INSTALLATION

Westinghouse I.L. 41-492.1
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE KS OUT-OF-STEP BLOCKING RELAY
0.51-30 OHMS

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

APPLICATION

The KS Relay (Figure 1) is a polyphase compen-
sator distance type relay used with the type KD
distance relay to prevent tripping while out-of-step
or out-of-synchronism conditions exist on the sys-
tem. It does not prevent or delay the type KD relay
from tripping on phase-to-phase faults within its
protective zone that occur during the out-of-step
condition.

CONSTRUCTION

The type KS Blocking Relay consists of three
air-gap transformers (compensators), two tapped
auto-tranéformers, a cylinder type operating unit, and
a time-delay telephone type relay, all mounted in the
type FT32 relay case.

Compensator

The compensators which are designated as T4,
TR-TR, and T, are two-winding air-gap transform-
ers, (Figure 2). The primary, or current winding, has
seven taps which terminate at the tap block. Tp and
T are marked 0.6, 1.02, 1.65, 2.46, 3.68, 5.5 and
8.2. Th-Tg can be set from 3.6 ohms to 6.12 chms
in steps of 0.18 ohms. Current flowing through the
primary coil provides an MMF which produces mag-
netic 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.

NEW INFORMATION

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 resis-
tor between its minimum and maximum values re-
spectively or for 89° by open circuiting the resis-
tor. 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
inversely modify the S setting by any value from
~18 to +18 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 be-
tween taps are 0, .03, .09, and .06.

The auto-transformer makes it possible to ex-
pand the basic range of the compensators by a

multiplier of ] EM Therefore, any relay ohm set-

ting can be made within * 1.5 percent from 0.51
ohms to 30 ohms by combining the compensator
taps Ta, TB-TgR, and Tc with the auto-transformer

taps S and Ma, and Sc and MC.

EFFECTIVE MARCH 1967
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Fig. 2. Compensator Construction Fig. 3. Internal Schematic of the Type KS Relay in FT32

Cylinder Unit

The device which acts to initiate blocking is a
four-pole cylinder unit which is connected open
delta and operates as a three-phase induction motor.
Contact-closing torque is produced by the unit when
the voltage applied to its terminals has a positive-
phase sequence. Contact-opening torque is produced
when negative-phase sequence voltages are ap-
plied. Hence, the cylinder unit has restraint or oper-
ating 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. The bearing can be replaced, if neces-
sary, 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, and two locating pins. The

Case.

locating pins 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 alum-
imum cylinder assembled to a molded hub which
holds the shaft. The shaft has removable top and
bottom jewel bearings. The shaft rides between the
bottom pin bearing and the upper pin bearing which
is adjusted to .025 inch from the top of the shaft
bearing. The cylinder rotates in the air gap formed
by the electromagnet and the magnetic core. The
stops for the moving element contact arm are an
integral part of the bridge.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to hold-
ing the upper pin bearing, the bridge is used for
mounting the adjustable stationary contact housing.
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 at-
tached to the moving contact arm by a spiral spring.
The spring adjuster is also held in place by a spring
type clamp.
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Fig. 5. Relay Characteristic on an R-X Diagram.

When the ZOS contacts, shown in Figure 3,
close, the electrical connection is made through the
stationary contact housing clamp, to the moving
contact, through the spiral spring out to the spring
adjuster clamp to short-circuit the telephone type
relay coil, OS. When operating torque causes the
contacts to open, then the short-circuit is removed
from across OS, permitting it to become energized.

Telephone Relay

The telephone-type relay unit, OS, is a slow-to-
operate type. An electromagnet attracts a right-angle
iron bracket which in turn operates a set of make-
and-break contacts. The delay in operation is ob-
tained by a copper slug which acts as a lag coil
and delays the build-up of magnetic lines of force in
the core.

When the telephone-type relay is energized, by
the opening of the cylinder unit contacts, it opens
its several sets of contacts which are normally
connected in series with the KD relay three-phase
unit contacts, and thus prevents completing the trip
circuit during an out-of-step condition (Figure 4).

OPERATION

One fundamental difference between a three-
phase fault and an out-of-step or out-of-synchronism

condition is that a fault suddenly reduces the volt-
age and increases the current, whereas during the
approach of an out-of-step condition, the voltage and
current changes are comparatively gradual. When
the line impedance to the apparent fault (Zp) is less
than the compensator setting (Zc), 1Z¢ becomes
greater than the line voltage drop to the fault. This
reverses the compensated voltage and thereby re-
verses the phase sequence of the voltage applied to
the relay, and contact-opening torque is produced in
the cylinder unit. Under out-of-step conditions, the
apparent impedance measured by the relay anywhere
near the electrical center starts at a high value,
gradually decreases to a much lower value, and then

gradually increase again to a higher value, and thus

the system goes through a complete beat oscillation.
On the other hand, if the disturbance is a fault, the
impedance seen by the relay will suddenly drop to a
much lower value, and then either retain this value
or slightly increase due to the effects of fault re-
sistance, until the fault is cleared.

The KS relay takes advantage of the distinction
between a fault and an out-of-step condition. Under
out-of-step conditions, the KS relay will operate
followed after a short time delay by zone 2 KD relay,
as the apparent short circuit drifts toward the relay.
In case of a fault, the KS as well as one or two zone
relays may be operated but if more than the KS relay
is to operate, the other will operate within a very
short time, and will not follow the sequence des-
cribed for an out-of-step condition.

Blocking Unit

The four-pole cylinder unit which acts to ini-
tiate blocking for an out-of-step condition is con-
nected open delta and operates as a three-phase
induction motor. Contact closing torque is produced
by the unit when the voltage applied to its terminals
has a positive-phase sequence. Contact-opening
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 term-
inals.

Compensator

Sensitivity to the out-of-step condition is pro-
vided by compensators designated as Ta, Tg, and
Tc in Figure 3. Each compensator is proportioned
so that its mutual impedance, Z¢, has known and
adjustable values from T = 0.51 ohm to T —8.2
ohms in 30-percent steps. Compensator mutual im-
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pedance Zc is defined .as the ratio of secondary
induced voltage to primary current and is equal to T.
The secondary (voltage) winding of the compensator
is in series with the applied voltage and vectorially
subtracts a value from the applied voltage which is
proportional to 1Zc where I is the relay current.
When the line impedance to the electrical center or
to a fault (ZF) is less than the compensator setting
(Z¢), 1Z¢ becomes greater than the line voltage drop
to the electrical center or fault. This reverses the
phase sequence of the voltage applied to the relay,
and contact-closing torque is produced in the cylin-
der unit.

CHARACTERISTICS

Referring to Figure 5, the scheme of operation is
described below. The impedance circle of the relay
is set to encircle the second zone KD relay three-
phase unit. The difference between the two circles
provides a margin in ohms sufficient to give the
telephone-type relay time to operate before the
swing condition enters the characteristic circle of
zone 2 after having entered the circle of the KS
relay. The telephone-type relay will open, within 3
to 4 cycles. Its OS contacts located between the

9_48 and%g_terminals shown in the trip circuits sec-

tion of Figure 4. Thus all of the OS contacts oper-
ate to block tripping and also to prevent the short-
circuiting and de-energizing of the OS coil as the
zone 2 contacts close. When zone 2 operates before
OS, as it does for a three-phase fault condition, a
short-circuit across the coil, OS, is completed
through the KD relay, and OS is not energized even
though the ZOS contacts do open.

General Characteristics

Impedance settings in ohms reach can be made
for any value from .51 ohms to 30 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 out-
put V, is largest when V leads the primary current,
I, by 90°. This 90 ° relationship is approached, if
the compensator loading resistor (RzA, Ropg or
ch) is open-circuited. The effect of the loading
resistor, when connected, is to produce an internal
drop in the compensator, which is out-of-phase with
the induced voltage, IT A» ITg or IT. 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. 8 are based upon a 75°
compensator angle setting. If the resistors R2A'
Rop and Ro are adjusted for some other maximum
torque angle the nominal reach is different than in-
dicated by the taps. The reach, 2, varies with the
maximum torque angle, 8, as follows:

7 6= TSsin0
(1 £M) sin 75°

TAP PLATE MARKINGS

(T and T()
.6 1.02 1.65 2.46 3.68 5.5 8.2

(Tg)
0 .18 .36 .54 .72 .9 1.08

TR
3.6 4.86 6.12
(8a. Sc. Rp)

v My, M)
t Values between taps ~— .03 .09 .06

Current Circuit Rating in Amperes

Tap Setting Continuous 1 Second

8.2 5 240
5.5 7 240
3.68 10 240
2.46 10 240
1.65 10 240
1.02 10 240

.6 10 240

Burden

The burden which the relays impose upon poten-
tial and current transformers in each phase is shown
by Figure 6 and Figure 7. The potential burden and
burden phase angle are based on 69 volts line-to-
neutral applied to the relay terminals.

SETTING CALCULATIONS

The type KS relay requires an ohm setting high
enough so that its impedance circlée completely sur-
rounds the impedance circle of the zone 2 KD relay

o,

-
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three-phase unit with a 2 ohm margin. The angle of
maximum torque should be the same as that of the
KD relay. The forward-looking reach Zj is equal to
the setting Z A and Zc.

-, - TS
= —Z =
L7728 %cTTEM

(Sub-letters refer to the T,A and Te compensators.)
The backward reach IR is a function of both Zg
and Zy, where

Z,=(Tlg * Tp) 8
1 Im.

When the proper value of Zy g is determined
(usually 2 ohms) then the setting for Zp can be
calculated.

Zg = /271, + 3/271 R

The S & M settings of the auto-transformer are
determined in the setting of the forward reach.

At the line angle in the forward direction, the
ohmic difference, Zppg will generally be set for two
ohms. When the two circles are concentric, the
backward reach, Zy R, is equal to ZDF. The for-
ward reach, Zj , can be set up to 30 ohms. The
reverse reach, Zy p, can be set at most any prac-
tical value with the best coverage at two ohms.

Calculations for setting the KS relay are straight-
forward and apply familiar principles. Assume a
desired balance point which is 2 (relay) ohms
greater than the second-zone impedance-relay set-
ting. The general formula for setting the ohms for-
ward reach of the relay is:

- sin 0 -
L6 —ZLE—S;_Z—'?S)_O) = (Zzone 2 T 2 ohms)

The terms used in. this formula are defined as fol-
lows:

71,0 = the desired ohmic forward reach of the relay

TS
Z, "1 tM = the tap plate setting :Z,A = Z¢c

"

T compensator tap value

S Auto-transformer primary tap value

6@ = Maximum torque angle setting of the relay

. o Sin & =1
(For a factory setting of 75° then Sin 75° .

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
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).

Reverse reach is calculated by the formula:
Ziro ~¥3Zo— 1370

Terms used in this formula are defined as follows:

Z1R O = The desired ohmic reverse reach of the
relay at & degrees maximum torque angle
setting

(Sin 0)

Z 9:
B B " sin 75°)

7. =( TB/ + Tp) 8
1tM
TB/+ Tg = compensator tap value
Zr, 6,8 &M ~ same as in forward reach formula.

Sample Calculations

An optimum forward setting can be obtained by
the following procedure.

1. Determine the desired forward reach, Zy 8,
which is (Z e 9 T 2 ohms). Note that 2
ohms is a rule-of-thumb value selected as a
safe margin for identifying a system swing
and is not influenced by the magnitude of

Z zone 2°

9. Select the lowest tap, S, which gives a
product of 10S greater than Z; where

=g (Sin 75 °)
LT 26 Em ey )
3. Select a value for T that is nearest the

value Zp . This will be the setting for Ty
S
and TC.

4. Determine the value of M that will most near-
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ly make M = Zs — 1. If the sign is negative,
L

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

For example, assume the desired value of Zf, g
to be (7 *+ 2) = 9 ohms at 60 degrees.

1. Then Z;, = 9 X (0.966) = 19 ¢ ohms
(0.866)
2. The lowest tap S for 6.9 S greater than 10.0
is § = 2.

3. T nearest to —120—: 5 is 5.5 (The next lower

tap might have been selected but the highest
possible T tap is preferred).

4. M =50 1=0.10 (Use M = .09)

Check the setting calculations.

- 55x2 -
ZL W 10.1 ohms
— (.866) —
Z 10.1 & = 9.05 relay ohms
Lo (.966)

at a maximum torque angle setting of 60
degrees. This is 100.4% of the desired
value.

An optimum reverse setting can be obtained by the
following procedure.

1. Solve for Zg where Zg = Zgg SR 13°)
' B B~ ZBY (§in 0)

2o T V22,9 t 3/2Z1Re

2. Solve for (Tg + Tg) where (T + Tg) =

Zgp (1 £ M)
S

3. Select the highest possible value for Té and
set the remaining portion on the closest val-
ue of TB-

For example assume the desired value of Z pg to
be 2 ohms at 60 degrees (Z; g has already been
established as 9 ohms at 60 degrees).

h -9 ,3x2 0.966
L ThenZg = (5 775 X 5 s66

=7.5 x 1.11 = 8.36 ohms

2. (T + Tp) =836 X 1.09 =4 56 ohms

3. Highest possible value for TB ~3.6 and Tg =
4.56 — 3.6 =0.96 (Use Ty = .9)

_(Bhﬁ':_()%)_x 2 =8.24 ohms

ZBt9 - 8.24 (—gﬁ) = 7.4 ohms

p=2%XT4_ 9.05 =(4 95-302) =1.93

Z
LR 3 3 ohms.

SETTING THE RELAY

The K8 relay requires settings for each of the
three compensators (Ta, Tp-TR, and T¢), each of
the two auto-transformers, primaries (Sa and S¢) and
secondaries (Mj and M), and the balancing resistor
Rp 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 above the operating unit.

Compensator (Tp, Tg - Tg, and T¢)

Each set of compensator taps terminate in in-
serts which are grouped on a socket and form ap-
proximately three quarters of a circle around a cen-
ter 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 (SA and 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 connector screw, (Figure 8).

An ‘S’ setting is made by removing the connec-
tor screw, placing the connector in position over the

Eaa
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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 (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 -.18 to +.18 in steps of .03. The value of
a setting is the sum of the numbers that are crossed
when going from the R lead position to the L lead
position. The sign of the ‘‘M’’ value is determined
by which lead is in the higher position on the tap
plate. The sign is positive (*) is the L lead is high-
er and negative (-) if the R lead is higher.

An ‘“M’’ setting may be made in the following
manner. Remove the connector screws so that the L
and R leads are free. Determine from the following
table the desired ‘“M’' value. Neither lead connector
should make electrical contact with more than one
tap at a time.

Tabulated Settings

Line Angle Adjustment

Zns5° M L Lead R Lead
.85 TS +.18 .06 0
87 TS +.15 .06 .03
.89 TS +.12 .09 0
92 TS +.09 .09 .03
94 TS +.06 .06 .09
97 TS +.03 .03 0
TS 0 0 0
1.03 TS - .03 0 .03
1.06 TS - .06 .09 .06
1.10 TS = .09 .03 .09
1.14 TS -.12 0 .09
1.18 TS -.15 .03 .06
1.22 TS -.18 0 .06
Rp Settings

Rp is a circuit balancing resistor. The Rp tap
setting should be the same as Sp and Sc settings.

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-
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
adjusting the compensator loading resistors Rgap,
Rop, and Rac. Refer to the section titled Calibra-
tion when a change in maximum torque angle is de-
sired.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration and heat. Mount
the relay vertically by means of the mounting stud
for the type F'T projection case or by means of the
four mounting holes on the flange for the semi-flush
type FT case. Either the stud or the mounting
screws may be utilized for grounding the relay. The
electrical connections may be made directly to the
terminals by means of screws for steel panel mount-
ing or to the terminal stud furnished with the relay
for thick panel mounting. The terminal stud may be
easily removed or inserted by locking two nuts on
the stud and then turning the proper nut with a
wrench.

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

RECEIVING ACCEPTANCE

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

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

9. An electrical test to make certain that the relay
measures the balance point impedance accurate-

ly.

Check the electrical response of the impedance
unit by using the test connections shown in Figure
9. Set Ta and Tc for 8.2; Tg t Ty for 7.20; SA,
Sc, and Rp for 1; Ma and Mc for +.18.
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A. Use connection for Test No. 4 and adjust
the voltage between PH.1 and 1F and between PH.2
and 2F for 40 volts each so that the resultant volt-
age Vipop equals 40 volts (120-40V-40 .= 40V).

B. The current required to make the cylinder
unit contacts open should be between 2.88 and 2.98
amperes at an angle of 75 ° current lag.

C. Repeat B while using connections for Test
No. 5 and Test No. 6. The difference in values of
current that make the contacts close for each of the
three test connections should not be greater than
4% of the smallest value.

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

Check the time-delay unit by applying rated D.C.
voltage across terminals 18 and 20. Opening the
cylinder unit contacts should cause the telephone
type relay to pick up. It should drop out when the
cylinder unit contacts close.

ROUTINE MAINTENANCE

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

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

Electrical Checkpoints

A. Cylinder Unit

Using the connections for Tests Nos. 8 and 9 of
Figure 9 set the phase shifter so that the current
lags voltage by &°. The current required to open
the contacts should be within the limits specified
for each voltage. Note that for the forward reach,
connection 8, the impedance measured by the relay
Zr, = VL - L. Reverse reach, connection 9, mea-

2ap,
sured by the relay in this test is

10

Vi _
L-L 1/3 Zy,. Here V, _p, is phase-to-
L

AR g

phase voltage and Iy is phase current.

VOLTS AMPERES (6= 75°)8& 1
TEST
NO. ViF2F [ I
& VaF3F " e
40 2.80 3.0
8 80 5.75 6.90
40 5.75tt 5.9 1
9 80 11.4 12.0

1t Phase Angle Meter Set for & +30°

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

lated above by the ratio sin 75 °
sin

Note that Tests Nos. 8 and 9 are artificial methods
of checking the forward and reverse balance points.
These tests require a polyphase voltage supply and
only a single-phase current.

Referring to vector diagrams of Figure 10, one
can see how the forward and reverse balance points
are determined with a balanced three-phase current.
Comparing this to the artificial single-phase current
method in Figure 11 it is obvious that a similarity
exists between the two. This similarity makes it
possible to accurately check the relay balance
points using a single-phase current at the relay
maximum torque angle only.

The circle characteristics of Figure 5 cannot be
checked using a single phase current. A polyphase
current is required, with test connections as per
Test No. 7 Figure 9, to plot the characteristic cir-
cle. The reach of the relay for this connection is

V
y= L-L Ohms.
NERSS

REPAIR CALIBRATION

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments disturbed.
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Connect the relay for testing as shown in Figure
9. The four-pole-double-throw switch shown in the
test circuit, selects the type of voltage condition,
that will be applied to the relay voltage terminals.
The rotary switch switches the fault voltage to
various terminals and thereby provides a number of
test combinations without the tester having to change
connections or readjust the phase shifter and vari-
able auto-transformers.

For best results in checking calibration, the
relay should be allowed to warm up for approximate-
ly 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 connec-
tions of Figure 9, and following the procedure out-
lined below.

Set Sp and Sc on tap number 3. Set the ‘“R”
leads of Mp and Mc all on 0.0 and disconnect the
“L’ leads. Adjust the voltages Vipaop and Vopsp
for 90 volts. Measure the voltage from terminal 8 to
the #1 tap of Sa. It should be 30 volts. From 8 to
the #2 tap of 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 Sp and Sc on 1 and adjust Vipgp and
Vomsgp for 100 volts. Measure the voltage drop from
terminal 8 to each of the MA taps. This voltage
should be equal to 100 (1 + the sum of values be-
tween R and the tap being measured). Example:
100 (1 + .03 * .09) ~ 102 volts.

Check the taps of Mg 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:

TA and TC set on 8.2; TH-Tp for 7.20
SA, RB, and Sc set on 1
“R’’ for MA and Mc set on 0.0

«“1,’* for Mg and Mc set in the top position
(.03 + .09 + .06 =.18 between L. & R).

Cylinder Unit:

A. Rough Adjustment of RyaA and RMC

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

1. Using connections for test #1 of Figure 9 ad-
just brush #1 so that Vipop = Vg = 0. Ad-
just brush #2 for rated voltage across termi-
nals 8 & 9. Adjust R so that the contact
floats or has a minimum or 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 9, adjust brush #2 so
that Vopgp — 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
upset the calibration of the resistors Rya and RMc.

Therefore, the Rya and Ry calibration should be
checked after any change in the maximum torque
angle. If there is an indication that the Rpma and
RMmc adjustments should be changed due to a max-
imum torque angle adjustments re-calibration can be
accomplished by adjusting Rg only.

1. Use the No. 1 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 Vapgp for 50
volts with Brush No. 1 and Brush No. 2 re-
spectively.

3. Adjust the current 10 amperes and rotate the
phase shifter to find the two angles, ¢ 1 and
@ 2, at which the contacts just open. The

maximum torque angle € then is (9_1.§i2—

- 30) degrees.

This angle should be between 73° and 76 ° when
received from the factory.

4. The angle O can be changed by adjusting
Roa. A lower value of resistance gives a

n
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smaller angle and a higher resistance value
gives a greater angle.

5. Use the No. 2 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

RoB.

6. Use the No. 3 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.

C. RmA and Ry Calibration

These components, RMA and Ryc, are adjusted
so that their respective circuits have the same im-
pedance angle as the circuit of the tapped resistor
RB. These adjustments can be checked by simula-
ting all three combinations of phase-to-phase faults,
1-2, 2-3 and 3-1, as shown in the test circuit Figure
9. Each value of current required to trip the top cy-
linder unit for each of the three conditions should be
within 4% 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 Rya or Ryc can cause the spread in current
values to increase to more than 10%.

1. Connect the relay for a 1-2 fault as indicated
for Test No. 4.

2. Adjust the voltage between PH.1 and 1F and
between PH.2 and 2F for 55 volts each using
Brush No. 1 and Brush No. 2 respectively.
This will provide 10 volts between 1F and
2F (V{poF = 120 - 55.0 - 55.0 = 10 volts).

3. Adjust the phase shifter for 0 degrees be-
tween load current and Vpy.1-PH.92.

4. With load current set for 0.87 amperes, ad-
just RmA so that the cylinder unit contacts
just open.

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

6. Determine the current value at which the
contacts open for a 3-1 fault using Test No.
6. If the 3-1 fault current is greater than 0.87
amperes then Rpp is too low and Ry is
too high.

12

7. Increase RpA a slight amount and reduce
RMmc an equal amount until the contacts just
open for 0.87 amperes.

8. Check the current required to close the con-
tacts for Tests Nos. 4, and 5. 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. 4 and 5.

determined in steps 8 and repeat steps 1
through 8. At first there may be an over-
correcting or pendulum action as one bal-
ances the RyaA and Ry resistors. However,
with a little experience 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
connected to 3F and Brush 2 is connected to
1F.

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

E. Contact Adjustment

With the moving-contact arm against the left-
hand side of the bridge, screw the right-hand con-
tact in to just touch the moving-contact. Then back
the contact out one (1) full turn to give approximate-
ly 0.032 inch gap.

The cylinder unit is now calibrated and should
be accurate to within + 3% of the corrected tap
value setting over the range of voltages from 60
VL-L, to 120 VL.-1,. The corrected tap value is the
actual relay reach at a given maximum torque angle

0 and is equal to Zg = —LS sin 6’0
(1 £ M) (sin75°)

Compensator Check

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

A. Set Ta and Tc on the 8.2 tap, TB-TR on
7.20 tap.

B. Disconnect the ‘‘I’’ leads of sections Mp
and Mc and the brush leads of R2aA, RoB,

and Roc.

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

D. Measure the compensator voltage Vg with a
high resistance voltmeter 2000 ohm/volt as
tabulated below. Refer to Figure 1 for the
location of Rga, Rop, and RaC-

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

TABLE

- Measure VC
From To Fixed Voltmeter Read.
Terminal End of

“L’ of M R - sin (9
A 2A Vo = IT W)

8 Rop = 85.0 volts

0 =90°
“L** of Mg Roc ( 90 )

Telephone Relay

With the cylinder unit contacts open, energize
the telephone relay through terminals 18 and 20
with rated D-C voltage and measure the time re-
quired for the contacts to open between terminals
4 and 5. This operating time should be between
three and four cycles, (50 and 66 milliseconds). The
operating time can be adjusted by bending the con-
tact-springs located at the top left-hand side of the
OS unit and by changing the armature gap.

Therelay is now calibrated and ready for service.

1

NOMENCLATURE FOR TYPE KS RELAY

ITEM DESCRIPTION
ZOs Two Element-Coils; Total D.C. Resistance =~ 560 to 605 ohms
Rpma & Rye 3% Inch Resistor ~ 1000 ohms Adjustable
Rp 2 Inch Resistor — Fixed-adjustable Taps at 15 & 35 ohms;

adjustable 35 to 350 ohms

Roa, Rop, Ry | 2 Inch Resistors - 200 ohms Adjustable

CZA’ Coc 1.6 MFD Capacitors

TA, Tc Compensator (Primary Taps - .6; 1.02; 1.65; 2.46; 3.68; 5.5;
8.2)

T-Tg Compensator (Primary Taps - T ~ 3.6; 4.86; 6.12
Tg = 0; .18; .36; .54; .72; .90; 10.8

S,A, Sc Auto-Transformer (Primary Taps - 1; 2; 3)

MA, Mc Auto-Transformer (Secondary Between Taps - 0.0°”, .03; .09
.06)

Os Telephone Type Relay - D.C. Resistance =475 to 525 ohms

13
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ENERGY REQUIREMENTS

VOLTAGE BURDEN
TAP | (CURRENT) = 0 69VL-N 3¢ S =1
SETTING PHASE A PHASE B PHASE C
M V.A. WATTS VARS V.A. WATTS VARS V.A. WATTS VARS
-.18 3.38 1.65 3.76 3.44 3.44 4.86 1.78 2.64 3.18
-.15 3.58 1.68 3.96 3.66 3.54 5.10 1.89 2.15 3.32
- .12 3.82 1.70 4.16 3.90 3.66 5.35 2.08 2.93 3.60
- .09 4.02 1.71 4.36 4.24 3.80 5.70 2.28 3.13 3.88
- .06 4.18 1.72 4.50 4.45 3.86 5.70 2.34 3.20 3.75
-.03 4.45 1.72 4.77 4.74 3.2 6.20 2.55 3.38 4.20
0 4.70 1.77 5.00 5.05 4.07 6.50 2.72 3.50 4.40
+.03 4.85 1.83 5.20 5.20 4.20 6.65 2.90 3.62 4.62
+.06 5.10 1.85 5.40 5.4 4.34 6.94 2.98 3.76 4.86
+.07 5.30 1.88 5.65 5.6 4.43 7.20 3.30 3.86 5.10
+.12 5.55 1.97 5.90 6.0 4.55 7.56 3.50 3.96 5.30
+.15 5.70 2.0 6.05 6.3 4.60 7.80 3.65 4,10 5.50
+.18 6.00 2.06 6.35 6.6 4.80 8.15 3.88 4.30 5.80
VOLTAGE BURDEN
TAP I (CURRENT) =0 69VL.N 3¢ $=2
SETTING PHASE A I PHASE B PHASE C
M V.A. WATTS VARS V.A. WATTS VARS V.A. WATTS VARS
- .18 .815 .174 .835 .95 606 1.11 515 .56 .76
- .15 .885 .181 .90 .98 .64 1.17 .56 .59 .815
~-.12 .93 .185 .745 1.04 .67 1.23 .60 .625 .87
- .09 .98 .188 1.00 1.12 .69 1.29 .64 .67 91
- .06 1.02 .191 1.04 1.17 725 1.37 .68 .68 .97
-.03 1.09 .198 1.11 1.25 .71 1.45 .735 .72 1.03
0 1.17 .202 1.18 1.30 .79 1.53 775 .75 1.08
+.03 1.23 .206 1.25 1.37 .815 1.6 .82 .78 1.13
+.06 1.31 .209 1.32 1.44 .84 1.67 .865 .80 1.18
+.09 1.38 .212 1.39 1.53 .89 1.77 .925 .84 1.25
+.12 1.42 .210 1.43 1.59 915 1.84 .98 .885 1.32
+.15 1.46 .204 1.47 1.66 .94 1.90 1.03 .91 1.38
+.18 1.51 .204 1.53 1.73 .965 1.09 1.09 .94 1.44
VOLTAGE BURDEN
TAP I (CURRENT) =0 69VL.N 3¢ $=3
SETTING PHASE A PHASE B PHASE C
M V.A. WATTS VARS V.A. WATTS VARS V.A. WATTS VARS
-.18 .344 .112 .36 .394 .25 .47 .218 .243 .326
-.15 .360 .113 .376 .42 .258 .48 .234 .255 .348
-.12 .384 .119 .40 .44 .268 .515 .25 .27 .368
- .09 " .400 .121 .425 .47 283 .55 .266 .28 .386
- .06 .420 .125 .445 .49 .294 575 .285 .294 .41
- .03 .45 .128 .465 .52 .304 .60 .30 .304 .43
0 .465 .131 .485 .55 .318 .635 .32 .324 .455
+.03 .495 .134 .514 .57 .326 .66 .335 .33 .47
+.06 .520 .137 .535 .61 .34 .695 .358 .346 .50
+.09 .540 .138 .555 .63 .348 .72 .376 .36 .52
+.12 .568 .141 .580 .66 .358 .75 .395 .37 .54
+.15 .595 .144 .615 .68 .37 .78 415 .38 .56
+.18 .625 .146 .640 .12 .385 .82 .44 .394 .575

14
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CURRENT BURDEN
= = OO
TAP M=0 s=1 120 VL - 5 AMPERES A0° 3¢
SETTING PHASE A TAP PHASE B TAP PHASE C
TA Impedance [Resistance|Reactance SETTING Impedance |[Resistance|Reactance SETTING ImpedanceResistance|Reactance
. Ts *T§ Tc
YA R iX z R 1 X z R 1 X
.6 .018 017 .003 0 +3.6 .120 .031 .116 .6 .014 .0137 .00009
1.02 .030 .029 .008 .18 +3.6 .124 .036 .118 1.02 .020 .020 .00007
1.65 .044 .041 .014 .36 +3.6 .132 .049 122 1.65 .040 .040 .00014
2.46 .068 063 .025 .54 t4.86| .200 .149 .134 2.46 .058 .058 .008
3.68 .120 .110 .051 .72 t4.86 | .216 .165 .216 3.68 .096 .945 .0184
5.50 .190 .168 .088 .90 t4.86| .240 .190 .148 5.50 .164 157 .0425
8.20 .330 .286 .165 1.08 +6.12| .320 .270 175 8.20 .300 .286 .092
CURRENT BURDEN
M=0 s=1 0 VL - 5 AMPERES £0° 3¢
TAP 120 VL -L /0
SETTING PHASE A TAP PHASE B TAP PHASE C
TA Impedance |Resistance{Reactance STETII:’G Impedance [Resistance| Reactance SE_;_TTING Impedance|Resistance| Reactance
C .
z R iX B B z R iX YA R iX

.6 .0136 .013 .004 0 t3.6 .064 .0595 .026 .6 .0102 .010 .0023
1.02 022 .0214 .005 .18 3.6 .070 .064 .0285 1.02 .0134 .0133 .0016
1.65 .038 .036 .0046 .36 t3.6 .076 .0695 .031 1.65 .023 .023 .0012
2.46 .047 .045 .0016 .54 +4.86 | .126 115 .051 2.46 .036 .0245 .0037
3.68 .068 0675 .0083 .72 14.86 | .134 .123 .0545 3.68 .064 .063 .0134
5.50 .124 .120 .029 .9 1t4.86 | .144 .132 .058 5.50 .112 .106 .0366
8.20 .220 .210 .068 1.02 +6.12 | .200 .187 .069 8.20 .210 .192 .085

15
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Fig. 8. Vector Diagrams of the Forward and Reverse Balance Point Conditions for Type KS Relay.
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Fig. 9. Vector Diagrams of the Artificial Forward and Reverse Balance Point Conditions when testing with Single Phase
Current for Type KS Relay.
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INSTALLATION

Westinghouse 1.L. 41.492.1A
OPERATION o

INSTRUCTIONS

MAINTENANCE

TYPE KS OUT-OF-STEP BLOCKING RELAY
0.51-30 OHMS

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 KS Relay (Figure 1) is a polyphase compen-
sator distance type relay used with the type KD
distance relay to prevent tripping while out-of-step
or out-of-synchronism conditions exist on the sys-
tem. It does not prevent or delay the type KD relay
from tripping on phase-to-phase faults within its
protective zone that occur during the out-of-step
condition.

CONSTRUCTION

The type KS Blocking Relay consists of three
air-gap transformers (compensators), two tapped
auto-transformers, a cylinder type operating unit, and
a time-delay telephone type relay, all mounted in the
type FT32 relay case.

Compensator

The compensators which are designated as Ta,
TB-Tg, and T, are two-winding air-gap transform-
ers, (Figure 2). The primary, or current winding, has
seven taps which terminate at the tap block. Ta and
Tc are marked 0.6, 1.02, 1.65, 2.46, 3.68, 5.5 and
8.2. T-Ty can be set from 3.6 ohms to 6.12 ohms
in steps of 0.18 ohms. Current flowing through the
primary coil provides an MMF which produces mag-
netic 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.

SUPERSEDES I.L. 41-492.1

*Denotes change from superseded issue.

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 resis-
tor between its minimum and maximum values re-
spectively or for 89° by open circuiting the resis-
tor. The factory setting is for a maximum torque
angle of 75 ° current lagging voltage.

Avuto-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
mday be connected additively, or subtractively to
inversely modify the S setting by any value from
-18 to t18 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 be-
tween taps are 0, .03, .09, and .06.

The auto-transformer makes it possible to ex-
pand the basic range of the compensators by a

multiplier of ] EM Therefore, any relay ohm set-

ting can be made within * 1.5 percent from 0.51
ohms to 30 ohms by combining the compensator
taps Ta, TB-Tg, and T¢ with the auto-transformer

taps SaA and Ma, and Sc and Mc,

EFFECTIVE DECEMBER 1967
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Fig. 2. Compensator Construction Fig. 3. Internal Schematic of the Type KS Relay in FT32
Case.
Cylinder Unit locating pins are used to accurately position the

The device which acts to initiate blocking is a
four-pole cylinder unit which is connected open
delta and operates as a three-phase induction motor.
Contact-closing torque is produced by the unit when
the voltage applied to its terminals has a positive-
phase sequence. Contact-opening torque is produced
when negative-phase sequence voltages are ap-
plied. Hence, the cylinder unit has restraint or oper-
ating 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. The bearing can be replaced, if neces-
sary, 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, and two locating pins. 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 alum-
imum cylinder assembled to a molded hub which
holds the shaft. The shaft has removable top and
bottom jewel bearings. The shaft rides between the
bottom pin bearing and the upper pin bearing which
is adjusted to .025 inch from the top of the shaft
bearing. The cylinder rotates in the air gap formed
by the electromagnet and the magnetic core. The
stops for the moving element contact arm are an
integral part of the bridge.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to hold-
ing the upper pin bearing, the bridge is used for
mounting the adjustable stationary contact housing.
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 at-
tached to the moving contact arm by a spiral spring.
The spring adjuster is also held in place by a spring
type clamp.
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Fig. 5. Relay Characteristic on an R-X Diagram.

When the ZOS contacts, shown in Figure 3,
close, the electrical connection is made through the
stationary contact housing clamp, to the moving
contact, through the spiral spring out to the spring
adjuster clamp to short-circuit the telephone type
relay coil, OS. When operating torque causes the
contacts to open, then the short-circuit is removed
from across OS, permitting it to become energized.

Telephone Relay

The telephone-type relay unit, OS, is a slow-to-
operate type. An electromagnet attracts a right-angle
iron bracket which in turn operates a set of make-
and-break contacts. The delay in operation is ob-
tained by a copper slug which acts as a lag coil
and delays the build-up of magnetic lines of force in
the core.

When the telephone-type relay is energized, by
the opening of the cylinder unit contacts, it opens
its several sets of contacts which are normally
connected in series with the KD relay three-phase
unit contacts, and thus prevents completing the trip
circuit during an out-of-step condition (Figure 4).

OPERATION

One fundamental difference between a three-
phase fault and an out-of-step or out-of-synchronism

condition is that a fault suddenly reduces the volt-
age and increases the current, whereas during the
approach of an out-of-step condition, the voltage and
current changes are comparatively gradual. When
the line impedance to the apparent fault (Zp) is less
than the compensator setting (Z¢), [Zc becomes
greater than the line voltage drop to the fault. This
reverses the compensated voltage and thereby re-
verses the phase sequence of the voltage applied to
the relay, and contact-opening torque is produced in
the cylinder unit. Under out-of-step conditions, the
apparent impedance measured by the relay anywhere
near the electrical center starts at a high value,
gradually decreases to a much lower value, and then

gradually increase again to a higher value, and thus

the system goes through a complete beat oscillation.
On the other hand, if the disturbance is a fault, the
impedance seen by the relay will suddenly drop to a
much lower value, and then either retain this value
or slightly increase due to the effects of fault re-
sistance, until the fault is cleared.

The KS relay takes advantage of the distinction
between a fault and an out-of-step condition. Under
out-of-step conditions, the KS relay will operate
followed after a short time delay by zone 2 KD relay,
as the apparent short circuit drifts toward the relay.
In case of a fault, the KS as well as one or two Zone
relays may be operated but if more than the KS relay
is to operate, the other will operate within a very
short time, and will not follow the sequence des-
cribed for an out-of-step condition.

Blocking Unit

The four-pole cylinder unit which acts to ini-
tiate blocking for an out-of-step condition is con-
nected open delta and operates as a three-phase
induction motor. Contact closing torque is produced
by the unit when the voltage applied to its terminals
has a positive-phase sequence. Contact-opening
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 term-
inals.

Compensator

Sensitivity to the out-of-step condition is pro-
vided by compensators designated as Tp, TR, and
Tc in Figure 3. Each compensator is proportioned
so that its mutual impedance, Zc, has known and
adjustable values from T = 0.51 ohm to T =8.2

% ohms in 36 percent steps. Compensator mutual im-
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pedance Zc is defined .as the ratio of secondary
induced voltage to primary current and is equal to T.
The secondary (voltage) winding of the compensator
is in series with the applied voltage and vectorially
subtracts a value from the applied voltage which is
proportional to 1Z. where I is the relay current.
When the line impedance to the electrical center or
to a fault (ZF) is less than the compensator setting
(Z¢), 1Zc becomes greater than the line voltage drop
to the electrical center or fault. This reverses the
phase sequence of the voltage applied to the relay,
and contact-closing torque is produced in the cylin-
der unit.

CHARACTERISTICS

Referring to Figure 5, the scheme of operation is
described below. The impedance circle of the relay
is set to encircle the second zone KD relay three-
phase unit. The difference between the two circles
provides a margin in ohms sufficient to give the
telephone-type relay time to operate before the
swing condition enters the characteristic circle of
zone 2 after having entered the circle of the KS
relay. The telephone-type relay will open, within 3
to 4 cycles. Its OS contacts located between the

% and%s_terminals shown in the trip circuits sec-

tion of Figure 4. Thus all of the OS contacts oper-
ate to block tripping and also to prevent the short-
circuiting and de-energizing of the OS coil as the
zone 2 contacts close. When zone 2 operates before
08, as it does for a three-phase fault condition, a
short-circuit across the coil, OS, is completed
through the KD relay, and OS is not energized even
though the ZOS contacts do open.

General Characteristics

Impedance settings in ohms reach can be made
for any value from .51 ohms to 30 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 out-
put V, is largest when V leads the primary current,
I, by 90°. This 90 ° relationship is approached, if
the compensator loading resistor (R2A, Rog 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 induced voltage, ITy, ITg or IT. 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. 8 are based upon a 75°
compensator angle setting. If the resistors Roa,
R2B and Ro~ are adjusted for some other maximum
torque angle the nominal reach is different than in-
dicated by the taps. The reach, 2, varies with the
maximum torque angle, &, as follows:

TS sin &

zOg=_1ss8mmou
(1 £ M) sin75°

TAP PLATE MARKINGS

(TA and Tc)
.6 1.02 1.65 2.46 3.68 5.5 8.2
(Tg)
0 .18 .36 .54 .72 .9 1.08
TR
3.6 4.86 6.12
(SAy sc: RB)
My, M)

+ Values between taps .03 .09 .06

Current Circuit Rating in Amperes

Tap Setting Continuous 1 Second
8.2 5 240
5.5 7 240
3.68 10 240
2.46 10 240
1.65 10 240
1.02 10 240

.6 10 240

Burden_

The burden which the relays impose upon poten-
tial and current transformers in each phase is shown
in Table II and Table III. The potential burden and
burden phase angle are based on 69 volts line-to-
neutral applied to the relay terminals.

SETTING CALCULATIONS

The type KS relay requires an ohm setting high
enough so that its impedance circle completely sur-
rounds the impedance circle of the zone 2 KD relay
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three-phase unit with a 2 ohm margin. The angle of
maximum torque should be the same as that of the
KD relay. The forward-looking reach Zq, is equal to
the setting Z A and Zc.

- - - T8
ZL ZA ZC (TEM

(Sub-letters refer to the T,A and T compensators.)
The backward reach Z1,R is a function of both Zg
and Zy, where

7, =(TE ¥ Tp) §
(1T,

When the proper value of Zp,r 1s detemined
(usually 2 ohms) then the setting for Zp can be
calculated.

Zg = 1/221, * 3/2Z1

The S & M settings of the auto-transformer are
determined in the setting of the forward reach.

At the line angle in the forward direction, the
ohmic difference, Zpp will generally be set for two
ohms. When the two circles are concentric, the
backward reach, Zi g 1s equal to ZDF. The for-
ward reach, Zy,, can be set up to 30 ohms. The
reverse reach, ZLR' can be set at most any prac-
tical value with the best coverage at two ohms.

Calculations for setting the KS relay are straight-
forward and apply familiar principles. Assume a
desired balance point which is 2 (relay) ohms
greater than the second-zone impedance-relay set-
ting. The general formula for setting the ohms for-
ward reach of the relay is:

(8in 0)

= = +
Zi,0 = 2, SN (Zzone 2 T 2 ohms)

The terms used in this formula are defined as fol-
lows:

Zp,6 = the desired ohmic forward reach of the relay

TS
—I—iIW: the tap plate setting :Z.A = Zc

T compensator tap value

1l

S Auto-transformer primary tap value

@ = Maximum torque angle setting of the relay

. ° Sin (9 =1 )
(For a factory setting of 75~ then Sin 5° .

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).

Reverse reach is calculated by the formula:
ZLR9 ~23Zgo— V37,6

Terms used in this formula are defined as follows:

Z1R O = The desired ohmic reverse reach of the
relay at & degrees maximum torque angle
setting

(Sin )

Z =2z
BO B (Sin 75 °)

7 =(TE + Tp) 8
1+M

TB/+ T ~ compensator tap value

Zr, 9,8, &M ~ same as in forward reach formula.

Sample Calculations

An optimum forward setting can be obtained by
the following procedure.

1. Determine the desired forward reach, ZL6,
which is (Z ,4pe o + 2 ohms). Note that 2
ohms is a rule-of-thumb value selected as a
safe margin for identifying a system swing
and is not influenced by the magnitude of

z zone 2°

2. Select the lowest tap, S, which gives a
product of 10S greater than Z7, where

=z (8in 75 °)
7, L0~ (&n gy
3. Select a value for T that is nearest the

value Zp,. This will be the setting for Ta
S
and TC'

4. Determine the value of M that will most near-
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1y make M :%i— 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 value of Z1 g
to be (7 T 2) = 9 ohms at 60 degrees.

1. Then z; = 9 x(0:966) = 10,0 ohms
(0.866)
2. The lowest tap S for 6.9 S greater than 10.0
is 8 = 2.

3. T nearest to -120— = 5 is 5.5 (The next lower

tap might have been selected but the highest
possible T tap is preferred).

4. M :%8—— 1 ~=0.10 (UseM = .09)

Check the setting calculations.

- 55x2 -
21, = TF o9 10.1ohms
= (.866) —
Z 10.1 = 9.05 relay ohms
L& (.966)

at a maximum torque angle setting of 60
degrees. This is 100.4% of the desired
value.

An optimum reverse setting can be obtained by the
following procedure.

(Sin 75°)

1. Solve for Zp where Zg = Zpp (SHIT

Zpo = 1/221,9 * 3/2ZR0
2. Solve for (T{ + Tg) where (T + Tg) =

Zg (1 +M)
S

3. Select the highest possible value for T and
set the remaining portion on the closest val-
ue of T, :

For example assume the desired value of Z1,Rr6 to
be 2 ohms at 60 degrees (ZL<9 has already been
established as 9 ohms at 60 degrees).

-9 ,:3x2 0.966
. Th =9+ _0.966
1. Then Zg = (§ 52 X —aee

=7.5 x 1.11 = 8.36 ohms

2. (Tg + T) =8:36 X 1.09 =4 56 ohms

3. Highest possible value for T§ = 3.6 and Tg =
4.56 — 3.6 —0.96 (Use Tg = .9)

7 = (3.6 +'9)X2:8.2 ohm
B —1¥.09 4 ohms

Zpp = 8.24 (:388) = 7.4 ohms

Zypo = 2X 74— 905 =(4.95-3.02) =1.93
3 3 ohms.

SETTING THE RELAY

The KS relay requires settings for each of the
three compensators (Ta, Tg-Tgr, and Tg), each of
the two auto-transformers, primaries (Sa and S¢) and
secondaries (Ma and Mc), and the balancing resistor
Rp 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 above the operating unit.

Compensator (T, Tg - Tg, and T¢)

Each set of compensator taps terminate in in-
serts which are grouped on a socket and form ap-
proximately three quarters of a circle around a cen-
ter 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 (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 8).

An “‘S”’ setting is made by removing the connec-
tor screw, placing the connector in position over the

P
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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 (Mg 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 -.18 to t+ .18 in steps of .03. The value of
a setting is the sum of the numbers that are crossed
when going from the R lead position to the L lead
position. The sign of the ‘“M’’ value is determined
by which lead is in the higher position on the tap
plate. The sign is positive (1) is the L. lead is high-
er and negative (~) if the R lead is higher.

An ‘““‘M’’ setting may be made in the following
manner. Remove the connector screws so that the L
and R leads are free. Determine from the following
table the desired ‘‘M’’ value. Neither lead connector
should make electrical contact with more than one
tap at a time.

Tabulated Settings

Line Angle Adjustment

Z75° M L Lead R Lead
.85 TS +.18 .06 0
.87 TS +.15 .06 .03
.89 TS +.12 .09 0
.92 TS +.09 .09 .03
.94 TS +.06 .06 .09
.97 TS +.03 .03 0
TS 0 0 0
1.03 TS - .03 0 .03
1.06 TS - .06 .09 .06
1.10 TS - .09 .03 .09
1.14 TS -.12 0 .09
1.18 TS -.15 .03 .06
1.22 TS -.18 0 .06

Rp Settings

Rp is a circuit balancing resistor. The Rp tap
setting should be the same as Sp and Sc settings.

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-
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
adjusting the compensator loading resistors Roja,
Rog, and Rgc. Refer to the section titled Calibra-
tion when a change in maximum torque angle is de-
sired.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration and heat. Mount
the relay vertically by means of the mounting stud
for the type F'T projection case or by means of the
four mounting holes on the flange for the semi-flush
type FT case. Either the stud or the mounting
screws may be utilized for grounding the relay. The
electrical connections may be made directly to the
terminals by means of screws for steel panel mount-
ing or to the terminal stud furnished with the relay
for thick panel mounting. The terminal stud may be
easily removed or inserted by locking two nuts on
the stud and then turning the proper nut with a
wrench.

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

RECEIVING ACCEPTANCE

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

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

2. An electrical test to make certain that the relay
measures the balance point impedance accurate-
ly.

Check the electrical response of the impedance
unit by using the test connections shown in Figure
9. Set Tp and T¢ for 8.2; T8 + Tg for 7.20; Sa,
Sc, and RB for 1; Ma and Mc for +.18.
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A. Use connection for Test No. 4 and adjust
the voltage between PH.1 and 1F and between PH.2
and 2F for 40 volts each so that the resultant volt-
age VipoF equals 40 volts (120-40V-40 = 40V).

B. The current required to make the cylinder
unit contacts open should be between 2.88 and 2.98
amperes at an angle of 75° current lag.

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

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

Check the time-delay unit by applying rated D.C.
voltage across terminals 18 and 20. Opening the
cylinder unit contacts should cause the telephone
type relay to pick up. It should drop out when the
cylinder unit contacts close.

ROUTINE MAINTENANCE

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

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

Electrical Checkpoints

A. Cylinder Unit

Using the connections for Tests Nos. 8 and 9 of
Figure 9 set the phase shifter so that the current
lags voltage by 9°. The current required to open
the contacts should be within the limits specified
for each voltage. Note that for the forward reach,
connection 8, the impedance measured by the relay

7, = bReverse reach, connection 9, mea-
2y,

sured by the relay in this test is

10

VL-L
= — 1/3 Z7 . Here Vy _7 is phase-to-
2R 5L L L-L
phase voltage and I is phase current.
VOLTS AMPERES (9= 75°) & t
TEST
NO. ViF2F i o
& Var3F
40 2.80 3.0
8 80 5.75 6.90
40 5.751t 5.9 Tt
9 80 11.4 12.0

t+ Phase Angle Meter Set for & +30°

+ To determine the limits of current when & is not
equal to 75°, multiply the nominal values tabu-

lated above by the ratio Sin 75 °
sin

Note that Tests Nos. 8 and 9 are artificial methods
of checking the forward and reverse balance points.
These tests require a polyphase voltage supply and
only a single-phase current.

Referring to vector diagrams of Figure 10, one
can see how the forward and reverse balance points
are determined with a balanced three-phase current.
Comparing this to the artificial single-phase current
method in Figure 11 it is obvious that a similarity
exists between the two. This similarity makes it
possible to accurately check the relay balance
points using a single-phase current at the relay
maximum torque angle only.

The circle characteristics of Figure 5 cannot be
checked using a single phase current. A polyphase
current is required, with test connections as per
Test No. 7 Figure 9, to plot the characteristic cir-
cle. The reach of the relay for this connection is

V= VL"L Ohms.
NER(R
REPAIR CALIBRATION

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments disturbed.
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Connect the relay for testing as shown in Figure
9. The four-pole-double-throw switch shown in the
test circuit, selects the type of voltage condition,
that will be applied to the relay voltage terminals.
The rotary switch switches the fault voltage to
various terminals and thereby provides a number of
test combinations without the tester having to change
connections or readjust the phase shifter and vari-
able auto-transformers.

For best results in checking calibration, the
relay should be allowed to warm up for approximate-
ly 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 connec-
tions of Figure 9, and following the procedure out-
lined below.

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

Set SpA and Sc on 1 and adjust Vipgp and
Vopsgp for 100 volts. Measure the voltage dropfrom
terminal 8 to each of the Ma taps. This voltage
should be equal to 100 (1 * the sum of values be-
tween R and the tap being measured). Example:
100 (1 + .03 t .09) — 102 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 injured and
should be replaced.

Settings

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

Ta and TC set on 8.2; TE-Tp for 7.20
SA, RB, and S¢ set on 1
“R’’ for MA and Mc set on 0.0

“L’" for Mg and MC set in the top position
(.03 .09 + .06 —.18 between L. & R).

Cylinder Unit:

A. Rough Adjustment of Ra and Ryc

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

1. Using connections for test #1 of Figure 9 ad-
just brush #1 so that Vipop = Vqg — 0. Ad-
just brush #2 for rated voltage across termi-
nals 8 & 9. Adjust Rg so that the contact
floats or has a minimum or 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 9, adjust brush #2 so
that Vopgp — Vgg = 0. Adjust brush #1 for
rated voltage across terminals 7 & 9. Adjust
RMC 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
upset the calibration of the resistors Rya and Ryc,

Therefore, the Ryya and Ry calibration should be
checked after any change in the maximum torque
angle. If there is an indication that the Rpya and
RMmc adjustments should be changed due to a max-
imum torque angle adjustments re-calibration can be
accomplished by adjusting Rp only.

1. Use the No. 1 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 Vap3p for 50
volts with Brush No. 1 and Brush No. 2 re-
spectively.

3. Adjust the current 10 amperes and rotate the
phase shifter to find the two angles, & 1 and
O 2, at which the contacts just open. The

maximum torque angle & then is (Ql_;_ﬁl
- 30) degrees.

This angle should be between 73° and 76 ° when
received from the factory.

4. The angle & can be changed by adjusting
Roa. A lower value of resistance gives a

1
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smaller angle and a higher resistance value
gives a greater angle.

5. Use the No. 2 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

Rog.

6. Use the No. 3 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.

C. RpmA and Rpyc Calibration

These components, Rya and Ry, are adjusted
so that their respective circuits have the same im-
pedance angle as the circuit of the tapped resistor
Rp. These adjustments can be checked by simula-
ting all three combinations of phase-to-phase faults,
1-2, 2-3 and 3-1, as shown in the test circuit Figure
9. Each value of current required to trip the top cy-
linder unit for each of the three conditions should be
within 4% 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 RMA or Ryc can cause the spread in current
values to increase to more than 10%.

1. Connect the relay for a 1-2 fault as indicated
for Test No. 4.

2. Adjust the voltage between PH.1 and 1F and
between PH.2 and 2F for 55 volts each using
Brush No. 1 and Brush No. 2 respectively.
This will provide 10 volts between 1F and
2F (Vipgp = 120 - 55.0 - 55.0 = 10 volts).

3. Adjust the phase shifter for & degrees be-
tween load current and Vpy,1-PH.2.

4. With load current set for 0.87 amperes, ad-
just RMA so that the cylinder unit contacts
just open.

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

6. Determine the current value at which the
contacts open for a 3-1 fault using Test No.
6. If the 3-1 fault current is greater than 0.87
amperes then Rya is too low and Rpyc is
too high.
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7. Increase RpyA a slight amount and reduce
Rpc an equal amount until the contacts just
open for 0.87 amperes.

8. Check the current required to close the con-
tacts for Tests Nos. 4, and 5. The values
should be equal to each other and to Test
No. 7 within t 3%.

9. If the currents are not equal + 3% then use
the average value for Tests Nos. 4 and 5
determined in steps 8 and repeat steps 1
through 8. At first there may be an over-
correcting or pendulum action as one bal-
ances the RMaA and Ry resistors. However,
with a little experience 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
connected to 3F and Brush 2 is connected to
1F.

2. Adjust the voltages Vipop and Vomp3p 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 con-
nections to normal with Brush 1 and 1F and
Brush 2 to 3F.

E. Contact Adjustment

With the moving-contact arm against the left-
hand side of the bridge, screw the right-hand con-
tact in to just touch the moving-contact. Then back
the contact out one (1) full turn to give approximate-
ly 0.032 inch gap.

The cylinder unit is now calibrated and should
be accurate to within + 3% of the corrected tap
value setting over the range of voltages from 60
VL-L to 120 Vi,.[. The corrected tap value is the
actual relay reach at a given maximum torque angle

0 and is equal to Zg = — LS sin 60
(1 £ M) (sin75°)

Compensator Check

Accuracy of the mutual impedance Zgc of the
compensators is set within very close tolerances at
the factory and should not change under normal con-

P,
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ditions. The mutual impedance of the compensators
can be checked with accurate instruments by the Measure V¢
n d tlined bel u instrumen Y From To Fixed Voltmeter Read.
procedure outlined below. Terminal End of
/ .
A. Set Tp and Tc on the 8.2 tap, T-Tg on “L” of My Roa Vo = IT ¢S50 }795
7.20 tap. sin
8 R = 85.0 volts
B. Disconnect the ‘“‘L’’ leads of sections Mp 2B
and Mc and the brush leads of Roa, - °
C 2A R2B7 e, OfMC R2C (6 =90 )
and Roc,
C. Connect terminals 13 to 15, 14 to 16 and Telephone Relay
pass 10 amperes a.c. current in terminal 17
and out of terminal 12. With the cylinder unit contacts open, energize
the telephone relay through terminals 18 and 20
D. Measure the compensator Voltage VC with a with rated D-C Voltage and measure the time re-
high resistance voltmeter 2000 ohm/volt as quired for the contacts to open between terminals
tabulated below. Refer to Figure 1 for the 4 and 5. This operating time should be between
location of Roa, Rog, and Roc. three and four cycles, (50 and 66 milliseconds). The
operating time can be adjusted by bending the con-
E. Any compensator that has an output which is tact-springs located at the top left-hand side of the

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

TABLE
NOMENCLATURE FOR

OS unit and by changing the armature gap.

Therelayis now calibrated and ready for service.

1
TYPE KS RELAY

Roa» Rom. Roc

ITEM DESCRIPTION
Z0Ss Two Element-Coils; Total D.C. Resistance = 560 to 605 ohms
Rpa & Ry 3% Inch Resistor — 1000 ohms Adjustable
Rp 2 Inch Resistor - Fixed-adjustable Taps at 15 & 35 ohms;

adjustable 35 to 350 ohms

2 Inch Resistors - 200 ohms Adjustable

Compensator (Primary Taps -~ .6; 1.02; 1.65; 2.46; 3.68; 5.5;

Auto-Transformer (Secondary Between Taps - 0.0’’, .03; .09

Coa: Coc 1.6 MFD Capacitors

Ty, Te
8.2)

Tg-TgR Compensator (Primary Taps - TR = 3.6; 4.86; 6.12
Tg = 0; .18; .36; .54; .72; .90; 1.08 *

SA, Sc Auto-Transformer (Primary Taps - 1; 2; 3)

My, Mo
.06)

0s Telephone Type Relay ~

D.C. Resistance =475 to 525 ohms

13
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TABLE 1l
ENERGY REQUIREMENTS
VOLTAGE BURDEN
TAP | (CURRENT) = 0 69VL-N 3¢ s=1
SETTING PHASE A PHASE B PHASE C
M V.A. WATTS VARS V.A. WATTS VARS V.A. WATTS VARS
-.18 3.38 1.65 3.76 3.44 3.44 4.86 1.78 2.64 3.18
-.15 3.58 1.68 3.96 3.66 3.54 5.10 1.89 2.75 3.32
-.12 3.82 1.70 4.16 3.90 3.66 5.35 2.08 2.93 3.60
-.09 4.02 1.71 4.36 4.24 3.80 5.0 2.28 3.13 3.88
- .06 4.18 1.72 4.50 4.45 3.86 5.70 2.34 3.20 3.75
- .03 4.45 1.72 4.77 4.74 3.92 6.20 2.55 3.38 4.20
0 4.70 1.77 5.00 5.05 4.07 6.50 2.72 3.50 4.40
+.03 4.85 1.83 5.20 5.20 4.20 6.65 2.90 3.62 4.62
+.06 5.10 1.85 5.40 5.4 4.34 6.94 2.98 3.76 4.86
+.07 5.30 1.88 5.65 5.6 4.43 7.20 3.30 3.86 5.10
+.12 5.55 1.97 5.90 6.0 4.55 7.56 3.50 3.96 5.30
+.15 5.70 2.0 6.05 6.3 4.60 7.80 3.65 4.10 5.50
+.18 6.00 2.06 6.35 6.6 4.80 8.15 3.88 4.30 5.80
VOLTAGE BURDEN
TAP 1 (CURRENT) =0 69VL-N 3¢ 5= 2
SETTING PHASE A I PHASE B PHASE C
M V.A. WATTS VARS V.A. WATTS VARS V.A. WATTS VARS
-.18 .815 174 .835 .95 .606 1.11 515 .56 .76
- .15 .885 .181 .90 .98 .64 1.17 .56 .59 .815
- .12 .93 .185 145 1.04 .67 1.23 .60 625 .87
-.09 .98 .188 1.00 1.12 .69 1.29 .64 .67 91
- .06 1.02 .191 1.04 1.17 125 1.37 .68 .68 .97
-.03 1.09 .198 1.11 1.25 17 1.45 135 12 1.03
0 1.17 .202 1.18 1.30 .79 1.53 775 .75 1.08
+.03 1.23 .206 1.25 1.37 .815 1.6 .82 .78 1.13
+.06 1.31 .209 1.32 1.44 .84 1.67 .865 .80 1.18
+.09 1.38 .212 1.39 1.53 .89 1.77 .925 .84 1.25
+.12 1.42 .210 1.43 1.59 .915 1.84 .98 .885 1.32
+.15 1.46 .204 1.47 1.66 .94 1.90 1.03 .91 1.38
+.18 1.51 .204 1.53 1.73 .965 1.09 1.09 .94 1.44
VOLTAGE BURDEN
TAP 1 (CURRENT) =0 69V N 3¢ $=3
SETJ'NG PHASE A PHASE B PHASE C
V.A. WATTS VARS V.A. WATTS VARS V.A. WATTS VARS
-.18 .344 112 .36 .394 .25 .47 .218 .243 .326
-.15 .360 .113 .376 .42 .258 .48 .234 .255 .348
-.12 .384 .119 .40 .44 .268 515 .25 .27 .368
- .09 .400 .121 .425 .47 283 .55 .266 .28 .386
- .06 420 .125 .445 .49 .294 575 .285 .294 41
- .03 .45 .128 .465 .52 .304 .60 .30 .304 .43
0 .465 .131 .485 .55 .318 .635 .32 .324 .455
+.03 .495 .134 514 .57 .326 .66 .335 .33 .47
+.06 .520 1317 .535 61 .34 .695 .358 .346 .50
+.,09 .540 .138 .555 .63 .348 72 .376 .36 .52
+.12 .568 .141 .580 .66 .358 .75 .395 .37 .54
+.15 .595 .144 615 .68 .37 .18 .415 .38 .56
+.18 .625 .146 .640 .72 .385 .82 .44 .394 .575

14
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TABLE Il

CURRENT BURDEN

TAP M=0 S =1 120 Vi L 5 AMPERES A0° 3¢
SE:TING PHASE A TAP PHASE B TAP PHASE C
A Impedance |Resistance|Reactance STETI':e Impedance |Resistance|Reactance [SETTING impedanceResistancelReactance
. B7Tg T
z R iX z R iX ¢ z R iX

.6 .018 .017 .003 0 +3.6 .120 .031 .116 .6 .014 .0137 .00009
1.02 .030 .029 .008 .18 t3.6 124 .036 .118 1.02 .020 .020 .00007
1.65 .044 .041 .014 .36 t3.6 .132 .049 .122 1.65 .040 .040 .00014
2.46 .068 .063 .025 .54 t4.86 | .200 .149 .134 2.46 .058 .058 .008
3.68 .120 .110 .051 .72 t4.86 | .216 .165 .216 3.68 .096 .945 .0184
5.50 .190 .168 .088 .90 t4.86 | .240 .190 .148 5.50 .164 .157 0425
8.20 .330 .286 .165 1.08 +¥6.12| .320 270 175 8.20 .300 .286 .092

CURRENT BURDEN
TAP M=0 s=1 120 Vi _L 50 AMPERES /0° 3¢
SETTING PHASE A TAP PHASE B TAP PHASE C
TA Impedance |Resistance]Reactance ST_ETI_l:? Impedance [Resistance| Reactance SE.;.l'TlNG Impedance|Resistance| Reactance
Cc
Z R 1X B B z R i X z R iX

.6 - .0136 .013 .004 0 *+3.6 .064 .0595 .026 .6 .0102 .010 .0023
1.02 .022 0214 .005 .18 +3.6 .070 .064 .0285 1.02 .0134 .0133 |.0016
1.65 .038 .036 .0046 .36 t3.6 .076 .0695 031 1.65 .023 023 .0012
2.46 .047 .045 .0016 .54 t4.86 | .126 115 .051 2.46 .036 .0245 .0037
3.68 .068 .0675 .0083 72 14.86 | .134 .123 .0545 3.68 .064 .063 .0134
5.50 .124 .120 .029 .9 *4.86 ] .144 .132 .058 5.50 112 .108 .0366
8.20 .220 .210 .068 1.02 t6.12 | .200 .187 .069 8.20 .210 .192 .085
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Fig. 6. Tap Plate.
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Vi-L
ﬁIA
ViL-L
BIC

. (Tg' +T8) Sa } (TB'+TB) S¢

Zp=2:

. 3 !
-1g2p--Ig(32Lr+32a

Zc=Z|_=

~1525608 60°= (-5 15 Za)

ETN 1EmMc

X

~IpnZp

Vi-L

2n-(Bzg-42a)-(225-§20)-

'ER

{A) FORWARD BALANCE POINT CONDITIONS (8) REVERSE BALANCE POINT CONDITIONS

184A5217

Fig. 8. Vector Diagrams of the Forward and Reverse Balance Point Conditions for Type KS Relay.

v \
L-L 2 (L-L I )
2i 2 Zpaz=2p = —— Z = <Zmp= 4
L™ “A Cc 21, LR* 3B \,318 3°A

{A) FORWARD BALANCE POINT CONDITIONS (B) REVERSE BALANCE POINT CONDITIONS

184A528

Fig. 9. Vector Diagrams of the Artificial Forward and Reverse Balance Point Conditions when testing with Single Phase
Current for Type KS Relay.
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INSTALLATION

Westinghouse 1.L. 41-492.1B
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE KS OUT-OF-STEP BLOCKING RELAY
0.51-30 OHMS

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 KS Relay (Figure 1) is a polyphase compen-
sator distance type relay used with the type KD
distance relay to prevent tripping while out-of-step
or out-of-synchronism conditions exist on the sys-
tem. It does not prevent or delay the type KD relay
from tripping on phase-to-phase faults within its
protective zone that occur during the out-of-step
condition.

CONSTRUCTION

The type KS Blocking Relay consists of three
air-gap transformers (compensators), two tapped
auto-transformers, a cylinder type operating unit, and
a time-delay telephone type relay, all mounted in the
type F'T32 relay case.

Compensator

The compensators which are designated as T4,
TB-Tg, and Tc, are two-winding air-gap transform-
ers, (Figure 2). The primary, or current winding, has
seven taps which terminate at the tap block. Tp and
Tc are marked 0.6, 1.02, 1.65, 2.46, 3.68, 5.5 and
8.2. TR-TR can be set from 3.6 ohms to 6.12 ohms
in steps of 0.18 ohms. Current flowing through the
primary coil provides an MMF which produces mag-
netic 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.

SUPERSEDES 1.L. 41-492.1A

*Denotes change from superseded issve.

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 resis-
tor between its minimum and maximum values re-
spectively or for 89 ° by open circuiting the resis-
tor. The factory setting is for a maximum torque
angle of 75 © current lagging voltage.

Avuto-Transformer

The auto-transformer has three taps on its main
winding, S, which are numbered 1, 2, and 3 on the
tap block. A tertiary winding M has four taps which
may be connected additively, or subtractively to
inversely modify the S setting by any value from
-18 to T18 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 be-
tween taps are 0, .03, .09, and .06.

The auto-transformer makes it possible to ex-
pand the basic range of the compensators by a

multiplier of ] f Therefore, any relay ohm set-

ting can be made within * 1.5 percent from 0.51
ohms to 30 ohms by combining the compensator
taps Ta, TB-Tg, and T with the auto-transformer
taps SA and Ma, and Sc and M.

EFFECTIVE MARCH 1970
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LAMINATED
PRIMARY CORE

SECONDARY
AIR GAP

[

S
ATATABRILEL T LIRIALLANRAR

7
ADJUSTABLE
ANGLE |

I  849A034

TELEPHONE RELAY
~

500 0 - 48 ¥.0.C.
2000 0 -125 ¥.0.C.
500 0 250 Y.0.C._|

DISTANCE UMIT

THREE AIR GAP
TRANSF ORMERS

AUTO TRANSF

CURRENT TEST JACK

CHASS|S OPERATED
SHORTING S¥ITCH

TEST SWITCH

=" TERMIMA!
FT-h

183A583

FRONT VIEW | |
ML PH2 PH.3

Fig. 2. Compensator Construction

Cylinder Unit

The device which acts to initiate blocking is a
four-pole cylinder unit which is connected open
delta and operates as a three-phase induction motor.
Contact-closing torque is produced by the unit when
the voltage applied to its terminals has a positive-
phase sequence. Contact-opening torque is produced
when negative-phase sequence voltages are ap-
plied. Hence, the cylinder unit has restraint or oper-
ating 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
molided 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. The bearing can be replaced, if neces-
sary, 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, and two locating pins. The

% Fig. 3. Internal Schematic of the Type KS Relay in FT32

Case.

locating pins 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 alum-
imum cylinder assembled to a molded hub which
holds the shaft. The shaft has removable top and
bottom jewel bearings. The shaft rides between the
bottom pin bearing and the upper pin bearing which
is adjusted to .025 inch from the top of the shaft
bearing. The cylinder rotates in the air gap formed
by the electromagnet and the magnetic core. The
stops for the moving element contact arm are an
integral part of the bridge.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to hold-
ing the upper pin bearing, the bridge is used for
mounting the adjustable stationary contact housing.
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 at-
tached to the moving contact arm by a spiral spring.
The spring adjuster is also held in place by a spring
type clamp.
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COMPENSATOR
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Fig. 5. Relay Characteristic on an R-X Diagram.

When the ZOS contacts, shown in Figure 3,
close, the electrical connection is made through the
stationary contact housing clamp, to the moving
contact, through the spiral spring out to the spring
adjuster clamp to short-circuit the telephone type
relay coil, OS. When operating torque causes the
contacts to open, then the short-circuit is removed
from across OS, permitting it to become energized.

Telephone Relay

The telephone-type relay unit, OS, is a slow-to-
operate type. An electromagnet attracts a right-angle
iron bracket which in turn operates a set of make-
and-break contacts. The delay in operation is ob-
tained by a copper slug which acts as a lag coil
and delays the build-up of magnetic lines of force in
the core.

When the telephone-type relay is energized, by
the opening of the cylinder unit contacts, it opens
its several sets of contacts which are normally
connected in series with the KD relay three-phase
unit contacts, and thus prevents completing the trip
circuit during an out-of-step condition (Figure 4).

OPERATION

One fundamental difference between a three-
phase fault and an out-of-step or out-of-synchronism

condition is that a fault suddenly reduces the volt-
age and increases the current, whereas during the
approach of an out-of-step condition, the voltage and
current changes are comparatively gradual. When
the line impedance to the apparent fault (Zg) is less
than the compensator setting (Z¢), 1Zc becomes
greater than the line voltage drop to the fault. This
reverses the compensated voltage and thereby re-
verses the phase sequence of the voltage applied to
the relay, and contact-opening torque is produced in
the cylinder unit. Under out-of-step conditions, the
apparent impedance measured by the relay anywhere
near the electrical center starts at a high value,
gradually decreases to a much lower value, and then

gradually increase again to a higher value, and thus

the system goes through a complete beat oscillation.
On the other hand, if the disturbance is a fault, the
impedance seen by the relay will suddenly drop to a
much lower value, and then either retain this value
or slightly increase due to the effects of fault re-
sistance, until the fault is cleared.

The KS relay takes advantage of the distinction
between a fault and an out-of-step condition. Under
out-of-step conditions, the KS relay will operate
followed after a short time delay by zone 2 KD relay,
as the apparent short circuit drifts toward the relay.
In case of a fault, the KS as well as one or two zone
relays may be operated but if more than the KS relay
is to operate, the other will operate within a very
short time, and will not follow the sequence des-
cribed for an out-of-step condition.

Blocking Unit

The four-pole cylinder unit which acts to ini-
tiate blocking for an out-of-step condition is con-
nected open delta and operates as a three-phase
induction motor. Contact closing torque is produced
by the unit when the voltage applied to its terminals
has a positive-phase sequence. Contact-opening
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 term-
inals.

Compensator

Sensitivity to the out-of-step condition is pro-
vided by compensators designated as Ta, Ty, and
Tc¢ in Figure 3. Each compensator is proportioned
so that its mutual impedance, Zg, has known and
adjustable values from T = 0.51 ohm to T —8.2
ohms in 36 percent steps. Compensator mutual im-
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pedance Zc is defined .as the ratio of secondary
induced voltage to primary current and is equal to T.
The secondary (voltage) winding of the compensator
is in series with the applied voltage and vectorially
subtracts a value from the applied voltage which is
proportional to 1Z. where I is the relay current.
When the line impedance to the electrical center or
to a fault (ZF) is less than the compensator setting
(Z¢), 1Zc becomes greater than the line voltage drop
to the electrical center or fault. This reverses the
phase sequence of the voltage applied to the relay,
and contact-closing torque is produced in the cylin-
der unit.

CHARACTERISTICS

Referring to Figure 5, the scheme of operation is
described below. The impedance circle of the relay
is set to encircle the second zone KD relay three-
phase unit. The difference between the two circles
provides a margin in ohms sufficient to give the
telephone-type relay time to operate before the
swing condition enters the characteristic circle of
zone 2 after having entered the circle of the KS
relay. The telephone-type relay will open, within 3
to 4 cycles. Its OS contacts located between the

% and%g_terminals shown in the trip circuits sec-

tion of Figure 4. Thus all of the OS contacts oper-
ate to block tripping and also to prevent the short-
circuiting and de-energizing of the OS coil as the
zone 2 contacts close. When zone 2 operates before
0S, as it does for a three-phase fault condition, a
short-circuit across the coil, OS, is completed
through the KD relay, and OS is not energized even
though the ZOS contacts do open.

General Characteristics

Impedance settings in ohms reach can be made
for any value from .51 ohms to 30 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 out-
put V, is largest when V leads the primary current,
I, by 90°. This 90 ° relationship is approached, if
the compensator loading resistor (R2A, Rop or
Roe) is open-circuited. The effect of the loading
resistor, when connected, is to produce an internal
drop in the compensator, which is out-of-phase with
the induced voltage, IT 4, ITg or IT(. 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. 8 are based upon a 75°
compensator angle setting. If the resistors Roa,
Rop and Ry are adjusted for some other maximum
torque angle the nominal reach is different than in-
dicated by the taps. The reach, 2, varies with the
maximum torque angle, &, as follows:

7z 6= T8 sin b
(1 £+ M) sin75°

TAP PLATE MARKINGS

(TA and Tc)
.6 1.02 1.65 2.46 3.68 5.5 8.2

(Tp)
0 .18 .36 .54 .72 .9 1.08

TE
3.6 4.86 6.12

(SAy SC: RB)
1 2 3

(Ma, Mg)
+ Values between taps .03 .09 .06

Current Circuit Rating in Amperes

Tap Setting Continuous 1 Second
8.2 5 240
5.9 7 240
3.68 10 240
2.46 10 240
1.65 10 240
1.02 10 240

.6 10 240

Burden

The burden which the relays impose upon poten-
tial and current transformers in each phase is shown
in Table II and Table III. The potential burden and
burden phase angle are based on 69 volts line-to-
neutral applied to the relay terminals.

SETTING CALCULATIONS

The type KS relay requires an ohm setting high
enough so that its impedance circlé completely sur-
rounds the impedance circle of the zone 2 KD relay
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three-phase unit with a 2 ohm margin. The angle of
maximum torque should be the same as that of the
KD relay. The forward-looking reach Z;, is equal to
the setting Z A and Zq.

= = = TS
L2 % T TEwy

(Sub-letters refer to the T A and To compensators.)
The backward reach ZLR is a function of both Zg
and Zy, where

z, =(Tg * Tp) 8
(1 .

When the proper value of ZLR is determined
(usually 2 ohms) then the setting for Zp can be
calculated.

Zg = 1/221, + 3/2Z1 1

The S & M settings of the auto-transformer are
determined in the setting of the forward reach.

At the line angle in the forward direction, the
ohmic difference, Zpr will generally be set for two
ohms. When the two circles are concentric, the
backward reach, Zy rs is equal to ZDF. The for-
ward reach, Z7,, can be set up to 30 ohms. The
reverse reach, ZLR’ can be set at most any prac-
tical value with the best coverage at two ohms.

Calculations for setting the KS relay are straight-
forward and apply familiar principles. Assume a
desired balance point which is 2 (relay) ohms
greater than the second-zone impedance-relay set-
ting. The general formula for setting the ohms for-
ward reach of the relay is:

. 6 —
26 ZL—E_:%?)O) = (Zzone 2 T 2 ohms)

The terms used in-this formula are defined as fol-
lows:

Zy,6 = the desired ohmic forward reach of the relay

TS _
TTM—: the tap plate setting :ZA = Z¢

T = compensator tap value

= Auto-transformer primary tap value

n
|

@ = Maximum torque angle setting of the relay

. o Sinfd = )
(For a factory setting of 75° then Sin 5° .

M = Auto-transformer secondary tap value.
(This is a Per Unit value and is determined by

the sum of the values between the “‘I.”’ and
the ‘‘R’’ leads. The sign is positive when
“L’" is above ‘‘R’’ and acts to Lower the Z
setting. The sign is negative when “R’ is
above ‘L’’’ and acts to Raise the Z setting).

Reverse reach is calculated by the formula:
ZLRO ~23Zpo— V374

Terms used in this formula are defined as follows:

Zy,r @ ~ The desired ohmic reverse reach of the
relay at & degrees maximum torque angle
setting

(Sin 8)

Znn=7
BY ™ “B gin 15°

2, =(T6 + TB) 8
1+tM

TB/+ Tg = compensator tap value

21, 6,8, &M ~ same as in forward reach formula.

Sample Calculations

An optimum forward setting can be obtained by
the following procedure.

1. Determine the desired forward reach, ZL@,
which is (Z 4. 3 + 2 ohms). Note that 2
ohms is a rule-of-thumb value selected as a
safe margin for identifying a system swing
and is not influenced by the magnitude of

Z zone 2°

2. Select the lowest tap, S, which gives a
product of 10S greater than Zy, where

Py o
=g (Sin 757)
Zy, L0~ Sn oy
3. Select a value for T that is nearest the

value ZL- This will be the setting for Ta
S
and Tc.

4. Determine the value of M that will most near-
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ly make M :%-S—— 1. If the sign is negative,
L

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

For example, assume the desired value of Zj g
to be (7 + 2) = 9 ohms at 60 degrees.

1. Then 2, = 9 X (0:966) = 10,0 ohms
(0.866)
2. The lowest tap S for 6.9 S greater than 10.0
is s~ 2.

3. T nearest to —120— = 5 is 5.5 (The next lower

tap might have been selected but the highest
possible T tap is preferred).

. m =381 =0.10 (Use M = .09)

Check the setting calculations.

- 55X 2 -~
ZL ———1 .09 10.1 ohms
- (.866) —
Z 10.1 2 .= 9.05 relay ohms
L ¢ (.966)

at a maximum torque angle setting of 60
degrees. This is 100.4% of the desired
value.

An optimum reverse setting can be obtained by the
following procedure.

. o
1. Solve for Zp where Zg = Zgg %))_

ZB@ - 1/2ZL@ + 3/2ZLR@

2. Solve for (Tg + Tg) where (T + Tg) ~

Zg (1 £ M)
S

3. Select the highest possible value for Tl’3 and
set the remaining portion on the closest val-
ue of Tg.

For example assume the desired value of Zp grg to
be 2 ohms at 60 degrees (ZL@ has already been
established as 9 ohms at 60 degrees).

_ .9 .3x2 0,966
. Then Zg = (9 + _0.966
1. ThenZp = (5, " "5 %) * —57366

=7.5 x 1.11 = 8.36 ohms

3. Highest possible value for T§ = 3.6 and Tg ~
4.56 — 3.6 ~0.96 (Use Tp = .9)

7 =(3.6 T.9) X 2 =g 94 ohms
B —1+.09

= .866y =
Zpp ~ 8.24 (ﬁ 7.4 ohms

Zppo = 2X 74— 9.05 =(4.95-3.02) =1.93
3 3 ohms.

SETTING THE RELAY

The KS relay requires settings for each of the
three compensators (Ta, Tp-TB, and T¢), each of
the two auto-transformers, primaries (S and SC) and
secondaries (Ma and Mc), and the balancing 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 above the operating unit.

Compensator (T4, Tg - Tg, and T¢)

Each set of compensator taps terminate in in-
serts which are grouped on a socket and form ap-
proximately three quarters of a circle around a cen-
ter 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 (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 8).

An ‘S’ setting is made by removing the connec-
tor screw, placing the connector in position over the
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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.

Avuto-Transformer Secondary (Mg 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 -.18 to +.18 in steps of .03. The value of
a setting is the sum of the numbers that are crossed
when going from the R lead position to the L lead
position. The sign of the ‘‘M’”’ value is determined
by which lead is in the higher position on the tap
plate. The sign is positive (1) is the L lead is high-
er and negative (-) if the R lead is higher.

An ‘“M”’ setting may be made in the following
manner. Remove the connector screws so that the L
and R leads are free. Determine from the following
table the desired ‘‘M”’ value. Neither lead connector
should make electrical contact with more than one
tap at a time.

Tabulated Settings

Line Angle Adjustment

Z5° M L Lead R Lead
.85 TS +.18 .06 0
.87 TS +.15 .06 .03
.89 TS +.12 .09 0
.92 TS +.09 .09 .03
.94 TS +.06 .06 .09
.97 TS +.03 .03 0

TS 0 0 0
1.03 TS - .03 0 .03
1.06 TS - .06 .09 .06
1.10 TS - .09 .03 .09
1.14 TS -.12 0 .09
1.18 TS -.15 .03 .06
1.22 TS -.18 0 .06

Rp Settings

Ry is a circuit balancing resistor. The RB tap
setting should be the same as Sp and Sc settings.

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-
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
adjusting the compensator loading resistors Rop,
Rop, and Rac. Refer to the section titled Calibra-
tion when a change in maximum torque angle is de-
sired.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration and heat. Mount
the relay vertically by means of the mounting stud
for the type F'T projection case or by means of the
four mounting holes on the flange for the semi-flush
type FT case. Either the stud or the mounting
screws may be utilized for grounding the relay. The
electrical connections may be made directly to the
terminals by means of screws for steel panel mount-
ing or to the terminal stud furnished with the relay
for thick panel mounting. The terminal stud may be
easily removed or inserted by locking two nuts on
the stud and then turning the proper nut with a
wrench.

For detailed information on the F'T case refer to
I.L. 41-076.

RECEIVING ACCEPTANCE

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

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

2. An electrical test to make certain that the relay
measures the balance point impedance accurate-
ly.

Check the electrical response of the impedance
unit by using the test connections shown in Figure
9. Set Ta and Tc for 8.2; TR + Ty for 7.20; Sa,
Sc, and Rp for 1; MaA and Mc for +.18.
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A. Use connection for Test No. 4 and adjust
the voltage between PH.1 and 1F and between PH.2
and 2F for 40 volts each so that the resultant volt-
age VipaoF equals 40 volts (120-40V-40 —40V).

B. The current required to make the cylinder
unit contacts open should be between 3.08 and 3.2
amperes at an angle of 759 current lag.

C. Repeat B while using connections for Test
No. 5 and Test No. 6. The difference in values of
current that make the contacts close for each of the
three test connections should not be greater than
4% of the smallest value.

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

Check the time-delay unit by applying rated D.C.
voltage across terminals 18 and 20. Opening the
cylinder unit contacts should cause the telephone
type relay to pick up. It should drop out when the
cylinder unit contacts close.

ROUTINE MAINTENANCE

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

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

Electrical Checkpoints

A. Cylinder Unit

Using the connections for Tests Nos. 8 and 9 of
Figure 9 set the phase shifter so that the current
lags voltage by &°. The current required to open
the contacts should be within the limits specified
for each voltage. Note that for the forward reach,
connection 8, the impedance measured by the relay
7t~ VL - L. Reverse reach, connection 9, mea-

2L,
sured by the relay in this test is

10

VL-L
V31,

. VL
voltage and Iy, is phase current, 2, :_51_, where 1,

* Z1 R= 1/3 Zp,- Here Vy,_1, is phase-to-phase

is the current found in test No. 8.

VOLTS AMPERES (8= 75°) & 1
TEST
NO. VIFZF Imin Imclx
& Var3F
40 * 2.88 * 3.1
8 80 5.75 6.90
40 5.7511 5.9 1
9 80 11.4 12.0

+1 Phase Angle Meter Set for & +30°

+ To determine the limits of current when & is not
equal to 75°, multiply the nominal values tabu-

lated above by the ratio Sin 75 °
sin

Note that Tests Nos. 8 and 9 are artificial methods
of checking the forward and reverse balance points.
These tests require a polyphase voltage supply and
only a single-phase current.

Referring to vector diagrams of Figure 10, one
can see how the forward and reverse balance points
are determined with a balanced three-phase current.
Comparing this to the artificial single-phase current
method in Figure 11 it is obvious that a similarity
exists between the two. This similarity makes it
possible to accurately check the relay balance
points using a single-phase current at the relay
maximum torque angle only.

The circle characteristics of Figure 5 cannot be
checked using a single phase current. A polyphase
current is required, with test connections as per
Test No. 7 Figure 9, to plot the characteristic cir-
cle. The reach of the relay for this connection is

vy,
*V::——E——E-Ohms.

RS
REPAIR CALIBRATION

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments disturbed.
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Connect the relay for testing as shown in Figure
9. The four-pole-double-throw switch shown in the
test circuit, selects the type of voltage condition,
that will be applied to the relay voltage terminals.
The rotary switch switches the fault voltage to
various terminals and thereby provides a number of
test combinations without the tester having to change
connections or readjust the phase shifter and vari-
able auto-transformers.

For best results in checking calibration, the
relay should be allowed to warm up for approximate-
ly 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 connec-
tions of Figure 9, and following the procedure out-
lined below.

Set SpA and Sc on tap number 3. Set the ‘‘R’’
leads of Mp and Mc all on 0.0 and disconnect the
“L’’ leads. Adjust the voltages Vipap and Vop3p
for 90 volts. Measure the voltage from terminal 8 to
the #1 tap of Sa. It should be 30 volts. From 8 to
the #2 tap of 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 Sp and Sc on 1 and adjust Vigap and
Vopgp for 100 volts. Measure the voltage drop from
terminal 8 to each of the Ma taps. This voltage
should be equal to 100 (1 t the sum of values be-
tween R and the tap being measured). Example:
100 (1 + .03 +.09) — 112 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 injured and
should be replaced.

Settings

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

Ta and Tc set on 8.2; TE-Tg for 7.20
SA, RB, and S¢ set on 1
“R’’ for Mp and M set on 0.0

“L for Mp and Mc set in the top position
(.03 +.09 +.06 ~.18 between L. & R).

Cylinder Unit:

A. Rough Adjustment of Ryya and RMe

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

1. Using connections for test #1 of Figure 9 ad-
just brush #1 so that Vipgop = Vqg — 0. Ad-
just brush #2 for rated voltage across termi-
nals 8 & 9. Adjust RB so that the contact
floats or has a minimum or 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 9, adjust brush #2 so
that Vopgp = Vgg — 0. Adjust brush #1 for
rated voltage across terminals 7 & 9. Adjust
RMC 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
upset the calibration of the resistors Rya and Rmc.
Therefore, the Rya and Ryc calibration should be
checked after any change in the maximum torque
angle. If there is an indication that the Rpya and
RyMc adjustments should be changed due to a max-
imum torque angle adjustments re-calibration can be
accomplished by adjusting R only.

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

2. Adjust the voltage Vipop and Vom3p for 50
volts with Brush No. 1 and Brush No. 2 re-
spectively.

3. Adjust the current 10 amperes and rotate the
phase shifter to find the two angles, & 1 and
O 2, at which the contacts just open. The

maximum torque angle & then is (4‘9_1-—5—‘93

- 30) degrees.

This angle should be between 73° and 76 ° when
received from the factory.

4. The angle & can be changed by adjusting
Roa. A lower value of resistance gives a

1
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smaller angle and a higher resistance value
gives a greater angle.

5. Use the No. 2 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

RoB.

6. Use the No. 3 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.

C. RmA and R)pc Calibration

These components, Rya and Ry, are adjusted
so that their respective circuits have the same im-
pedance angle as the circuit of the tapped resistor
RB. These adjustments can be checked by simula-
ting all three combinations of phase-to-phase faults,
1-2, 2-3 and 3-1, as shown in the test circuit Figure
9. Each value of current required to trip the top cy-
linder unit for each of the three conditions should be
within 4% 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 RMa or Rpmc can cause the spread in current
values to increase to more than 10%.

1. Connect the relay for a 1-2 fault as indicated
for Test No. 4.

2. Adjust the voltage between PH.1 and 1F and
between PH.2 and 2F for 55 volts each using
Brush No. 1 and Brush No. 2 respectively.
This will provide 10 volts between 1F and
2F (V{pgF = 120 - 55.0 - 55.0 = 10 volts).

3. Adjust the phase shifter for & degrees be-
tween load current and Vpy.1-PH.2.

* 4. With load current set for 0.81 amperes, ad-
just RpA so that the cylinder unit contacts
just open.

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

6. Determine the current value at which the
contacts open for a 3-1 fault using Test No.
* 6. If the 3-1 fault current is greater than 0.73
amperes then Ryp is too low and Ry is

too high.

12

* 7. Increase Rya a slight amount and reduce
Rymc an equal amount until the contacts just
open for 0.73 amperes.

* 8. Check the current required to close the con-
tacts for Tests Nos. 4, and 5. The values
should be equal to each other within + 2%.

*¥ 9. If the currents are not equal * 2% then use
the average value for Tests Nos. 4 and 5
determined in steps 8 and repeat steps 1
through 8. At first there may be an over-
correcting or pendulum action as one bal-
ances the Rya and Ry resistors. However,
with a little experience 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
connected to 3F and Brush 2 is connected to
1F.

2. Adjust the voltages Vipop and Vap3p 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 con-
nections to normal with Brush 1 and 1F and
Brush 2 to 3F.

E. Contact Adjustment

With the moving-contact arm against the left-
hand side of the bridge, screw the right-hand con-
tact in to just touch the moving-contact. Then back
the contact out one (1) full turn to give approximate-
ly 0.032 inch gap.

The cylinder unit is now calibrated and should
be accurate to within + 3% of the corrected tap
value setting over the range of voltages from 60
VL-I, to 120 Vi,-1,. The corrected tap value is the
actual relay reach at a given maximum torque angle

8 and is equal to Zg = LS sin 50
(1 £ M) (sin75°)

Compensator Check

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

A. Set T and Tc on the 8.2 tap, TE-TR on
7.20 tap.

B. Disconnect the “‘L’’ leads of sections Mp
and Mc and the brush leads of R2a, RoB,

and Roc.

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

D. Measure the compensator voltage Vo with a
high resistance voltmeter 2000 ohm/volt as
tabulated below. Refer to Figure 1 for the
location of R2a, Rog, and Roc.

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

TABLE

Measure VC
From To Fixed Voltmeter Read.
Terminal End of
“1,”" of M R = sin 8
A 2A Vo 7 IT (o5 ™)
8 Rop = 85.0 volts
“L" of Mg Roc (6 =90°)

Telephone Relay

With the cylinder unit contacts open, energize
the telephone relay through terminals 18 and 20
with rated D-C voltage and measure the time re-
quired for the contacts to open between terminals
4 and 5. This operating time should be between
three and four cycles, (50 and 66 milliseconds). The
operating time can be adjusted by bending the con-
tact-springs located at the top left-hand side of the
OS unit and by changing the armature gap.

The relay is now calibrated and ready for service.

1

NOMENCLATURE FOR TYPE KS RELAY

Roa» Rops Roc

ITEM DESCRIPTION
ZOS Two Element-Coils; Total D.C. Resistance = 560 to 605 ohms
Rya & Ryc 3% Inch Resistor - 1000 ohms Adjustable
Rp 2 Inch Resistor - Fixed-adjustable Taps at 15 & 35 ohms;

adjustable 35 to 350 ohms

2 Inch Resistors = 200 ohms Adjustable

Csoa» Coc 1.6 MFD Capacitors

T, To Compensator (Primary Taps - .6; 1.02; 1.65; 2.46; 3.68; 5.5;
8.2)

Tg-Tg Compensator (Primary Taps - TR ~ 3.6; 4.86; 6.12
Ty = 0; .18; .36; .54; .72; .90; 1.08 *

Sa, 8¢ Auto-Transformer (Primary Taps - 1; 2; 3)

MA, Mc Auto-Transformer (Secondary Between Taps ~ 0.0, .03; .09
.06)

os Telephone Type Relay - D.C. Resistance =475 to 525 ohms

13




TYPE KS RELAY

TABLE I
ENERGY REQUIREMENTS

VOLTAGE BURDEN
TAP I (CURRENT) = 0 69VL-N 3¢ s =1
SETTING PHASE A PHASE B PHASE C
M V.A. WATTS VARS V.A. WATTS VARS V.A. WATTS VARS
-.18 3.38 1.65 3.76 3.44 3.44 4.86 1.78 2.64 3.18
-.15 3.58 1.68 3.96 3.66 3.54 5.10 1.89 2.75 3.32
-.12 3.82 1.70 4.16 3.90 3.66 5.35 2.08 2.93 3.60
~ .09 4.02 1.71 4.36 4.24 3.80 5.70 2.28 3.13 3.88
- .06 4.18 1.72 4.50 4.45 3.86 5.70 2.34 3.20 3.75
~.03 4.45 1.72 4.77 4.74 3.92 6.20 2.55 3.38 4.20
0 4.70 1.77 5.00 5.05 4.07 6.50 2.72 3.50 4.40
+.03 4.85 1.83 5.20 5.20 4.20 6.65 2.90 3.62 4.62
+.06 5.10 1.85 5.40 5.4 4.34 6.94 2.98 3.76 4.86
+.07 5.30 1.88 5.65 5.6 4.43 7.20 3.30 3.86 5.10
t.12 5.55 1.97 5.90 6.0 4.55 7.56 3.50 3.96 5.30
t.15 5.70 2.0 6.05 6.3 4.60 7.80 3.65 4.10 5.50
+.18 6.00 2.06 6.35 6.6 4.80 8.15 3.88 4.30 5.80
VOLTAGE BURDEN
TAP | (CURRENT) = 0 69YL-N 3¢ $= 2
SETTING PHASE A 1 PHASE B PHASE C
M V.A. WATTS VARS V.A. WATTS VARS V.A. WATTS VARS
-.18 .815 .174 .835 .95 .606 1.11 515 .56 .76
- .15 .885 .181 .90 .98 .64 1.17 .56 .59 .815
-.12 .93 .185 .45 1.04 .67 1.23 .60 .625 .87
-.09 .98 .188 1.00 1.12 .69 1.29 .64 67 91
- .06 1.02 .191 1.04 1.17 125 1.37 .68 .68 .97
-.03 1.09 .198 1.11 1.25 17 1.45 135 72 1.03
0 1.17 .202 1.18 1.30 .79 1.53 .15 .75 1.08
+.03 1.23 .206 1.25 1.37 .815 1.6 .82 .78 1.13
+.06 1.31 .209 1.32 1.44 .84 1.67 .865 .80 1.18
+.09 1.38 .212 1.39 1.53 .89 1.77 .925 .84 1.25
+.12 1.42 .210 1.43 1.59 .915 1.84 .98 .885 1.32
+.15 1.46 .204 1.47 1.66 .94 1.90 1.03 91 1.38
+.18 1.51 .204 1.53 1.73 .965 1.09 1.09 .94 1.44
VOLTAGE BURDEN
TAP 1 (CURRENT) =0 69VL.N 3¢ S =3
SETJING PHASE A PHASE B PHASE C
V.A. WATTS VARS V.A. WATTS VARS V.A. WATTS VARS
-.18 .344 .112 .36 .394 .25 .47 .218 .243 .326
- .15 .360 .113 .376 .42 .258 .48 .234 .255 .348
-.12 .384 .119 .40 .44 .268 515 .25 .27 .368
-.09 .400 121 .425 .47 .283 .55 .266 .28 .386
- .06 .420 .125 .445 .49 .294 .575 .285 .294 .41
-.03 .45 .128 .465 .52 .304 .60 .30 .304 .43
0 .465 .131 .485 .55 .318 .635 .32 .324 .455
+.03 .495 .134 .514 .57 .326 .66 .335 .33 .47
+.06 .520 .137 .535 61 .34 .695 .358 .346 .50
+.09 .540 .138 .555 .63 .348 12 .376 .36 .52
+.12 .568 .141 .580 .66 .358 .75 .395 .37 .54
+.15 .595 .144 .615 .68 .37 .78 .415 .38 .56
+.18 .625 .146 .640 12 .385 .82 .44 .394 .575

14




TYPE KS RELAY

l.L. 41 -492.1B

TABLE i
CURRENT BURDEN
TAP M=0 s$=1 120 VL -L 5 AMPERES £0° 3¢
SETTING PHASE A TAP PHASE B TAP PHASE C
TA  |impedance [Resistance|Reactance STEBTP:g Impedance [Resistance|Reactance SETTTING ImpedanceResistance|Reactance
z R iX g z R iX ¢ z R iX
.6 .018 | .017 003 |0 +3.6 | .120 .031 116 .6 .014 | .0137 | .00009
1.02 .030 .029 .008 .18 +3.6 | .124 .036 118 1.02 | .020 | .020 |.00007
1.65 .044 .041 014 | .36 +3.6 | .132 .049 122 1.65 | .040 040 | .00014
2.46 .068 .063 .025 .54 t4.86| .200 .149 134 2.46 | .058 | .058 |.008
3.68 .120 .110 .051 72 +4.86| .216 .165 .216 3.68 | .096 | .945 |.0184
5.50 .190 .168 .088 | .90 +4.86| .240 .190 .148 5.50 | .164 | .157 |.0425
8.20 .330 .286 .165 |1.08 +6.12] .320 .270 175 8.20 | .300 | .286 |.092
CURRENT BURDEN
TAP M=0 s=1 120 V-, 50 AMPERES /0° 3¢
SETTING PHASE A TAP PHASE B TAP PHASE C
TA  limpedance |Resistance{Reactance STEBT-‘I:I:QG Impedance [Resistance| Reactance SE_::'NG Impedance|Resistance| Reactance
z R iX z R iX y4 R iX

.6 .0136 | .013 004 | 0 +3.6 | .064 .0595 | .026 .6 .0102 |.010 |.0023
1.02 022 .0214 | .005 | .18 3.6 | .070 .064 0285 | 1.02 |.0134 |.0133 |.0016
1.65 .038 .036 .0046 | .36 +3.6 | .076 .0695 | .031 1.65 |.023 |.023 |.0012
2.46 .047 .045 .0016 | .54 t4.86 | .126 115 .051 2.46 |.036 .0245 |.0037
3.68 .068 .0675 | .0083 | .72 t4.86 | .134 123 .0545 | 3.68 |.064 |.063 |.0134
5.50 124 .120 029 | .9 +4.86| .144 .132 .058 5.50 |.112 |.106 |.0366
8.20 .220 .210 068 [1.02 +6.12 | .200 187 .069 8.20 |.210 |.192 |.085

15
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Fig. 8. Vector Diagrams of the Forward and Reverse Balance Point Conditions for Type KS Relay.
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Fig. 9. Vector Diagrams of the Artificial Forward and Reverse Balance Point Conditions when testing with Single Phase
Current for Type KS Relay.
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INSTALLATION

Westinghouse I.L. 41.492.1D
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE KS OUT-OF-STEP BLOCKING RELAY
0.51-30 OHMS

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 KS Relay (Figure 1) is a polyphase compen-
sator distance type relay used with the type KD
distance relay to prevent tripping while out-of-step
or out-of-synchronism conditions exist on the sys-
tem. It does not prevent or delay the type KD relay
from tripping on phase-to-phase faults within its
protective zone that occur during the out-of-step
condition.

CONSTRUCTION

The type KS Blocking Relay consists of three
air-gap transformers (compensators), two tapped
auto-transformers, a cylinder type operating unit, and
a time-delay telephone type relay, all mounted in the
type F'T32 relay case.

Compensator

The compensators which are designated as T4,
T]§—TB, and T, are two-winding air-gap transform-
ers, (Figure 2). The primary, or current winding, has
seven taps which terminate at the tap block. Tp and
Tc are marked 0.6, 1.02, 1.65, 2.46, 3.68, 5.5 and
8.2. TR-Tg can be set from 3.6 ohms to 6.12 ohms
in steps of 0.18 ohms. Current flowing through the
primary coil provides an MMF which produces mag-
netic 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.

SUPERSEDES |.L. 41-492.1C

*Denotes change from superseded issue.

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 resis-
tor between its minimum and maximum values re-
spectively or for 89° by open circuiting the resis-
tor. The factory setting is for a maximum torque
angle of 75 ° current lagging voltage.

Avuto-Transformer

The auto-transformer has three taps on its main
winding, S, which are numbered 1, 2, and 3 on the
tap block. A tertiary winding M has four taps which
may be connected additively, or subtractively to
inversely modify the S setting by any value from
-18 to t18 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 be-
tween taps are 0, .03, .09, and .06.

The auto-transformer makes it possible to ex-
pand the basic range of the compensators by a

multiplier of %Vl Therefore, any relay ohm set-

ting can be made within * 1.5 percent from 0.51
ohms to 30 ohms by combining the compensator
taps Ta, TB-TgR. and Tc with the auto-transformer
taps SA and MA, and Sc and Mc,

EFFECTIVE JUNE 1973
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TYPE KS RELAY

l.l.. 41-492.1D

LAMINATED
PRIMARY CORE
SECONDARY
AIR GAP .
TELEPHONE RELAY
7
2008 § 138 voD.c. DISTANCE UNIT
4500 0 <250 ¥.0.C. |
7
THREE AiR GAP
AT = TRANSF ORMERS
WO 1N SERIES
- FoR 260 Y.D.C.
//T \\\ AV AUTO TRANSFORMER|
/ CURRENT TEST JACK | -
ADJUSTABLE CHASSIS OPERATED |
ANGLE / SHORT(NG SWITCH r—— TEST SWITCH
|
\
) e,
A FronT wswm! t ru 2 .3
~ . . .
I 849A034 183A583
Fig. 2. Compensator Construction Fig. 3. Internal Schematic of the Type KS Relay in FT32
Case.

Cylinder Unit

The device which acts to initiate blocking is a
four-pole cylinder unit which is connected open
delta and operates as a three-phase induction motor.
Contact-closing torque is produced by the unit when
the voltage applied to its terminals has a positive-
phase sequence. Contact-opening torque is produced
when negative-phase sequence voltages are ap-
plied. Hence, the cylinder unit has restraint or oper-
ating 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. The bearing can be replaced, if neces-
sary, 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, and two locating pins. The

locating pins 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 alum-
imum cylinder assembled to a molded hub which
holds the shaft. The shaft has removable top and
bottom jewel bearings. The shaft rides between the
bottom pin bearing and the upper pin bearing which
is adjusted to .025 inch from the top of the shaft
bearing. The cylinder rotates in the air gap formed
by the electromagnet and the magnetic core. The
stops for the moving element contact arm are an
integral part of the bridge.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to hold-
ing the upper pin bearing, the bridge is used for
mounting the adjustable stationary contact housing.
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 at-
tached to the moving contact arm by a spiral spring.
The spring adjuster is also held in place by a spring
type clamp.
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TYPE KS RELAY

X OUT-OF-STEP
RELAY
Z0F _2nd ZONE
Z=25Z¢ OF 3 PHASE
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REACH
R
2| R
BACKWARD
REACH
COMPENSATOR
ANGLE

Fig. 5. Relay Characteristic on an R-X Diagram.

When the ZOS contacts, shown in Figure 3,
close, the electrical connection is made through the
stationary contact housing clamp, to the moving
contact, through the spiral spring out to the spring
adjuster clamp to short-circuit the telephone type
relay coil, OS. When operating torque causes the
contacts to open, then the short-circuit is removed
from across OS, permitting it to become energized.

Telephone Relay

The telephone-type relay unit, OS, is a slow-to-
operate type. An electromagnet attracts a right-angle
iron bracket which in turn operates a set of make-
and-break contacts. The delay in operation is ob-
tained by a copper slug which acts as a lag coil
and delays the build-up of magnetic lines of force in
the core.

When the telephone-type relay is energized, by
the opening of the cylinder unit contacts, it opens
its several sets of contacts which are normally
connected in series with the KD relay three-phase
unit contacts, and thus prevents completing the trip
circuit during an out-of-step condition (Figure 4).

OPERATION

One fundamental difference between a three-
phase fault and an out-of-step or out-of-synchronism

condition is that a fault suddenly reduces the volt-
age and increases the current, whereas during the
approach of an out-of-step condition, the voltage and
cutrent changes are comparatively gradual. When
the line impedance to the apparent fault (Zp) is less
than the compensator setting (Z¢), IZ¢ becomes
greater than the line voltage drop to the fault. This
reverses the compensated voltage and thereby re-
verses the phase sequence of the voltage applied to
the relay, and contact-opening torque is produced in
the cylinder unit. Under out-of-step conditions, the
apparent impedance measured by the relay anywhere
near the electrical center starts at a high value,
gradually decreases to a much lower value, and then

gradually increase again to a hikher value, and thus

the system goes through a complete beat oscillation.
On the other hand, if the disturbance is a fault, the
impedance seen by the relay will suddenly drop to a
much lower value, and then either retain this value
or slightly increase due to the effects of fault re-
sistance, until the fault is cleared.

The KS relay takes advantage of the distinction
between a fault and an out-of-step condition. Under
out-of-step conditions, the KS relay will operate
followed after a short time delay by zone 2 KD relay,
as the apparent short circuit drifts toward the relay.
In case of a fault, the KS as well as one or two zone
relays may be operated but if more than the KS relay
is to operate, the other will operate within a very
short time, and will not follow the sequence des-
cribed for an out-of-step condition.

Blocking Unit

The four-pole cylinder unit which acts to ini-
tiate blocking for an out-of-step condition is con-
nected open delta and operates as a three-phase
induction motor. Contact closing torque is produced
by the unit when the voltage applied to its terminals
has a positive-phase sequence. Contact-opening
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 term-
inals.

Compensator

Sensitivity to the out-of-step condition is pro-
vided by compensators designated as TaA, TR, and
Tc in Figure 3. Each compensator is proportioned
so that its mutual impedance, Z., has known and
adjustable values from T = 0.51 ohm to T 8.2
ohms in 36 percent steps. Compensator mutual im-
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pedance Z¢ is defined .as the ratio of secondary
induced voltage to primary current and is equal to T.
The secondary (voltage) winding of the compensator
is in series with the applied voltage and vectorially
subtracts a valte from the applied voltage which is
proportional to IZc where I is the relay current.
When the line impedance to the electrical center or
to a fault (Zp) is less than the compensator setting
(Z¢), 1Zc becomes greater than the line voltage drop
to the electrical center or fault. This reverses the
phase sequence of the voltage applied to the relay,
and contact-closing torque is produced in the cylin-
der unit.

CHARACTERISTICS

Referring to Figure 5, the scheme of operation is
described below. The impedance circle of the relay
is set to encircle the second zone KD relay three-
phase unit. The difference between the two circles
provides a margin in ohms sufficient to give the
telephone-type relay time to operate before the
swing condition enters the characteristic circle of
zone 2 after having entered the circle of the KS
relay. The telephone-type relay will open, within 3
to 4 cycles. Its OS contacts located between the

% and_%&terminals shown in the trip circuits sec-

tion of Figure 4. Thus all of the OS contacts oper-
ate to block tripping and also to prevent the short-
circuiting and de-energizing of the OS coil as the
zone 2 contacts close. When zone 2 operates before
OS, as it does for a three-phase fault condition, a
short-circuit across the coil, OS, is completed
through the KD relay, and OS is not energized even
though the ZOS contacts do open.

General Characteristics

Impedance settings in ochms reach can be made
for any value from .51 ohms to 30 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 out-
put V, is largest when V leads the primary current,
I, by 90°. This 90 ° relationship is approached, if
the compensator loading resistor (Ryp. Rgp or
Bse) is open-circuited. The effect of the loading
resistor, when connected, is to produce an internal
drop in the compensator, which is out-of-phase with
the induced voltage, IT, ITg or ITx. 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. 8 are based upon a 75°
compensator angle setting. If the resistors Roa,
RZB and ch are adjusted for some other maximum
torque angle the nominal reach is different than in-
dicated by the taps. The reach, 2, varies with the
maximum torque angle, &, as follows:

7 6= TSsinb
(1 £ M) sin75°

TAP PLATE MARKINGS

(Tp and Tp)
.6 1.02 1.65 2.46 3.68 5.5 8.2

(Tg)
0 .18 .36 .54 .72 .9 1.08

TE
3.6 4.86 6.12

(SAr SC1 RB)
1 2 3

(Ma, M)
+ Values between taps .03 .09 .06

Current Circuit Rating in Amperes

Tap Setting Continuous 1 Second
8.2 5 240
5.5 7 240
3.68 10 240
2.46 10 240
1.65 10 240
1.02 10 240

.6 10 240

Burden

The burden which the relays impose upon poten-
tial and current transformers in each phase is shown
in Table II and Table III. The potential burden and
burden phase angle are based on 69 volts line-to-
neutral applied to the relay terminals.

SETTING CALCULATIONS

The type KS relay requires an ohm setting high
enough so that its impedance circle completely sur-
rounds the impedance circle of the zone 2 KD relay
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three-phase unit with a 2 ohm margin. The angle of
maximum torque should be the same as that of the
KD relay. The forward-looking reach Z, is equal to
the setting Z A and Zq.

= = = TS
L2 T aEmy

(Sub-letters refer to the T.A and TC compensators.)
The backward reach ZLR is a function of both Zy
and 2y, where

z,=(TE * Tp) §
(1 W,

When the proper value of ZL.R is determined
(usually 2 ohms) then the setting for Zp can be
calculated.

Zp = 1/22;, + 3/271

The S & M settings of the auto-transformer are
determined in the setting of the forward reach.

At the line angle in the forward direction, the
ohmic difference, Zpp will generally be set for two
ohms. When the two circles are concentric, the
backward reach, Z1,Rr is equal to ZDF. The for-
ward reach, Zy,, can be set up to 30 ohms. The
reverse reach, ZLR' can be set at most any prac-
tical value with the best coverage at two ohms.

Calculations for setting the KS relay are straight-
forward and apply familiar principles. Assume a
desired balance point which is 2 (relay) ohms
greater than the second-zone impedance-relay set-
ting. The general formula for setting the ohms for-
ward reach of the relay is:

- Sin 0 -
21,6 —ZL% = (Zzone 2 * 2 ohms)

The terms used in this formula are defined as fol-
lows:

Zy,0 = the desired ohmic forward reach of the relay

TS _
1TM: the tap plate setting :Z;A = Ze

T = compensator tap value

S ~ Auto-transformer primary tap value

D
1

Maximum torque angle setting of the relay

. o Sin 6 - )
(For a factory setting of 75 ° then Sin 5°

M = Auto-transformer secondary tap value.
(This is a Per Unit value and is determined by

the sum of the values between the “‘I.”* and
the ‘‘R’’ leads. The sign is positive when
‘L’ is above ‘‘R’’ and acts to Lower the Z
setting. The sign is negative when “R’’ is
above ‘L’ and acts to Raise the Z setting).

Reverse reach is calculated by the formula:
ZLR6O " Y32Zgg—1/371 ¢

Terms used in this formula are defined as follows:

Z1 r @ ~ The desired ohmic reverse reach of the
relay at O degrees maximum torque angle
setting

(Sin 6)

T = 7
B (Sin 75 °)

7 =(Tg + Tp) §
1+M

TB/+ Tg ~ compensator tap value

Z1, 9,8, &M ~ same as in forward reach formula.

Sample Calculations

An optimum forward setting can be obtained by
the following procedure.

1. Determine the desired forward reach, Z; 8,
which is (Z 10 9 1 2 ohms). Note that 2
ohms is a rule-of-thumb value selected as a
safe margin for identifying a system swing
and is not influenced by the magnitude of

Z zone 2°

2. Select the lowest tap, S, which gives a
product of 10S greater than Zy, where
. o
=gz (Sin 757)
2y, L0~ (Sn oy
3. Select a value for T that is nearest the

value Zp,. This will be the setting for Ta
S
and TC.

4. Determine the value of M that will most near-
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ly make M :g_s_ 1. If the sign is negative,
T
then the M taps are connected with the R

lead above the L lead to Raise the setting.

For example, assume the desired value of Z1 g
to be (7 T 2) = 9 ohms at 60 degrees.

1. Then 7y, = 9 X (0:966) = 10,0 ohms
(0.866)
2. The lowest tap S for 6.9 S greater than 10.0
isS = 2.

3. T nearest to —120— = 5 is 5.5 (The next lower

tap might have been selected but the highest
possible T tap is preferred).

4. M =130~ 1=0.10 (Use M = .09)

Check the setting calculations.
- 5.5 x2 =

ZL 1+.09 10.1 ohms
= (.866) —
Z 10.1 9.05 relay ohms
LY (.966)

at a maximum torque angle setting of 60
degrees. This is 100.4% of the desired
value.

An optimum reverse setting can be obtained by the
following procedure.

_ (8in 75°)
. Zn -
1. Solve for ZB where Zg ~ Zpg (Sin )

ZB@ = 1/2ZL@ + 3/2ZLR@

2. Solve for (Tg + Tg) where (T + Tg) ~

Zp (1 ‘JQ_
S

3. Select the highest possible value for Té and
set the remaining portion on the closest val-
ue of TB-

For example assume the desired value of Zj pg to
be 2 ohms at 60 degrees (Z; g has already been
established as 9 ohms at 60 degrees).

¥ 1 Then Ze = (& +3%2) 5 0.966
1. Thenzg = 5"~ * ~0.866

=7.5x 1.11 ~ 8.36 ohms

2. (Té + Tg) =8.36 x 1.09 =4 56 ohms

3. Highest possible value for T§ = 3.6 and Tg ~
4.56 — 3.6 —0.96 (Use T = .9)

7, :(36 +9> X2:824 ohm
B 1+.09 °

= .866y =
Zppo ~ 8.24 (W 7.4 ohms

Z po= 22X 74— 905 =(495-3.02) =1.93
3 3 ohms.

SETTING THE RELAY

The KS relay requires settings for each of the
three compensators (Ta, Te-TB, and T¢), each of
the two auto-transformers, primaries (Sa and S¢) and
secondaries (Mg and Mc), and the balancing resistor
Rp 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 above the operating unit.

Compensator (TA, T - TR, and T¢)

Kach set of compensator taps terminate in in-
serts which are grouped on a socket and form ap-
proximately three quarters of a circle around a cen-
ter 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 opetating current, be sure that
the screws are turned to bind snugly.

Avuto-Transformer Primary (Sp 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 8).

An ‘‘S”’ setting is made by removing the connec-
tor screw, placing the connector in position over the
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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 (Mp and M¢)

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

Values for which an ‘‘M’’ setting can be made
are from -.18 to * .18 in steps of .03. The value of
a setting is the sum of the numbers that are crossed
when going from the R lead position to the L lead
position. The sign of the ‘‘M’’ value is determined
by which lead is in the higher position on the tap
plate. The sign is positive (t) is the L lead is high-
er and negative (=) if the R lead is higher.

An ‘““M”’ setting may be made in the following
manner. Remove the connector screws so that the L
and R leads are free. Determine from the following
table the desired ‘‘M’’ value. Neither lead connector
should make electrical contact with more than one
tap at a time.

Tabulated Settings

Line Angle Adjustment

Z75° M L Lead R Lead
.85 TS +.18 .06 0
.87 TS +.15 .06 .03
.89 TS +.12 .09 0
.92 TS +.09 .09 .03
.94 TS +.06 .06 .09
97 TS +.03 .03 0
TS 0 0 0
1.03 TS -.03 0 .03
1.06 TS - .06 .09 .06
1.10 TS -.09 .03 .09
1.14 TS -.12 0 .09
1.18 TS -.15 .03 .06
1.22 TS -.18 0 .06

Rp Settings

RpB is a circuit balancing resistor. The Rp tap
setting should be the same as Sp and S¢ settings.

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-
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
adjusting the compensator loading resistors Roa,
Rop, and R2c. Refer to the section titled Calibra-
tion when a change in maximum torque angle is de-
sired.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration and heat. Mount
the relay vertically by means of the mounting stud
for the type FT projection case or by means of the
four mounting holes on the flange for the 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 mount-
ing or to the terminal stud furnished with the relay
for thick panel mounting. The terminal stud may be
easily removed or inserted by locking two nuts on
the stud and then turning the proper nut with a
wrench.

For detailed information on the F'T case refer to
I.L. 41-076.

RECEIVING ACCEPTANCE

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

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

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

ly.

Check the electrical response of the impedance
unit by using the test connections shown in Figure
9. Set Tp and T¢ for 8.2; Tg t+ Tg for 7.20; Sa,
Sc, and Rp for 1; MaA and Mc for 1.18.
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A. Use connection for Test No. 4 and adjust
the voltage between PH.1 and 1F and between PH.2
and 2F for 40 volts each so that the resultant volt-
age Vipap equals 40 volts (120-40V-40 —40V).

B. The current required to make the cylinder
unit contacts open should be between 3.08 and 3.2
amperes at an angle of 75° current lag.

C. Repeat B while using connections for Test
No. 5 and Test No. 6. The difference in values of
current that make the contacts close for each of the
three test connections should not be greater than
4% of the smallest value.

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

Check the time-delay unit by applying rated D.C.
voltage across terminals 18 and 20. Opening the
cylinder unit contacts should cause the telephone
type relay to pick up. It should drop out when the
cylinder unit contacts close.

ROUTINE MAINTENANCE

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

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

Electrical Checkpoints

A. Cylinder Unit

Using the connections for Tests Nos. 8 and 9 of
Figure 9 set the phase shifter so that the current
lags voltage by &°. The current required to open
the contacts should be within the limits specified
for each voltage. Note that for the forward reach,
connection 8, the impedance measured by the relay

7, = VL - L. Reverse reach, connection 9, mea-
2IL

sured by the relay in this test is

10

VL-L
V3,

. VLL
voltage and Iy, is phase current, Zy, :T, where I,

ZLR= -1/3 Z1,. Here V_y, isphase-to-phase

is the current found in test No. 8.

VOLTS AMPERES (9=75°) & t
TEST
NO. ViF2F i 1o
& VaF3F
40 2.88 3.1
8 80 5.75 6.90
40 5.7511 5.9 1
9 80 *11.9 *11.8

+t Phase Angle Meter Set for 8 +30°

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

lated above by the ratio Sin75°
sin

Note that Tests Nos. 8 and 9 are artificial methods
of checking the forward and reverse balance points.
These tests require a polyphase voltage supply and
only a single-phase current.

Referring to vector diagrams of Figure 10, one
can see how the forward and reverse balance points
are determined with a balanced three-phase current.
Comparing this to the artificial single-phase current
method in Figure 11 it is obvious that a similarity
exists between the two. This similarity makes it
possible to accurately check the relay balance
points using a single-phase current at the relay
maximum torque angle only.

The circle characteristics of Figure 5 cannot be
checked using a single phase current. A polyphase
current is required, with test connections as per
Test No. 7 Figure 9, to plot the characteristic cir-
cle. The reach of the relay for this connection is

Vi, —
7z _ kb Ohms.

_\/_3' I,
REPAIR CALIBRATION

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments disturbed.
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Connect the relay for testing as shown in Figure
9. The four-pole-double-throw switch shown in the
test circuit, selects the type of voltage condition,
that will be applied to the relay voltage terminals.
The rotary switch switches the fault voltage to
various terminals and thereby provides a number of
test combinations without the tester having to change
connections or readjust the phase shifter and vari-
able auto-transformers.

For best results in checking calibration, the
relay should be allowed to warm up for approximate-
ly 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 connec-
tions of Figure 9, and following the procedure out-
lined below.

Set Sp and Sc on tap number 3. Set the “‘R”’
leads of Mg and Mc all on 0.0 and disconnect the
“L’’ leads. Adjust the voltages Vipor and Vop3p
for 90 volts. Measure the voltage from terminal 8 to
the #1 tap of Sa. It should be 30 volts. From 8 to
the #2 tap of Sp should be 60 volts. The voltage
should read 30 volts from 8 to S¢c =1 and 60 volts
from 8 to S¢ ~2.

Set SpA and Sc on 1 and adjust Vipgp and
Vopgp for 100 volts. Measure the voltage drop from
terminal 8 to each of the Mp taps. This voltage
should be equal to 100 (1 + the sum of values be-
tween R and the tap being measured). Example:
100 (1 + .03 +.09) — 112 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 injured and
should be replaced.

Settings

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

Ta and TC set on 8.2; TE-Tp for 7.20
SA, Rp, and Sc set on 1
“R’’ for Mg and Mc set on 0.0

““L,” for Ma and Mc set in the top position
(.03 T .09 + .06 .18 between L. & R).

Cylinder Unit:

A. Rough Adjustment of Rma and Rpmc

Set Ryma to slightly less than half the adjust-
able range so that the adjustable band is nearer
the center than the end.

1. Using connections for test #1 of Figure 9 ad-
just brush #1 so that Vipop = V7g — 0. Ad-
just brush #2 for rated voltage across termi-
nals 8§ & 9. Adjust Rp so that the contact
floats or has a minimum or 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 7, adjust brush #2 so
that Vopsp — 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
upset the calibration of the resistors Rya and Rpmc.

Therefore, the Ryya and Ryc calibration should be
checked after any change in the maximum torque
angle. If there is an indication that the Rpya and
RMmc adjustments should be changed due to a max-
imum torque angle adjustments re-calibration can be
accomplished by adjusting Rp only.

1. Use the No. 1 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 Vop3p for 50
volts with Brush No. 1 and Brush No. 2 re-
spectively.

3. Adjust the current 10 amperes and rotate the
phase shifter to find the two angles, 81 and
£ 2, at which the contacts just open. The

maximum torque angle & then is (9—1—%@
- 30) degrees.

This angle should be between 73~ and 76~ when
received from the factory.

4. The angle O can be changed by adjusting
Roa. A lower value of resistance gives a

H
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smaller angle and a higher resistance value
gives a greater angle.

5. Use the No. 2 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

RogB.

6. Use the No. 3 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.

C. RMA and Ryme Calibration

These components, Rya and Ry, are adjusted
so that their respective circuits have the same im-
pedance angle as the circuit of the tapped resistor
Rp. These adjustments can be checked by simula-
ting all three combinations of phase-to-phase faults,
1-2, 2-3 and 3-1, as shown in the test circuit Figure
9. Each value of current required to trip the top cy-
linder unit for each of the three conditions should be
within 4% 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 RMA or RyMc can cause the spread in current
values to increase to more than 10%.

1. Connect the relay for a 1-2 fault as indicated
for Test No. 4.

2. Adjust the voltage between PH.1 and 1F and
between PH.2 and 2F for 55 volts each using
Brush No. 1 and Brush No. 2 respectively.
This will provide 10 volts between 1F and
2F (Vipop = 120 - 55.0 - 55.0 = 10 volts).

3. Adjust the phase shifter for & degrees be-
tween load current and Vpy.1-pH.o.

4. With load current set for 0.81 amperes, ad-
just RpMA so that the cylinder unit contacts
just open.

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

6. Determine the current value at which the
contacts open for a 3-1 fault using Test No.
6. If the 3-1 fault current is greater than 0.73
amperes then Rpyp is too low and Rpyc is
too high.

12

7. Increase Rpya a slight amount and reduce
RMc an equal amount until the contacts just
open for 0.73 amperes.

8. Check the current required to close the con-
tacts for Tests Nos. 4, and 5. The values
should be equal to each other within + 3%.

9. If the currents are not equal + 2% then use
the average value for Tests Nos. 4 and 5
determined in steps 8 and repeat steps 1
through 8. At first there may be an over-
correcting or pendulum action as one bal-
ances the Rya and Ryc resistors. However,
with a little experience 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
connected to 3F and Brush 2 is connected to
1F.

2. Adjust the voltages Vipgop and Vopsp 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 con-
nections to normal with Brush 1 and 1F and
Brush 2 to 3F.

E. Contact Adjustment

With the moving-contact arm against the left-
hand side of the bridge, screw the right-hand con-
tact in to just touch the moving-contact. Then back
the contact out one (1) full turn to give approximate-
1y 0.032 inch gap.

The cylinder unit is now calibrated and should
be accurate to within + 3% of the corrected tap
value setting over the range of voltages from 60
VL-1, to 120 Vi,-1,. The corrected tap value is the
actual relay reach at a given maximum torque angle
O and is equal to Zg = TS sin Qr

(1 £ M) (sin75°)

Compensator Check

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

A. Set Ta and Tc on the 8.2 tap, TB-TR on
7.20 tap.

B. Disconnect the ‘“I’’ leads of sections Ma
and Mc and the brush leads of RgA, RB,

and Roc.

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

D. Measure the compensator voltage Vg with a
high resistance voltmeter 2000 ohm/volt as
tabulated below. Refer to Figure 1 for the
location of Rga, Rogp, and Roc.

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

TABLE

Measure VC
From To Fixed Voltmeter Read.
Terminal End of
“L’ of M R - sin &
A 24 Ve 7 IT e ™
8 Rop = 85.0 volts
uLn Och R2C (9 :900)

Telephone Relay

With the cylinder unit contacts open, energize
the telephone relay through terminals 18 and 20
with rated D-C voltage and measure the time re-
quired for the contacts to open between terminals
4 and 5. This operating time should be between
three and four cycles, (50 and 66 milliseconds). The
operating time can be adjusted by bending the con-
tact-springs located at the top left-hand side of the
OS unit and by changing the armature gap.

Therelayis now calibrated and ready for service.

1

NOMENCLATURE FOR TYPE KS RELAY

Roa, Rop: Roc

ITEM DESCRIPTION
ZOS Two Element-Coils; Total D.C. Resistance = 560 to 605 ohms
Rypa & Ryc 3% Inch Resistor — 1000 ohms Adjustable
Rp 2 Inch Resistor — Fixed-adjustable Taps at 15 & 35 ohms;

adjustable 35 to 350 ohms

2 Inch Resistors - 200 chms Adjustable

Coar Coc 1.6 MFD Capacitors

TA, T Compensator (Primary Taps - .6; 1.02; 1.65; 2.46; 3.68; 5.5;
8.2)

Té—TB Compensator (Primary Taps - Tﬁ = 3.6; 4.86; 6.12
Tp = 0; .18; .36; .54; .72; .90; 1.08 *

SA, Sc Auto-Transformer (Primary Taps - 1; 2; 3)

MA, Mc Auto-Transformer (Secondary Between Taps ~ 0.0°’, .03; .09
.06)

0Ss Telephone Type Relay - D.C. Resistance ~ 475 to 525 ohms

13
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TABLE 1l
ENERGY REQUIREMENTS
VOLTAGE BURDEN
TAP 1 (CURRENT) = 0 69VL-N 3¢ S =1
SETTING PHASE A PHASE B PHASE C
M V.A. WATTS VARS V.A. WATTS VARS V.A. WATTS VARS
-.18 3.38 1.65 3.76 3.44 3.44 4.86 1.78 2.64 3.18
- .15 3.58 1.68 3.96 3.66 3.54 5.10 1.89 2.75 3.32
-.12 3.82 1.70 4.16 3.90 3.66 5.35 2.08 2,93 3.60
- .09 4.02 1.71 4.36 4.24 3.80 5.70 2.28 3.13 3.88
- .06 4.18 1.72 4.50 4.45 3.86 5.70 2.34 3.20 3.75
- .03 4.45 1.72 4.7 4.74 3.92 6.20 2.55 3.38 4.20
0 4.70 1.77 5.00 5.05 4.07 6.50 2.72 3.50 4.40
+.03 4.85 1.83 5.20 5.20 4.20 6.65 2.90 3.62 4.62
t.06 5.10 1.85 5.40 5.4 4,34 6.94 2.98 3.76 4,86
+.07 5.30 1.88 5.65 5.6 4.43 7.20 3.30 3.86 5.10
+.12 5.55 1.97 5.90 6.0 4.55 7.56 3.50 3.96 5.30
t.15 5.70 2.0 6.05 6.3 4.60 7.80 3.65 4,10 5.50
+.18 6.00 2.06 6.35 6.6 4.80 8.15 3.88 4.30 5.80
VOLTAGE BURDEN
TAP I (CURRENT) =0 69VL.N 3¢ S=2
SETTING PHASE A | PHASE B PHASE C
M V.A. WATTS VARS V.A. WATTS VARS V.A. WATTS VARS
- .18 .815 .174 .835 .95 606 1.11 .515 .56 .76
- .15 .885 .181 .90 .98 .64 1.17 .56 .59 .815
-.12 .93 .185 .745 1.04 .67 1.23 .60 .625 .87
- .09 .98 .188 1.00 1.12 .69 1.29 .64 .87 91
- .06 1.02 .191 1.04 1.17 .725 1.37 .68 .68 .97
-.03 1.09 .198 1.11 1.25 77 1.45 735 .72 1.03
0 1.17 .202 1.18 1.30 .79 1.53 775 75 1.08
+.03 1.23 .206 1.25 1.37 .815 1.6 .82 .78 1.13
+.06 1.31 .209 1.32 1.44 .84 1.67 .865 .80 1.18
+.09 1.38 .212 1.39 1.53 .89 1.77 .925 .84 1.25
+.12 1.42 .210 1.43 1.59 .915 1.84 .98 .885 1.32
+.15 1.46 .204 1.47 1.66 .94 1.90 1.03 91 1.38
+.18 1.51 .204 1.53 1.73 .965 1.09 1.09 .94 1.44
VOLTAGE BURDEN
TAP | (CURRENT) =0 69VL.N 37 $=3
SETJING PHASE A PHASE B PHASE C
V.A. WATTS VARS V.A. WATTS VARS V.A. WATTS VARS
-.18 .344 112 .36 .394 .25 47 .218 .243 .326
-.15 .360 .113 .376 .42 .258 .48 .234 .255 .348
~.12 .384 .119 .40 .44 .268 515 .25 .27 .368
- .09 .400 .121 .425 .47 .283 .55 .266 .28 .386
- .06 .420 .125 .445 .49 .294 .575 .285 .294 .41
-.03 .45 .128 .465 .52 .304 .60 .30 .304 .43
0 .465 .131 .485 .55 .318 .635 .32 .324 .455
+.03 .495 .134 .514 .57 .326 .66 .335 .33 .47
+.06 .520 .137 .535 61 .34 .695 .358 .346 .50
+.09 .540 .138 .555 .63 .348 .72 .376 .36 .52
t.12 .568 .141 .580 .66 .358 .75 .395 .37 .54
+.15 .595 .144 .615 .68 .37 .78 .415 .38 .56
+.18 .625 .146 .640 72 .385 .82 .44 .394 .55

14
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TABLE Hli

CURRENT BURDEN

O

TAP M=0 S=1 120 Vi L 5 AMPERES A0~ 3¢
SE:TlNG PHASE A TAP PHASE B TAP PHASE C
A Impedance |Resistance|Reactance STETII'::K/; Impedance |Resistance|Reactance SETTING ImpedanceResistance|Reactance
. B B T
z R iX z R X ¢ z R iX

.6 .018 017 .003 0 +3.6 .120 .031 .116 .6 .014 .0137 | .00009
1.02 .030 .029 .008 .18 +3.6 .124 .036 .118 1.02 .020 .020 .00007
1.65 .044 .041 .014 .36 +3.6 .132 .049 .122 1.65 .040 .040 .00014
2.46 .068 .063 .025 .54 t4.86 | .200 .149 .134 2.46 .058 .058 .008
3.68 .120 .110 .051 .12 t4.86 | .216 .165 .216 3.68 .096 .945 .0184
5.50 .190 .168 .088 .90 +t4.86 | .240 .190 .148 5.50 .164 .157 .0425
8.20 .330 .286 .165 1.08 +6.12] .320 .270 .175 8.20 .300 .286 .092

CURRENT BURDEN
TAP M=0 $=1 120 VL _ 50 AMPERES £0° 3¢
SETTING PHASE A TAP PHASE B TAP PHASE C
Ta Impedance |Resistance|Reactance STETII_::‘,G Impedance |[Resistance|Reactance SE_;_I"”NG Impedance[Resistance|Reactance
C
z R iX B B z R iX F4 R iX

.6 .0136 .013 .004 0 t36 .064 .0595 .026 .6 .0102 010 .0023
1.02 .022 .0214 .005 .18 +3.6 .070 .064 .0285 1.02 .0134 .0133 |.0016
1.65 .038 .036 .0046 .36 3.6 .076 .0695 .031 1.65 .023 .023 .0012
2.46 .047 .045 .0016 .54 14,86 | .126 .115 .051 2.46 .036 .0245 |.0037
3.68 .068 .0675 .0083 .72 t4.86 | .134 .123 .0545 3.68 .064 .063 .0134
5.50 .124 .120 .029 .9 14.86 | .144 .132 .058 5.50 112 .106 .0366
8.20 .220 .210 .068 1.02 t6.12 | .200 .187 .069 8.20 .210 .192 .085

15
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INSTALLATION

Westinghouse I.L. 41-492.1E
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE KS OUT-OF-STEP BLOCKING RELAY
0.51-30 OHMS

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 KS Relay (Figure 1) is a polyphase compen-
sator distance type relay used with the type KD
distance relay to prevent tripping while out-of-step
or out-of-synchronism conditions exist on the sys-
tem. It does not prevent or delay the type KD relay
from tripping on phase-to-phase faults within its
protective zone that occur during the out-of-step
condition.

CONSTRUCTION

The type KS Blocking Relay consists of three
air-gap transformers (compensators), two tapped
auto-transformers, a cylinder type operating unit, and
a time-delay telephone type relay, all mounted in the
type FT32 relay case.

Compensator

The compensators which are designated as TA,
TB1-TB, and T¢, are two-winding air-gap transform-
ers, (Figure 2). The primary, or current winding, has
seven taps which terminate at the tap block. Tp and
Tc are marked 0.6, 1.02, 1.65, 2.46, 3.68, 5.5 and
8.2, Tp-TR can be set from 3.6 ohms to 7.2 ohms
in steps of 0.18 ohms. Current flowing through the
primary coil provides an MMF which produces mag-
netic 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 resis-
tor between its minimum and maximum values re-
spectively or for 89° by open circuiting the resis-
tor. 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
inversely modify the S setting by any value from
~18 to +18 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 be-
tween taps are 0, .03, .09, and .06.

The auto-transformer makes it possible to ex-
pand the basic range of the compensators by a

multiplier of ] EM Therefore, any relay ohm set-

ting can be made within + 1.5 percent from 0.51
ohms to 30 ohms by combining the compensator
taps TA, TB-Tg., and T¢ with the auto-transformer
taps SA and MA, and Sc and MC,

SUPERSEDES |I.L. 41-492.1D dated June 1973

©ODenotes change from superseded lIssue.

EFFECTIVE JULY 1976
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I.L. 41-492.1E

LAMINATED —
PRIMARY CORE
SECONDARY
AIR GAP
TELEPHONE RELAY__|
2908 § 138 ¥ 0iE. DISTANCE uiT
4500 0 -250 V.0.C. |
THREE AIR GAP
TRANSFORMERS —
T
// e AUTO TRANSFORNER|
ADJUSTABLE CURRENT TEST JACK
ANGLE ! SRt swiTen ] E———
| N ¢
®
\\ L ree é L TRy,
o FRonT WEwm!J mz Fi.3
I 849A034 183A583
Fig. 2. Compensator Construction Fig. 3. Internal Schematic of the Type KS Relay in FT32
Case.

Cylinder Unit

The device which acts to initiate blocking is a
four-pole cylinder unit which is connected open
delta and operates as a three-phase induction motor.
Contact-closing torque is produced by the unit when
the voltage applied to its terminals has a positive-
phase sequence. Contact-opening torque is produced
when negative-phase sequence voltages are ap-
plied. Hence, the cylinder unit has restraint or oper-
ating 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. The bearing can be replaced, if neces-
sary, 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, and two locating pins. The

locating pins 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 alum-
imum cylinder assembled to a molded hub which
holds the shaft. The shaft has removable top and
bottom jewel bearings. The shaft rides between the
pbottom pin bearing and the upper pin bearing which
is adjusted to .025 inch from the top of the shaft
bearing. The cylinder rotates in the air gap formed
by the electromagnet and the magnetic core. The
stops for the moving element contact arm are an
integral part of the bridge.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to hold-
ing the upper pin bearing, the bridge is used for
mounting the adjustable stationary contact housing.
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 at-
tached to the moving contact arm by a spiral spring.
The spring adjuster is also held in place by a spring
type clamp.
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FORWARD UNIT
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R
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COMPENSATOR
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Fig. 5. Relay Characteristic on an R-X Diagram.

When the ZOS contacts, shown in Figure 3,
close, the electrical connection is made through the
stationary contact housing clamp, to the moving
contact, through the spiral spring out to the spring
adjuster clamp to short-circuit the telephone type
relay coil, OS. When operating torque causes the
contacts to open, then the short-circuit is removed
from across OS, permitting it to become energized.

Telephone Relay

The telephone-type relay unit, OS, is a slow-to-
operate type. An electromagnet attracts a right-angle
iron bracket which in turn operates a set of make-
and-break contacts. The delay in operation is ob-
tained by a copper slug which acts as a lag coil
and delays the build-up of magnetic lines of force in
the core.

When the telephone-type relay is energized, by
the opening of the cylinder unit contacts, it opens
its several sets of contacts which are normally
connected in series with the KD relay three-phase
unit contacts, and thus prevents completing the trip
circuit during an out-of-step condition (Figure 4).

OPERATION

One fundamental difference between a three-
phase fault and an out-of-step or out-of-synchronism

condition is that a fault suddenly reduces the volt-
age and increases the current, whereas during the
approach of an out-of-step condition, the voltage and
current changes are comparatively gradual. When
the line impedance to the apparent fault (Zp) is less
than the compensator setting (Z¢), 1Z¢ becomes
greater than the line voltage drop to the fault. This
reverses the compensated voltage and thereby re-
verses the phase sequence of the voltage applied to
the relay, and contact-opening torque is produced in
the cylinder unit. Under out-of-step conditions, the
apparent impedance measured by the relay anywhere
near the electrical center starts at a high value,
gradually decreases to a much lower value, and then

gradually increase again to a higher value, and thus

the system goes through a complete beat oscillation.
On the other hand, if the disturbance is a fault, the
impedance seen by the relay will suddenly drop to a
much lower value, and then either retain this value
or slightly increase due to the effects of fault re-
sistance, until the fault is cleared.

The KS relay takes advantage of the distinction
between a fault and an out-of-step condition. Under
out-of-step conditions, the KS relay will operate
followed after a short time delay by zone 2 KD relay,
as the apparent short circuit drifts toward the relay.
In case of a fault, the KS as well as one or two zZone
relays may be operated but if more than the KS relay
is to operate, the other will operate within a very
short time, and will not follow the sequence des-
cribed for an-out-of-step condition.

Blocking Unit

The four-pole cylinder unit which acts to ini-
tiate blocking for an out-of-step condition is con-
nected open delta and operates as a three-phase
induction motor. Contact closing torque is produced
by the unit when the voltage applied to its terminals
has a positive-phase sequence. Contact-opening
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 term-
inals.

Compensator

Sensitivity to the out-of-step condition is pro-
vided by compensators designated as Tpa, Tg, and
Tc in Figure 3. Each compensator is proportioned
so that its mutual impedance, Z¢, has known and
adjustable valies from T = 0.51 ohm to T -8.2
ohms in 36 percent steps. Compensator mutual im-
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pedance Zc is defined as the ratio of secondary
induced voltage to primary current and is equal to T.
The secondary (voltage) winding of the compensator
is in series with the applied voltage and vectorially
subtracts a value from the applied voltage which is
proportional to IZ; where I is the relay current.
When the line impedance to the electrical center or
to a fault (ZF) is less than the compensator setting
(Z¢), 1Z¢ becomes greater than the line voltage drop
to the electrical center or fault. This reverses the
phase sequence of the voltage applied to the relay,
and contact-closing torque is produced in the cylin-
der unit.

CHARACTERISTICS

Referring to Figure 5, the scheme of operation is
described below. The impedance circle of the relay
is set to encircle the second zone KD relay three-
phase unit.. The difference between the two circles
provides a margin in ohms sufficient to give the
telephone-type relay time to operate before the
swing condition enters the characteristic circle of
zone 2 after having entered the circle of the KS
relay. The telephone-type relay will open, within 3
to 4 cycles. Its OS contacts located between the

67‘8 and65_8terminals shown in the trip circuits sec-

tion of Figure 4. Thus all of the OS contacts oper-
ate to block tripping and also to prevent the short-
circuiting and de-energizing of the OS coil as the
zone 2 contacts close. When zone 2 operates before
OS, as it does for a three-phase fault condition, a
short-circuit across the coil, OS, is completed
through the KD relay, and OS is not energized even
though the ZOS contacts do open.

General Characteristics

Impedance settings in ohms reach can be made
for any value from .51 ohms to 30 chms 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 out-
put V, is largest when V leads the primary current,
I, by 90°. This 90 ° relationship is approached, if
the compensator loading resistor (R2A, RZB 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 induced voltage, ITp, 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.

o Tap markings in Fig. 6 are based upon a 75°
compensator angle setting. If the resistors R2A'
R2B and Ry are adjusted for some other maximum
torque angle the nominal reach is different than in-
dicated by the taps. The reach, 2, varies with the
maximum torque angle, &, as follows:

Z@: TSSlH@
(1 +M) sin 75°

TAP PLATE MARKINGS

.6 1.02 1.65 2.46 3.68 5.5 8.2

(Tg)
0 .18 .36 .54 .72 .9 1.08

Tl
3.6 4.86 6.12

(Sa- Sc. Rp)
1 2 3

(MA’ M)
.03 .09 .06

t Values between taps

Current Circuit Rating in Amperes

Tap Setting Continuous 1 Second
8.2 5 240
5.5 7 240
3.68 10 240
2.46 10 240
1.65 10 240
1.02 10 240

.6 10 240

Burden

The burden which the relays impose upon poten-
tial and current transformers in each phase is shown
in Table II and Table III. The potential burden and
burden phase angle are based on 69 volts line-to-
neutral applied to the relay terminals.

SETTING CALCULATIONS

The type KS relay requires an ohm setting high
enough so that its impedance circle completely sur-
rounds the impedance circle of the zone 2 KD relay
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three-phase unit with a 2 ohm margin. The angle of
maximum torque should be the same as that of the
KD relay. The forward-looking reach Zj, is equal to
the setting Z A and Zc.

- - - TS
ZL ZA ZC (1™

(Sub-letters refer to the T,A and T compensators.)
The backward reach Zr,g is a function of both Zy
and Zy where

7y =(TE ¥ TS
(1 tM).

When the proper value of ZLR is determnined
(usually 2 ohms) then the setting for Zg can be
calculated.

Zg < 1/27;, + 3/271 g

The S & M settings of the auto-transformer are
determined in the setting of the forward reach.

At the line angle in the forward direction, the
ohmic difference, Zpp will generally be set for two
ohms. When the two circles are concentric, the
backward reach, Zj g, is equal to ZDF. The for-
ward reach, Zp, can be set up to 30 ohms. The
reverse reach, Zy, R, can be set at most any prac-
tical value with the best coverage at two ohms.

Calculations for setting the KS relay are straight-
forward and apply familiar principles. Assume a
desired balance point which is 2 (relay) ohms
greater than the second-zone impedance-relay set-
ting. The general formula for setting the ohms for-
ward reach of the relay is:

(8in &)

= = +
Z1,6 Z, m (Zzone2 ' 2 ohms)

The terms used in this formula are defined as fol-
lows:

Z;,0 = the desired ohmic forward reach of the relay

TS _ _
Zr, =7 tm — the tap plate setting =Zj ~ Z¢
T = compensator tap value
S = Auto-transformer primary tap value

f = Maximum torque angle setting of the relay

. o Sin & =1
(For a factory setting of 75° then Sin 75° .

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).

Reverse reach is calculated by the formula:
ZLR@ =2/3 Zg 6— 1/3 Zy, g

Terms used in this formula are defined as follows:

ZLRO = The desired ohmic reverse reach of the
relay at & degrees maximum torque angle
setting

(Sin )

T = 7
BO ™ “B 5in75°

1+M
Tg + Tg = compensator tap value
Zr, 9, S, &M ~ same as in forward reach formula.

Sample Calculations

An optimum forward setting can be obtained by
the following procedure.

1. Determine the desired forward reach, ZL8,
which is (Z ;50 o + 2 ohms). Note that 2
ohms is a rule-of-thumb value selected as a
safe margin for identifying a system swing
and is not influenced by the magnitude of

z zone 2°

2. Select the lowest tap, S, which gives a
product of 10S greater than Zp, where

- o
=z (Sin 757)
2L " 26 " Em oy 3
3. Select a value for T that is nearest the

value Z1,. This will be the setting for Ty
S
and TC.

4. Determine the value of M that will most near-
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ly make M :-gi— 1. If the sign is negative,
L.

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

For example, assume the desired value of Z1,6
to be (7 T 2) = 9 ohms at 60 degrees.

1. Then z; =9 X (0.966) = 109 ohms
(0.866)
2. The lowest tap S for 6.9 S greater than 10.0
is s = 2.

3. T nearest to —120— = 5 is 5.5 (The next lower

tap might have been selected but the highest
possible T tap is preferred).

4. M :_}%rfg_“ 1~=0.10(Use M = .09)

Check the setting calculations.

- 5.5x2 -
21, 1T 9 10.1ohms
= (.866) -
Z 10.1 9.05 relay ohms
L& (.966)

at a maximum torque angle setting of 60
degrees. This is 100.4% of the desired
value.

An optimum reverse setting can be obtained by the
following procedure.

_ (Sin 75°)
1. Solve for ZB where Zp ~ Zpa W

Zpo ~ /22,9 * 3/271Rge

2. Solve for (T + Tg) where (Tg + Tg) =

Zg (1 £ M)
S

3. Select the highest possible value for Té and
set the remaining portion on the closest val-
ue of TB-

For example assume the desired value of Zy gg to
be 2 ohms at 60 degrees (Zr,g has already been
established as 9 ohms at 60 degrees).

= (9 ;. 3x2 0.966

-7.5 x1.11 = 8.36 ohms

2. (Té + TB) -=8.36 x 1.09 =4.56 ohms

3. Highest possible value for T§ = 3.6 and Tg ~
4.56 — 3.6 ~0.96 (Use Tg = .9)

7 :(3.6 +'9)X2:8.240hm
B 1 +.09 °

= .866y —
Zpg ~ 8.24 (m_s-) 7.4 ohms

Z po~ 2X 74— 905 =(495-3.02) =1.93
3 3 ohms.

SETTING THE RELAY

The KS relay requires settings for each of the
three compensators (Tp, TR-TB, and T¢), each of
the two auto-transformers, primaries (Sa and SC) and
secondaries (Ma and Mc), and the balancing resistor
RpB 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 above the operating unit.

Compensator (Tp, Tg - Tg, and T¢)

Each set of compensator taps terminate in in-
serts which are grouped on a socket and form ap-
proximately three quarters of a circle around a cen-
ter 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
cémmon 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 (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

Q) tap by a connector screw, (Figure 6).

An ‘S’ setting is made by removing the connec-
tor screw, placing the connector in position over the
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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 (Mp 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
smali 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 scréws.

vValues for which an ‘M’ setting can be made
are from -.18 to +.18 in steps of .03. The value of
a setting is the sum of the numbers that are crossed
when going from the R lead position to the L lead
position. The sign of the “M’’ value is determined
by which lead is in the higher position on the tap
plate. The sign is positive (*) is the L lead is high-
er and negative (=) if the R lead is higher.

An ‘‘M”’ setting may be made in the following
manner. Remove the connector screws so that the L
and R leads are free. Determine from the following
table the desired ‘“M’’ value. Neither lead connector
should make electrical contact with more than one
tap at a time.

Tabulated Settings

Line Angle Adjustment

Z75° M L Lead R Lead
85 TS +.18 .06 0
87 TS +.15 .06 .03
89 TS +.12 .09 0
92 TS +.09 .09 .03
94 TS +.06 .06 .09
97 TS +.03 .03 0

TS 0 0 0
1.03 TS - .03 0 .03
1.06 TS - .06 .09 .06
1.10 TS ~ .09 .03 .09
1.14 TS - .12 0 .09
1.18 TS - .15 .03 .06
1.22 TS - .18 0 .06

Rp Settings

Rp is a circuit balancing resistor. The Rp tap
setting should be the same as Sp and Sc settings.

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-
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
adjusting the compensator loading resistors Rga,
Rop, and Roc. Refer to the section titled Calibra-
tion when a change in maximum torque angle is de-
sired.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration and heat. Mount
the relay vertically by means of the mounting stud
for the type F'T projection case or by means of the
four mounting holes on the flange for the semi-flush
type FT case. Either the stud or the mounting
screws may be utilized for grounding the relay. The
electrical connections may be made directly to the
terminals by means of screws for steel panel mount-
ing or to the terminal stud furnished with the relay
for thick panel mounting. The terminal stud may be
easily removed or inserted by locking two nuts on
the stud and then turning the proper nut with a
wrench.

For detailed information on the FT case refer to
I1.L.. 41-076.

RECEIVING ACCEPTANCE

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

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

2. An electrical test to make certain that the relay
measures the balance point impedance accurate-
ly.

Check the electrical response of the impedance
unit by using the test connections shown in Figure
7. Set Tp and Tc for 8.2; T + Tp for 7.20; S84,
Sc, and Rp for 1; Ma and Mc for +.18.
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A. Use connection for Test No. 4 and adjust
the voltage between PH.1 and 1F and between PH.2
and 2F for 40 volts each so that the resultant volt-
age Vipar equals 40 volts (120-40V-40 = 40V).

B. The current required to make the cylinder
unit contacts open should be between 3.08 and 3.2
amperes at an angle of 75° current lag.

C. Repeat B while using connections for Test
No. 5 and Test No. 6. The difference in values of
{3 current that make the contacts open for each of the
three test connections should not be greater than
4% of the smallest value.

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

Check the time-delay unit by applying rated D.C.
voltage across terminals 18 and 20. Opening the
cylinder unit contacts should cause the telephone
type relay to pick up. It should drop out when the
cylinder unit contacts close.

ROUTINE MAINTENANCE

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

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

Electrical Checkpoints

A. Cylinder Unit

Using the connections for Tests Nos. 8 and 9 of

O Figure 7 set the phase shifter so that the current
lags voltage by &°. The current required to open
the contacts should be within the limits specified
for each voltage. Note that for the forward reach,
connection 8, the impedance measured by the relay

7 = .bReverse reach, connection 9, mea-
2

sured by the relay in this test is

10

Vi—L
V3,

. VLL
voltage and Iy, is phase current, Zy, :2—1—’ where 1,

ZLR= -1/3 Zp,. Here V[ _y, isphase-to-phase

is the current found in test No. 8.

VOLTS AMPERES (8~ 75°) &
TEST
NO. ViF2F - |
& VoF3F mn max
40 2.88 3.1
8 80 5.75 6.2 O
40 5.75TT 5.9 T
9 80 11.2 11.8

11 Phase Angle Meter Set for & +30°

T To determine the limits of current when & is not
equal to 75°, multiply the nominal values tabu-
lated above by the ratio in 75"

sin
Note that Tests Nos. 8 and 9 are artificial methods
of checking the forward and reverse balance points.
These tests require a polyphase voltage supply and
only a single-phase current.

Q Referring to vector diagrams of Figure 8, one
can see how the forward and reverse balance points
are determined with a balanced three-phase current.
Comparing this to the artificial single-phase current

) method in Figure 9 it is obvious that a similarity
exists between the two. This similarity makes it
possible to accurately check the relay balance
points using a single-phase current at the relay
maximum torque angle only.

The circle characteristics of Figure 5 cannot be
checked using a single phase current. A polyphase
current is required, with test connections as per

) Test No. 7 Figure 7, to plot the characteristic cir-
cle. The reach of the relay for this connection is

Vi, —
Z __L-b Ohms.

_\F’s‘ Iy,
REPAIR CALIBRATION

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



TYPE KS RELAY

I.L. 41-492.1E

Connect the relay for testing as shown in Figure

Q 7. The four-pole-double-throw switch shown in the

test circuit, selects the type of voltage condition,
that will be applied to the relay voltage terminals.
The rotary switch switches the fault voltage to
various terminals and thereby provides a number of
test combinations without the tester having to change
connections or readjust the phase shifter and vari-
able auto-transformers.

For best results in checking calibration, the
relay should be allowed to warm up for approximate-
ly 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 connec-

© tions of Figure 7, and following the procedure out-

lined below.

Set Sp and Sc on tap number 3. Set the “R’’
leads of Mp and Mc 2ll on 0.0 and disconnect the
““1,"* leads. Adjust the voltages Vipap and Vop3p
for 90 volts. Measure the voltage from terminal 8 to
the #1 tap of Sp. It should be 30 volts. From 8 to
the #2 tap of Sa should be 60 volts. The voltage
should read 30 volts from 8 to Sc =1 and 60 volts
from 8 to S¢ ~2.

Set Sp and Sc on 1 and adjust Vip2p and
Vomgp for 100 volts. Measure the voltage drop from
terminal 8 to each of the Mp taps. This voltage
should be equal to 100 (1 + the sum of values be-
tween R and the tap being measured). Example:
100 (1 + .03 +.09) = 112 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:

Ta and TC set on 8.2; TB-Tg for 7.20
SaA, Ry, and S¢ set on 1
“R’’ for MA and Mc set on 0.0

«“1,” for Mg and Mc set in the top position
(.03 +.09 t+ .06 .18 between L & R).

Cylinder Unit:

A. Rough Adjustment of Rya and RMC

Set Rma to slightly less than half the adjust-
able range so that the adjustable band is nearer
the center than the end.

O 1. Using connections for test #1 of Figure 7 ad-
just brush #1 so that Vipop = Vqg = 0. Ad-
just brush #2 for rated voltage across termi-
nals 8 & 9. Adjust R so that the contact
floats or has a minimum or 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 7, adjust brush #2 so
that Vopsp ~ Vgg = 0. Adjust brush #1 for
rated voltage across terminals 7 & 9. Adjust
RMcC 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
upset the calibration of the resistors Rya and RMC,
Therefore, the Ryja and Ryc calibration should be
checked after any change in the maximum torque
angle. If there is an indication that the Rya and
RMc adjustments should be changed due to a max-
imum torque angle adjustments re-calibration can be
accomplished by adjusting Ry only.

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

9. Adjust the voltage Vipop and Vopgp for 50
volts with Brush No. 1 and Brush No. 2 re-
spectively.

3. Adjust the current 10 amperes and rotate the
phase shifter to find the two angles, &1 and
g 9. at which the contacts just open. The

maximum torque angle O then is (_6_1__;_@—2
- 30) degrees.

This angle should be between 737 and 76 © when
received from the factory.

4. The angle & can be changed by adjusting
Roa. A lower value of resistance gives a

n
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smaller angle and a higher resistance value
gives a greater angle.

5. Use the No. 2 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

RoB.

6. Use the No. 3 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.

C. RmA and Ry Calibration

These components, RyaA and Ryc, are adjusted
so that their respective circuits have the same im-
pedance angle as the circuit of the tapped resistor
Rp. These adjustments can be checked by simula-
ting all three combinations of phase-to-phase faults,
1-2, 2-3 and 3-1, as shown in the test circuit Figure
9. Each value of current required to trip the cy-
linder unit for each of the three conditions should be
within 4% 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 RMA or Ry can cause the spread in current
values to increase to more than 10%.

1. Connect the relay for a 1-2 fault as indicated
for Test No. 4.

2. Adjust the voltage between PH.1 and 1F and
between PH.2 and 2F for 55 volts each using
Brush No. 1 and Brush No. 2 respectively.
This will provide 10 volts between 1F and
2F (Vipop = 120 - 55.0 - 55.0 = 10 volts).

3. Adjust the phase shifter for O degrees be-
tween load current and Vpy. 1-pH.2.

4. With load current set for 0.81 amperes, ad-
just RyA so that the cylinder unit contacts
just open.

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

6. Determine the current value at which the
contacts open for a 3-1 fault using Test No.
6. If the 3-1 fault current is greater than 0.73
amperes then Rypa is too low and Ry is
too high.

12

7. Increase Rpya a slight amount and reduce
Rpc an equal amount until the contacts just
open for 0.73 amperes.

Q8. Check the current required to open the con-
tacts for Tests Nos. 4, and 5. The values
should be equal to each other within *+ 3%.

O 9. If the currents are not equal *39 then use
the average value for Tests Nos. 4 and 5
determined in steps 8 and repeat steps 1
through 8. At first there may be an over-
correcting or pendulum action as one bal-
ances the RMaA and Ryc resistors. However,
with a little experience 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
connected to 3F and Brush 2 is connected to
1F.

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

E. Contact Adjustment

With the moving-contact arm against the left-
hand side of the bridge, screw the right-hand con-
tact in to just touch the moving-contact. Then back
the contact out one (1) full turn to give approximate-
ly 0.032 inch gap.

The cylinder unit is now calibrated and should
be accurate to within + 3% of the corrected tap
value setting over the range of voltages from 60
VI,-1, to 120 Vi,-1,. The corrected tap value is the
actual relay reach at a given maximum torque angle

O and is equal to Zg = TS sin @O
(1 £M) (sin75"7)

Compensator Check

Accuracy of the mutual impedance Z¢ of the
compensators is set within very close tolerances at
the factory and should not change under normal con-
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ditions. The mutual impedance of the compensators
be checked with te instruments by the Measure V¢
can de N ectl' dt: 1 accurate lnstruments by From To Fixed Voltmeter Read.
procedure outlined below. Terminal End of
7/ .
A. Set Tp and T¢ on the 8.2 tap, Tg-Tg on “L’ of Mp Rop Vo = IT Sk gy
7.20 tap. sin 75
. . 8 RoB = 85.0 volts
B. Disconnect the ‘‘L’’ leads of sections Ma
and Mc and the brush leads of R3a, -
c 2A R2B' “L” Of MC R2C (9 - 900)
and Roc.
C. Connect terminals 13 to 15, 14 to 16 and Telephone Relay
pass 10 amperes a.c. current in terminal 17
and out of terminal 12. With the cylinder unit contacts open, energize
the telephone relay through terminals 18 and 20
D. Measure the compensator voltage V¢ with a with rated D-C voltage and measure the time re-
high resistance voltmeter 2000 ohm/volt as quired for the contacts to open between terminals
tabulated below. Refer to Figure 1 for the 4 and 5. This operating time should be between
location of Rga, Rog, and RyC. three and four cycles, (50 and 66 milliseconds). The
operating time can be adjusted by bending the con-
E. Any compensator that has an output which is tact-springs located at the top left-hand side of the

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

TABLE
NOMENCLATURE FOR

OS unit and by changing the armature gap.
Therelayis now calibrated and ready for service.

1
TYPE KS RELAY

Roas Rop: Roc

ITEM DESCRIPTION
Z0OS Two Element-Coils; Total D.C. Resistance = 560 to 605 ohms
Rya & Ryc 3% Inch Resistor - 1000 ohms Adjustable
Rp 2 Inch Resistor - Fixed-adjustable Taps at 15 & 35 ohms;

adjustable 35 to 350 ohms

2 Inch Resistors - 200 ohms Adjustable

Compensator(Primaxy Taps - .6; 1.02; 1.65; 2.46; 3.68; 5.5;

Auto-Transformer (Secondary Between Taps - 0.0’ , .03; .09

CzA’ Coc 1.6 MFD Capacitors

Ty, Te
8.2)

Tg-Tg Compensator (Primary Taps - TR = 3.6; 4.86; 6.12
Tg = 0; .18; .36; .54; .72; .90; 1.08 *

SA, Sc Auto-Transformer (Primary Taps - 1; 2; 3)

My, M
.06)

0s Telephone Type Relay ~

D.C. Resistance =475 to 525 ohms

13
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TABLE II
ENERGY REQUIREMENTS

VOLTAGE BURDEN

TAP 1 (CURRENT) = 0 69VL.N 3¢ S =1
SETTING PHASE A PHASE B PHASE C
M V.A. WATTS VARS V.A. WATTS VARS V.A. WATTS VARS
-.18 3.38 1.65 3.76 3.44 3.44 4.86 1.78 2.64 3.18
~.15 3.58 1.68 3.96 3.66 3.54 5.10 1.89 2.75 3.32
-.12 3.82 1.70 4.16 3.90 3.66 5.35 2.08 2.93 3.60
-.09 4.02 1.71 4.36 4.24 3.80 5.70 2.28 3.13 3.88
- .06 4.18 1.72 4.50 4.45 3.86 5.70 2.34 3.20 3.75
- .03 4.45 1.72 4.71 4.74 3.92 6.20 2.55 3.38 4.20
0 4.70 1.7 5.00 5.05 4.07 6.50 2.72 3.50 4.40
+.03 4.85 1.83 5.20 5.20 4.20 6.65 2.90 3.62 4.62
+.06 5.10 1.85 5.40 5.4 4.34 6.94 2.98 3.76 4.86
+.07 5.30 1.88 5.65 5.6 4.43 7.20 3.30 3.86 5.10
t.12 5.55 1.97 5.90 6.0 4.55 7.56 3.50 3.96 5.30
+.15 5.70 2.0 6.05 6.3 4.60 7.80 3.65 4.10 5.50
+.18 6.00 2.06 6.35 6.6 4.80 8.15 3.88 4.30 5.80
VOLTAGE BURDEN
TAP 1 (CURRENT) = 0 69VL-N 3¢ 5= 2
SETTING PHASE A l PHASE B PHASE C
M V.A. WATTS VARS V.A. WATTS VARS V.A. WATTS VARS
-.18 .815 .174 .835 .95 .606 1.11 .515 .56 .76
- .15 .885 .181 .90 98 .64 1.17 .56 .59 .815
-.12 .93 .185 745 1.04 .67 1.23 .60 625 .87
-.09 .98 .188 1.00 1.12 .69 1.29 .64 .67 91
- .06 1.02 .191 1.04 1.17 125 1.37 .68 .68 .97
-.03 1.09 .198 1.11 1.25 11 1.45 135 12 1.03
0 1.17 .202 1.18 1.30 .79 1.53 775 .75 1.08
+.03 1.23 .206 1.25 1.37 .815 1.6 .82 .18 1.13
+.06 1.31 .209 1.32 1.44 .84 1.67 .865 .80 1.18
+.09 1.38 .212 1.39 1.53 .89 1.77 .925 .84 1.25
+.12 1.42 .210 1.43 1.59 915 1.84 .98 .885 1.32
+.15 1.46 .204 1.47 1.66 .94 1.90 1.03 .91 1.38
+.18 1.51 .204 1.53 1.73 .965 1.09 1.09 .94 1.44
VOLTAGE BURDEN
TAP I (CURRENT) =0 69V N 3¢ s=3
SETTING PHASE A PHASE B PHASE C
M V.A. WATTS VARS V.A. WATTS VARS V.A. WATTS VARS
-.18 .344 .112 .36 .394 .25 .47 .218 .243 .326
-.15 .360 .113 .376 .42 .258 .48 .234 .255 .348
-.12 .384 .119 .40 .44 .268 .515 .25 27 .368
-.09 .400 .121 .425 .47 .283 .55 .266 .28 .386
- .06 .420 .125 .445 .49 .294 .575 .285 .294 .41
-.03 .45 .128 .465 .52 .304 .60 .30 .304 .43
0 .465 .131 .485 .55 .318 .635 .32 .324 .455
+.03 .495 .134 .514 .57 .326 .66 .335 .33 .47
+.06 .520 137 .535 .61 .34 .695 .358 .346 .50
+.09 .540 .138 .555 .63 .348 72 .376 .36 .52
+.12 .568 .141 .580 .66 .358 .75 .395 .37 .54
+.15 .595 .144 .615 .68 .37 .18 .415 .38 .56
+.18 .625 .146 .640 12 .385 .82 .44 .394 .575




TYPE KS RELAY IL. 41-492.1E
TABLE HI
CURRENT BURDEN
TAP M=0 s=1 120 V- L 5 AMPERES /0° 3¢
SETTING PHASE A TAP PHASE B TAP PHASE C
TA Impedance |Resistance{Reactance SETIIN(/; Impedance [Resistance|Reactance [SETTING |ImpedanceResistance|Reactance
z R iX T8 T8 z R iX Te z R iX
6 .018 017 .003 |0 +3.6 | .120 .031 116 .6 .014 .0137 | .00009
1.02 .030 .029 .008 .18 3.6 | .124 .036 118 1.02 | .020 .020 | .00007
1.65 .044 .041 .014 .36 3.6 | .132 .049 122 1.65 | .040 .040 | .00014
2.46 .068 .063 .025 .54 t4.86| .200 .149 .134 2.46 | .058 .058 | .008
3.68 120 .110 .051 12 14.86 | .216 .165 .216 3.68 | .096 .0945 |.0184
5.50 .190 .168 .088 .90 +4.86 | .240 .190 .148 5.50 | .164 157 |.0425
8.20 .330 .286 165 [1.08 t6.12| .320 .270 175 8.20 | .300 .286 | .092
CURRENT BURDEN
AP M=0 s=1 120 VL - 50 AMPERES £0° 3¢
SETTING PHASE A TAP PHASE B TAP PHASE C
T TaA  |Impedance |Resistance|Reactance STEBTI':E Impedance [Resistance| Reactance SE;:'NG Impedance |Resistance| Reactance
Z R iX z R iX z R iX
.6 .0136 | .013 004 | 0 +3.6 | .064 .0595 | .026 .6 .0102 | .010 |.0023
1.02 .022 .0214 | .005 .18 3.6 | .070 .064 .0285 | 1.02 |.0134 | .0133 |.0016
1.65 .038 .036 .0046 | .36 t3.6 | .076 .0695 | .031 1.65 |.023 .023  |.0012
2.46 .047 .045 .0016 | .54 t4.86 | .126 115 .051 2.46 | .036 .0245 {.0037
3.68 .068 .0675 .0083 .72 t4.86 | .134 .123 .0545 3.68 .064 .063 .0134
5.50 124 .120 .029 .9 t4.86 | .144 132 .058 5.50 |.112 .106  |.0366
8.20 .220 .210 .068 1.08 +6.12 | .200 .187 .069 8.20 .210 .192 .085

15



TYPE KS RELAY

b |

Fig. 6. Tap Plate.
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Zg=27 -
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1E My 1E Mg

vy
2ir=(22p-12,) - (2zp-L7)- ==
3 3 348734C 3 1g
(A) FORWARD BALANCE POINT CONDITIONS (B) REVERSE BALANCE POINT CONDITIONS
184A5217

€ Fig. 8. Vector Diagrams of the Forward and Reverse Balance Point Conditions for Type KS Relay.

VL_L V
= = s — 'g -4 = —L_L !
ZL=ZazZc® 57, ZLr*378 3ZL'(\EI -3ZA)
B

(A) FORWARD BALANCE POINT CONDITIONS (B) REVERSE BALANCE POINT CONDITIONS

184A528

Fig. 9. Vector Diagrams of the Artificial Forward and Reverse Balance Point Conditions when testing with Single Phase
Current for Type KS Relay.
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Fig. 10. Outline-Drilling Plan for the Type KS Relay in the FT32 Case.
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