUMBERS
2 - TYPE TD-2 RELAY
21 - TYPE KD-1 RELAY
866 - TYPE WL RELAY SWITCH

750125 VOC
2000a-250 VDC

~

o

2(38) Z(39)
36 DISTANCE UNIT I $30 is2
z z
(-1 20

NEG.

2908239

Fig. 23 External Schematic of Type KD-1 Relay with Type TD-2 Timing Relay for Generator Backup Protection.
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LL. 41-491H

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 ohms.

Fig. 23 shows a KD-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
CT1s are not required if the TD-4 is used.

SWITCHBOARD TESTING WITH KD AND
KD-1 RELAYS

Immediately prior to placing the relays in ser-
vice, the external wiring can be checked by manip-
ulating the current and voltage applied to the relay.
If 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 relay
measures the balancepoint impedance accurate-

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§, Sa. S5a. & Ry for 1
*M, Ma, & Mg for + 0.15.

A. Use connections for Test No. 1 and adjust the
voltages Vipop and Vopsg 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 angle of 75 ° current lag. (Set phase
shifter for 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 V1F2F equals 30
volts. (120-45V-45V =30V)

E. The current required to make the contacts

close for the phase-to-phase (top unit should

*be between 2.95 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 greater than 3% of the smallest value.

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

Indicating Contactor Switch (ICS)

Closethe main relay contacts and pass sufficient
d-c 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 greater than 1.2 amperes for
the 1 ampere ICS. The current should not be greater
than the particular ICS tap setting being used for the
0.2-2.0 ampere ICS. The operation indicator target
should drop freely.

The contact gap should be approximately 0.047"’
for the 0.2/2.0 ampere unit and 0.070’* for the 1.0
ampere unit between the bridging moving contact and
the adjustable stationary contacts. The bridging 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 experience,
to insure that the relays have retained their calibra-
tion and are in proper operating condition.

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

Distance Units

CAUTION: Before making ‘‘hi-pot’’ tests, jumper all
contacts together to avoid destroying arc-suppressor
capacitors.
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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 using test 1of Fig. 24 the
phase angle meter must be set for 30 ° more than the
maximum torque angle. Note that the impedance mea-

Vi-L
sured by the 3-phase unit in test 1 is Zg =/§IL

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

Indicating Contactor 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 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.

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 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 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
arm.
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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.

Autotransformer Check

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

Set S, Sa and Sc 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 voltages V1F2F‘ and
Vopsp for 90 volts. Measure the voltage from terminal
8 to the #1 tap of Sand Sp. It should be 30 volts. From 8
to the #2 tap of S and Sp should be 60 volts. The
voltage should read 30 volts from 8 to S¢ =1 and 60
volts from 8 to S¢ = 2.

Set S, Sa, and Sc on 1 and adjust Vipom and
Vopgp for 100 volts. Measure the voltage drop from
terminal 8 to each of the M and the M‘A taps. This
voltage should be equal to 100 (1 + the sum of values
between R and the tap being measured). Example:
100 (1 + .03 + .06) = 109 volts.

Check the taps of M in 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.

Distance Unit Calibration

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

T, Tp, Ty, and T set on 5.8

S, Sa, Rp, and Sg seton 1

“R’’ for M, Mp, and M set on 0.0

“L’ for M, My, and Mq 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 reactor is adjusted to
make the impedance angle of its own circuit equal to
the impedance angle of the compensator secondary’s
circuit.
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1. Connect the circuits 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 and not high enough to cause saturation of
the reactor.)

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

4. The core 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 cur-
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 circuit terminals 7, 8 and 9 or 1y
2p, and 3p 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
because excessive opening torque will tend to
make the relay under reach at low voltages.

3. The Reactor X adjustment should be checked
after any change in core adjustment.

C. Maximum torque angle adjustment.

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

2. Adjust the voltages V1F2 and V2F‘3F‘ for 50
volts with Brush No. 1 and Brush No. 2 respec-
tively .

3. Adjust the current to 6 amperes and rotate the
phase shifter to find the two angles, 91 and 92,
at which the bottom unit contacts just close.

The maximum torque angle & for the three-

& + 6
2

phase unit then is ( ~ 30) degrees.

This angle should be between 73° and 76 ° for
a 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 0

increased by increasing R3.

equal to amperes. The angle may be

D. Contact Adjustment.

KD Relay: With moving-contact arm against right-
hand backstop, screw the stationary contact in until
it just touches the moving contact. (Check for con-
tact 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.

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

E. Spring Restraint: Reconnect for a three-phase
fault, Test No. 1, and set the phase shifter so that the
current lags voltage by the maximum-torque angle,
(105° in Fig. 24) Adjust the spring so that the cur-
rent required to close the left-hand contact is as fol-
lows:

Voltages V1F2F‘ and V2F‘3F = 10 volts
Current to trip KD = 1.27 amperes
Current to trip KD-1 = 1.3 amperes.

II. Phase-to-Phase Unit:

A. Rough Adjustment of Ry and Rme

Set Rypa to slightly less than half the adjustable

range so that the adjustable band is nearer the
center than the end.

1. Using connections for test #1 of Figure 24 ad-
just brush #1 so that V1F2F = Vqg = 0. Adjust
brush #2 for rated voltage across terminals 8 &
9. Adjust Ry so thatthe contact floats or has a

minimum of torque. This is a rough adjustment
for making the impedance angle of phase 1 to
be equal to impedance angle of phase 2.

25



TYPES KD AND KD-1 RELAYS

2. Using test #1 of Figure 24, adjust brush #2 so
that Vopsp = Vgg = O. Adjust brush #1 for

rated voltage across terminals 7 & 9. Adjust
Rpmc so that the contact floats or has a mini-

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

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

Therefore, the Ryp and Ry calibration should be

checked after any change in the maximum torque
angle. If there is an indication that the Ry;p and Ryc

adjustments should be changed due to a 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
connections. This connection is for checking
and adjusting the maximum torque angle of the
phase-1 compensator.

2. Adjust the voltage V1F2F and VZF‘BF‘ 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, 6 and
o, at which the top unit contacts just close.
The maximum torque angle 6 for the phase-to-

01 + 6

phase unit then is ( — 30) degrees.

This angle should be between 73° and 7¢° when re-
ceived from the factory.

4. The angle 6 can be changed by adjusting Rgp.

In this case, the test current should be equal to
10 sin 75° )
——————— amperes. A lower value of resistance

sin 6
gives a smaller angle and a higher resistance

value gives a greater angle.
5. Use 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 made 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 Roce
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C. RM A and RMC Calibration

These components serve the same purpose in the
phase-to-phase unit circuit as the reactor X 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 Rg. 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 circuit Figure 24. Each value of current re-
quired to trip the top cylinder unit for each of the
three conditions should 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 Rya or Ryc can cause the
spreadin current values to increase to more than 10%.

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

9. Adjust the voltage between Ph.1 and 1F and
between PH.2 and 2F for 57.5 volts each using
Brush No. 1 and Brush No. 2 respectively,
to provide 5 volts between 1F and 2F
(VipoF = 120 — 57.5 — 57.5 = 5 volts).

3. Adjust the phase shifter for 8 degrees between
load current and Vpy, 1-pH. 2.

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

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

6. Determine the current value 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 Ryc is too
high.

7. Increase RpMA a slight amount and reduce RMC
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
No. 7 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 1 through 8.
At first there may be an over-correcting or
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pendulum action as one balances the R A and
and RMC resistors. However, with a little ex-
perience the circuits can be balanced after
two or three trials.

D. Spring Restraint.

1. Use Test No. 1 connections except reverse
the voltage phase sequence by interchanging
the Brush connections so that Brush 1 is con-
nected to 3F and Brush 2 is connected to 1F.

2. Adjust the voltages V1F2F and V2F'3F‘ for 3.5
volts each with Brush No. 2 and Brush No. 1
respectively. Position the moving-contact spring
adjuster so that the contact just floats and then
return the circuit connections to normal with
Brush 1 to 1F and Brush 2 to 3F.

E. Contact Adjustment

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

The phase-to-phase unit is now calibrated and
should be accurate to within +3% of the corrected
tap value setting over the range of fault voltages
from 5 Vi,-1, to 120 VL-L' The corrected 'tap value is
actual relay reach at a given maximum torque angle 6

TS sin 6
(1+ M) (sin 750)
now calibrated and ready for service.

and is equal to ZO = + The relay 1s

III. Compensator Check

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

A, Set T, TA, TB, and TC on the 5.8 tap.

B. Disconnect the “L’’ leads of sections M, My,
and M- and the brush leads of Rg, Roa, Rop,
and Roc. (With resistor loading removed 6 =
90°),

C. Connect terminals 13 to 14, 15 to 16, 17 to 18
and pass 10 amperes a.c. current in terminal
19 and out of terminal 12.

D. Measure the compensator voltage Ve with a
high resistance voltmeter 5,000 ohm/volt as
tabulated below. Refer to Figure 1 for the
location of R3, Rga, Rop, and Roc.

Measure Vo

From To Fixed Voltmeter Reading
Terminal | End of .
v L5 [ 0 _) ]
c= L3I 750

“L”0fM | Rg
=90.1 volts (6 = 909)

i 9
L’ofMa| R2A sin ¢

Ve =1T(—’ _
8 Rop C sin 759

= €0. - o]
“L”OfMC RZC €0.1 volts (6 90 )

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

IV. Overall Check

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

A. Three-Phase Unit

Connect the relay for a three-phase fault, Test
No. 1 of Figure 24, and set the phase shifter so that
the phase angle meter indicates 30° more than the
maximurm torque angle. The current required to trip the
relay should be within the limits specified for each of
the voltages. Note that for the three-phase unit the
impedance measured by the relay is Zg =\\/l% where

L

ViL is phase-to-phase fault voltage and L, is
phase current.

Volts Amperes (=75 Y1t & T
Vip2r
& Vop3p Imin Imax
10 - 1.28 KD
1.3 KD-1
30 3.44 3.6 KD
3.65 KD-1
70 7.85 8.1 Both

1 to determine the limits of current when @ is not
equal to 759 multiple the nominal values tabulated

i 0
above by the ratio S}n 75
sin 6

t1 Phase angle meter set for 6 + 300.
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B. Phase-to-Phase Unit

Using the connections for Tests Nos. 5,6, and 7,
set the phase shifter so that the current lags voltage
by 69 The current required to trip the phase-to-phase
unit should be within the limits specified for each of
the voltages. Note that for the phase-to-phase unit
the impedance measured by the relay is ZR = VL-L

21p,
where VL-L is phase-to-phase fault voltage and IL is
phase current.

— 750
Test Volts Amperes (8 = 750)t
No.
Virop Imin Imax
5,6& 1T 5.0 0.50 0.54
Forboth
30.0 2.95 3.14 KD&KD-1,
relays
70.0 6.90 7.10

1 To determine the limits of current when 6 is not
equal to 759, multiply the nominal values tabulated

i 0
above by the ratio ﬁ
sin 0

Indicating Contactor Switch (ICS)

Close the mainrelay contacts and pass-sufficient
d-c 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 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 touch both stationary contacts
simultaneously.

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable 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(30)1-2 Two Element-Coils; Total d.c. Resistance = 360 to 390 ohms
Z(3¢$)2-3 Two Element-Coils; Total d.c. Resistance = 680 to 740 ohms
RM 2 Inch Resistor 1000 ohms Fixed for KD
(3-1/2 inch 8500 ohm Adj. for KD-1)
5}1 Rg 2 Inch Resistor 600 ohms Adjustable
=
~ C3A 1.8 MF'D Capacitor for KD (0.6 MFD for KD-1)
€]
=
o Ciac 0.50 MFD Capacitor (0.6 MF'D for KD-1)
E
T Compensator (Primary Taps —.87; 1.16; 1.6; 2.2; 3.0; 4.2; 5.8)
S 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(p- ) Two Element-Coils; Total d.c. Resistance = 560 to 600 ohms
RMA 3-1/2 inch Resistor 2000 to 3000 ohms adjustable
RMC
% 2 inch Resistor Fixed-adjustable Taps at 30 & 55 ohms:;
= Rp adjustable 55 to 385 ohms
(o}
[c_'a R2A Rop. Roc 2 inch Resistor 600 ohms Adjustable
% Coar Coc 1.6 MFD Capacitors
ool
& Ta Ty, To Compensators Same As T
SA’ SC Same As S
MA' MC Same As M

30




TYPES KD AND KD-1 RELAYS . LL. 41-491H

19 1 =) e-52 L DIA. 4 HOLES FOR
'™ '*G,e—ﬂ e »28 ™~ ‘o, % 15032 MTGr.SCREWS
. — _ 232 s
I -l
—&
00 —F
()]
| <+ —lnd
+ @
- ¢ g
~o
g
-< @ | & —i
‘Q’J é R %9 -0 »
| —E I |
, —5 I
L J ¥ ef—!—!
3 : N
™ Y i !‘ ] 2§ o —
— G2 ¥ [
& U\> <——5%->
ON
Z‘;ﬁ‘:‘_—‘f\fgﬂ MTG. PANEL CUTOUT ¢ DRILLING
PROJECTION MTG. FOR SEMI-FLUSH MTG.

ZDIA. 20 HOLES
oR'CUT OuUT

N

AN

_190-32 SCREW

PANEL

SFPACEES FoR

l/f
Ul
v ' L |
$ ! ' ‘ ! !
TTHIN PANELS ! : *
5 | )
2-18 SCREW
(FOR THICK | D
PANEL USE 7
( .—" :

20IA. 2 HOLES

-8 STUD)

1 ZH}]] 19032 SCReEw

i
if!a%e , FOR THICK PANEL
USE.100-32 STUD

TERMINAL AND
MOUNTING DETAILS

PANEL DRILLING OR ‘
NOTE: ALL DIMENSIONS CUTOUT FOR PROJECTION MTG. |
IN INCHE S, (FROWT ViEW)

57-D-7905

Fig. 25 Outline and Drilling Plan for the Type KD and KD-1 Relays in the Type FT42 case.

31



TYPES KD AND KD-1 RELAYS

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.

Potential Circuit Check

Close the three relay potential switches numbered
7,8,and 9, (Figure 17). The connection for the proper
phase sequence will be indicated by a strong contact-
opening torque. Closing torque will indicate reverse-
phase sequence.

Current Verification

To verify the proper current connections use the
following procedure:

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

2. Plot watts and vars on the diagram in Fig.
26, Draw a line at the load angle determined

by this plot. Designate this line as IRgp-
See Fig. 27 for example.

3. Set T = 5.8, S = 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 contact position
for each combination. (Actually 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
too 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 tests, these
should be ignored.)

5. Verify the currents using the procedure il-
lustrated in Table III. Here the ‘“‘correct con-
tact position’’ is determined by observing
whether the IRgp 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
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currents using the following procedure.

Current lIdentification

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

1. Plot alggp and aleEF‘ at 120° angles from
IRER- See Fig. 27 for example. These currents
are related to the phase currents as shown in
the following table:

Phase

Receiving

Current IREF  a%2IREF  alREF
1 IpH1 IpH2 IPH3
2 Ipg2 Ipy3 IpH1
3 Ipu3 IpH1 Ipy2

2, Prepare a table similar to Table IV using
Fig. 27. For example, for test lb the con-
tacts were open. Such a result would occur if
IREF of the wrong polarity is actually flow-
ing in the phase 1 circuits of the relay. This
conclusion is drawn by noting that Iggp in
Fig. 27 intersects the solid part of the test
1b circle. This says that if HIgpp is flowing
the contacts would close. Since the contacts
actually open, then —Iggp could be flowing.
Similarly, for test 1b, —a2lggp could be
flowing, since the 32IREF‘ line also inter-
sects the solid part of the test 1b circle.

By the process of elimination for each set of
3 tests, the actual current is identified. For
example, in Table IV, phase 1 receives
—Ipg1, whereas +Ipyg1 should be flowing.
In phase 2, +Ipg3 is flowing as shown in
Fig. 28. To extract this bit of information
from Table IV, use the above table relating
the phase currents to IgRpp, 22REF and

alp pp.

Note in Table IV that allxgp is flowing in
the phase 2 circuits of the relay. The above
table shows for this set of 3 tests that
a2REr = IPH3.

3. Correct the external connections and then
verify the currents.
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TABLE 1l

SWITCHING FOR CURRENT VERIFICATION AND IDENTIFICATION

Position of switches numbered:
. Voltage sw. Current sw. (blank indicates
w S open sw.)
55 Unit which Phase
= = ..
SRR= should be |Receiving
Ug) g 1 2 3 1 2 3 1 Observed Current
© 7 8 9 12, 14, 16, 18,
13 15 17 19
(3¢)
Open & a Closed H-d&t 3
1 UM SW-l algsed | Closed
jaw to
9 b| Closed Closed | ¢-¢& 3¢ 1
&
,Oilensw a| Closed Closed | ¢-¢& 3¢ 1
2 Closed Jl'lavfto "] Closed
) : b Closed S-d&t 2
O &
.uiensw a Closed G- & T 2
3 Closed | Closed J‘avi)to )
. 8 b Closed H-b& T 3
Open &
4 | Closed | Closed """ °™I closed Closed | ¢-¢& 3¢ 1
jaw to
7
Open &
5 |JUMPSWl osed | Closed Closed A-P&T 2
jaw to
8
Open &
6 Closed Jl_lmp SW. Closed Closed p-Pp&t 3
jaw to
9
+ Block 3 ¢ Unit Open

t

3 ¢ unit operation is based on the relay looking into the line. For carrier applications with
KD-1 looking in the reverse direction, the contacts should be in the opposite positions from

those listed in the table.
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TABLE Il
VERIFICATION EXAMPLE USING ASSUMED LOADING OF FIG. 27
PHASE SWITCHING CORRECT ACTUAL CONTACT POSITION
TO BE CONTACT IF WIRING EXAMPLE WITH |
COMBIN ATION
VERIFIED POSITION IS CORRECT INCORRECT WIRING
1b C c o)
1 2a C C e}
4 o) o) C
2b C C C
2 3a c o) o)
5 0 0 C
3b C C 0
3 la C C O
6 0 0 o)
TABLE 1V
IDENTIFICATION EXAMPLE USING ASSUMED LOADING OF FIG. 27
IREF, EXAMPLE CURRENT & POL ARITY WHICH CAN
PHASE SWITCHING OF PRODUCE OBSERVED CONTACT POSITION
RECEIVING | COMBINATION | CONTACT )
CURRENT POSITION IREF. a“IREF, alREF.
1b 0 - +
1 2a 0 il + +
4 C + -
2b C + -
2 3a 0 + i +
5 C + -
3b o) - +
3 la 0 + +| f
6 0 - +

t See Fig. 28 for actual connections.
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PHASE DIAGRAM FOR CIRCUIT VERIFICATION WITH K-DAR RELAYS
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Fig. 27 Phase Diagram Showing Assumed Load Conditions
for an Example

Fig. 26 Phase diagram for Current Circuit Verification and
Identification
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Fig. 28 Actual Wiring for the Assumed Test Results of
Table IV
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