Westinghouse I.L. 41-748.1D
INSTALLATION e OPERATION o MAINTENANCE

INSTRUCTIONS

TYPE KLF-1 LOSS-OF-FIELD RELAY

CAUTION Before putting protective relays into
service, remove all blocking which may have been
inserted for the purpose of securing the parts dur-
ing shipment, 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 KLF-1 relay is a single-phase relay
connected to the ac side of a synchronous machine
and contains three units connected so that the
operation of two units sounds an alarm warning
the operator of a low excitation condition, and the
additional operation of the third unit sefs up the
trip circuit. The relay can be appliéd, without
modification to all types of synchrenous
machines, such as turbo-generator, water, wheel
generator or synchronous condensgrs,

This relay is designed for circuit§yusing 4 wire
wye-connected voltage transformers. Separate
phase to ground voltages applied'te the directional,
impedance and unders¥voltage elements, thus
minimizing the chance ef false,operation due to in-
advertent loss-of-poténtial{such as due to a blown
potential fuse). On, Cirecuits with 3-phase 3-wire
connected voltage gransformers, the type KLF
relay is used.

CONSTRUCTION

The relay consists of two air-gap transformers
(compensators), two tapped auto-transformers,
onereactor, one cylinder-type distance unit, direc-
tional unit with adjustable resistor, an under-
voltage unit with adjustable resistor, telephone
relay, and an ICS indicating contactor switch.

’

COMPENSATOR

The compensators avhich are designated T o and
T are two-winding air“gap transformers (Fig. 2).
The primary omgcurrent winding of the long-reach-
compensatofE A ‘has seven taps which terminate
at the bloek. They are marked 2.4, 3.16, 4.35, 5.93,
8.3, 11 5nl5.8yThe primary winding of the short-

‘reach Compensator T¢ also has seven taps which

terminateyat this tap block. They are marked 0.0,
0.91% 1°27, 1.82, 2.55, 3.64, 5.1. A voltage is in-
duced)in the secondary which is proportional to
theyprimary tap and current magnitude. This pro-
pertionality is established by the cross sectional
area of the laminated steel core, the length of an
air gap which is located in the center of the coil,
and the tightness of the laminations. All of these
factors which influence the secondary voltage
proportionality have been precisely set at the fac-
tory. The clamps which hold the laminations
should not be disturbed by either tightening or
loosening the clamp screws.

The secondary winding is connected in series
with the relay terminal voltage. Thus a voltage
which is proportional to the line current is added
vectorially to the relay terminal 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 sub-
tractively to inversely modify the S setting by any
value from —15 to +15 percent in steps of 3 per-
cent.

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
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Fig. 2. Compensator Construction

per unit values between the R and L Jead.Bhe ac-
tual per unit values which appear on the'tap plate
between taps are 0., .03, .06, andw.06;

The auto-transformer makes itapossible to ex-
pand the basic ranges of the longtand short reach

S
—1-1_-—M' Any re-
lay ohm setting can beymade within + 1.5 percent
from 2.08 ohms t¢ 56"ohms for the long reach and

from .79 ohms tod8 ohms for the short reach.

compensators by a multiplienof

IMPEDANCE TRIPPING UNIT

The distance unit is a four pole induction
cylinder type unit. The operating torque of the
unit is preportional to the product of the voltage
quantities applied to the unit and the sine of the
phase angle between the applied voltages. The
direction of the torque so produced depends on the
impedence vector seen by the relay with respect to
its characteristic circle.

Q) Fig- 3. Internal Schematic of Type KLF-1 Relay in FT41 Case

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 a 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 necessary, without
having to remove the magnetic core from the
frame.

The electromagnet has two sets of two series
connected coils mounted diametrically opposite
one another to excite each set of poles. Locating
pins on the electromagnet are used to accurately
position the lower pin bearing, which is mounted
on the frame, with respect to the upper pin bear-
ing, which is threaded into the bridge. The elec-
tromagnet is secured by the frame by four moun-
ting screws.

The moving element assembly consists of a
spiral spring, contact carrying member, and an
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aluminum cylinder assembled to a molded hub
which holds the shaft. The hub to which the
moving-contact arm is clamped has a wedgesand-
cam construction, to provide low-bounge contact
action. A casual inspection of the assembly,might
lead one to think that the contact afm bracket
does not clamp on the hub as tightly“as it'should.
However, this adjustment is accuratelywmade at
the factory and is locked in placewith'a lock nut
and should not be changed. Qptimuff contact ac-
tion is obtained when a,forcesof 4 to 10 grams
pressure applied to thesfacewef the'moving contact
will make the arm slip one-fourth of its total free
travel. Free travel is'thé angl€ through which the
hub will slip from the“eendition of reset to the
point where the clamp projection begins to ride up
on the wedge. The free travel can vary between
15° to 20°.

The shaftthas‘removable top and bottom jewel
bearings.\The“shaft rides between the bottom pin
bearing™and the upper pin bearing with the
cylifider rotating in an air gap formed by the elec-

tromagnet and the magnetic core. The stops are
an integral part of the bridge.

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

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

The directional unit is an induction cylinder
unit operating on the interaction between the
polarizing circuit flux and the operating circuit
flux.

Mechanically, the directional unit is.coffiposed
of the same basic components as the distance'unit:
A die-cast aluminum frame, an electtomagnet, a
moving element assembly, and a molded, bridge.

The electromagnet has twogseries-connected
polarizing coils mounted diametrically opposite
one another; two series-conn€etedoperating coils
mounted diametrically oppesite ‘one another; two
magnetic adjusting plugs; upper and lower ad-
justing plug clips, andv twaglocating pins. The
locating pins are used to ‘@ccurately position the
lower pin bearingmwhich is threaded info the
bridge. The glecttomagnet is secured to the frame
by four mounting ‘serews.

The“moving #lement assembly consists of a
spiral spring,#cContact carrying member, and
aluminum 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 with the cylinder rotating in an air gap
formed by the electromagnet and the magnetic
core.
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The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to
holding the upper pin bearing, the bridge is used
for mounting the adjustable stationary contact
housing. The stationary contact housing is held in
position by a spring type clamp. The spring ad-
juster is located on the underside of the bridge and
is attached to the moving contact arm by spiral
spring. The spring adjuster is also held in place by
a spring type clamp.

UNDERVOLTAGE UNIT

The voltage unit is an induction-cylinder unit.

Mechanically, the voltage unit is composed
like the directional unit, of four components: A
die cast aluminum frame, an electromagnet, a
moving element assembly, and a molded bridge.

The electromagnet has two pairs of voltage
coils. Each pair of diametrically opposed coils is
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Fig. 7. Typical Machine Capacity Curves Plotted on a Per Unit
KVA Basis (183,500 KVA, 45# H2, 18KV, 0.9 pf, 0.64
SCR, inner-cooled, 3600 rpom.)

connected in series. In addition one pair is in series
with an parallel R-C combination. These sets are
in parallel as shown in Fig. 3. The adjustable
resistor serves not only to shift the phase angle of
the one flux with respect to the other to produce
torque, but it also provides a pick-up adjustment.

Otherwise the undervoltage unit is similar in
its construction to the directional unit.

TELEPHONE RELAY

The telephone relay (X) has a slow drop=out
characteristic. When energized, the solénoidycore
attracts an iron right-angle armatureybracket
which in turn opens the break contactsy In actual
service, the relay is normally energizedholding the
break contacts open. (Note: the make contacts are
not used.) Drop-out delay adjustment is obtained
by varying the air-gap between the armature and
the core.

INDICATING CONTACTOR SWITCH UNIT
(ICS)

The dc indicating, contactor switch is a small
clapper-type 4device. A magnetic armature, to
which leaf<spring mounted contacts are attached,
is attracted ‘to the magnetic core upon energiza-
tion of ‘the switch. When the switch closes, the
movingseontacts bridge two stationary contacts,
corfipleting the trip circuit. Also during this opera-
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Fig. 8. Typical Machine Capability Curves and Sample KLF-1
Settings — Per Unit Impedance

tion two fingers on the armature deflect a spring
located on the front of the switch, which allows the
operation indicator target to drop. The target is
reset from the outside of the case by a push rod
located at the bottom of the cover.

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

OPERATION

The relay is connected and applied to the
system as shown in Fig. 4. The directional unit
closes its contacts for lagging var flow into the
machine. Its zero torque line has been set at —13°
from the R-axis. Its primary function is to prevent
operation of the relay during external faults. The
impedance unit closes its contacts when, as a
result of reduction in excitation, the impedance of
the machine as viewed from its terminals is less
than a predetermined value. The operation of both

e
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the impedance and directional units sounds an
alarm, and the additional operation of the under-
voltage unit trips the machine. As shown in Fig. 4,
the contacts of all three units are connected in
series across a telephone type relay designated X,
which provides approximately 15 cycles time
delay on dropout before energizing the trip coil.
This time delay is to insure positive contact coor-
dination under all possible operating conditions.
During normal conditions, all contacts are open.

PRINCIPLE OF DISTANCE UNIT
OPERATION

The distance unit is an induction cylinder unit
having directional characteristics. Operation
depends on the phase relationship between
magnetic fluxes in the poles of the electromagnet.

One set of opposite poles, designated as the
operating poles are energized by voltage VaAQ
modified by a voltage derived from the long reach
compensator T o. The other set of poles (polariz-

O ing) are energized by the same voltage VA except

modified by a voltage derived from the short reach
compensator T¢: The flux in the polariZing)pole
is so adjusted that the unit closes its,contacts
whenever flux in the operating set ofypolesyleads
the flux in the polarizing set.

Reach of the distance unitgs determined by
compensators Tp and Tg, as modified by auto-
transformer settings. CompensaterS§ Tpo and TC
are designed so that its mutual Tmpedance Za or
Zc has known and adjustableyyalues as described
below under CHARACTERISTICS and SET-
TINGS. The mutualimpédance of a compensator
is defined here assthe ratio of secondary induced
voltage to primary current and is equal to T.
Each secondary compensator voltage is in series
with voltage, VA@. Compensator voltages are
equal to ] AZ A dor long reach compensator and
IoZc fortshoft reach compensator, where I, is
the relay current.

Fig. 5 shows how the compensation voltages
IAZA and IpAZc influence the R-X circle. Note
that® ZA independently determines the *‘long
reach”, while Zc independently fixes the *“‘short
reach”. With the reversing links in the normal
position (+ZC) the circle includes the origin; with

the opposite link position (—Z) the circle misses
the origin. The following paragraphS¥explain this
compensator action.

Referring to Fig. 4 note that X and C¢ cause
the polarizing voltage to be shifted®0° in the lead-
ing direction. Thus, whem the current is zero,
polarizing voltage Vo[ Jd€ads the operating volt-
age Vop by 90°, as shewn4n Fig. 6(a). This rela-
tion produces restrdining torque. To illustrate how
Za fixes the longireach, assume a relay current
which leads VA by 90° and of sufficient magni-
tude to operateythe relay. This means the apparent
impedancesiSialong the —X axis. Note in Fig. 6(b)
that the Zp compensation reverses the operating
voltage®phasey position. The relay balances when
this voltage¥is zero. Note that this balance is un-
affeeted'by the ZC compensation, since this com-
pensation merely increases the size of VpQL.

For lagging current conditions note in Fig. 6(c)
héw VpQL is reversed by the Zc compensation.
In this case Za compensation has no effect on the
balance point. This explains why the short reach
point is fixed independently by Zc.

Fig. 6 assumes that Z¢ is positive (circle in-
includes origin). If the current coil link is reversed,
the compensation becomes +Z¢. In Fig. 6(b) this
change would result in, VpoL being reduced rather
increased by the compensation. As the current in-
creases VpQoL will finally be reversed, reestablish-
ing restraining torque. Thus, the current need not
reverse in order to obtain a ‘““short-reach’ balance
point. Instead the apparent impedance need only
move towards the origin in the —X region to find.
the balance point. Therefore, the circle does not
include the origin with a reversed link position.

CHARACTERISTICS

The tupe KLF relay is available in one range.
Long Reach ohms - 2.08 to 56. Short Reach ohms
- 0.79 to 18.0.

DISTANCE UNIT

The distance unit can be set to have charac-
teristic circles that pass through origin, include it,
or exclude it, as shown in Fig. S.
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The Za and Z values are determined by com-
pensator settings and modified by autotransformer
settings S, L, and R. The impedance settings in
ohms reach can be made for any value from 2.08
to 56 ohms for Z 5 , and from 0.79 ohm to 18 ohms
for Zc in steps of 3 percent.

The taps are marked as follows:

TaA
2.4, 3.16, 4.35, 5.93, 8.3, 11.5, 15.8
Tc
0.0, 0.91, 1.27, 1.82, 2.55, 3.64, 5.1
(SA, SQ)
1,23
Ma, M(Q)

+ values between taps .03, .06, .06

DIRECTIONAL UNIT

The KLF relay is designed for potential
polarization with an internal phase shifter, so that
maximum torque occurs when the operating
current leads the polarizing voltage by 43 degrees.
The minimum pickup has been set by the spring
tension to be approximately 1 volt and S ampere
at maximum torque angle.

UNDERVOLTAGE UNIT

The undervoltage unit is designed te clese its
contacts when the voltage is lower than the’ set
value. The undervoltage unit is energized with
VpH 3-N- The contacts can be adjtsted’to close
over the range of 60 to 100 percent of normal sys-
tem voltage. The actual rangeofadjustment is 40
to 70 VL .N. The dropout ratié of the unit is 98
percent or higher.

TRIP CIRCUIT

The main contacts will'safely close 30 amperes
at 250 volts dc and the seal-in contacts of the in-
dicating contactor sWitch will safely carry this
current long enough to trip a circuit breaker.

Thedndieating contactor switch has two taps
that provide a pick-up setting of 0.2 or 2 amperes.
Togchange taps requires connecting the lead

located in front of the tap block to the desired set-
ting by means of a screw connection.

TRIP CIRCUIT CONSTANT

Indicating Contactor Switch (ICS)

0.2 ampere tap - 6.5 ohm dgfresistance
2.0 ampere tap - 0.15 ohm defresistance

BURDEN
Current
@5 amps,q60 Herstz O
Ta & TC ANGLE
SETTINGS™, VA" OFLAG
MAX. 12.05 58°
MIN. 4.17 36°
Potential

@ 69Wolts, (m-Ground) 60 Hertz ©
Phase'l S 6.1 VA at 9° current lag
S =2 1.5 VA at 9° current lag

S=3 0.7 VA at 9° current lag

Phase 2 3.18 VA at 48° current lag
Phase 3 2.76 VA at 43° current lag
DC Circuit
RATING WATTS @ RATED
125 3.9
250 7.8

THERMAL RATINGS
Potential: 75 volts (L-N) continuous

Current: 8 amperes continuous
200 amperes for 1 second

SETTINGS CALCULATIONS

DISTANCE UNIT

Set the distance unit to operate before the
steady-state stability limit is exceeded. Also, to
allow maximum output without an alarm, set the
distance unit to allow the machine to operate at
maximum hydrogen pressure and 0.95 per unit
voltage (lowest voltage for which the capability
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curve applies). Where the maximum capability of
the machine cannot be realized without exceeding
the steady-state stability limit, set the distance
unit to operate before the steady-state limit is ex-
ceeded. Capability curves similar to Fig. 7 are ob-
tained from the generator manufacturer.

To determine the desired setting convert the
capability curve of Fig.-7 to the impedance curve of

V12,
Fig. 8 by calculating where V7 is the

(KVA)c

per unit terminal voltage and (KVA)C is the per
unit output. The angle of each point on the im-
pedance curve is the same angle as the correspond-
ing point on the capability curve.

For example, from Fig. 7, an output of 0.6 per

unit KW on the 30# Hj curve is —0.4 per unit re-
active KVA. Therefore,

=-/0.62 + (—0.4)4 =0.715 per unit

~0.4
d, ® = tan ! <—)= ~33.6°
an an 06

\(KVA)C

Converting to the impedance ciirve:
| vi2 | 102
2|7 [®KVAY,| = 03

= {4 per unit

Since the angle remaifis,the same, the imped-

ance plot conversion is!
Z =14 | —=33.69 as shown in Fig. 8.

After plettinggthelsteady-state stability limit
and the machine capability curves on the R-X dia-
gram, plot the relay circle between the stability
limit andythe capability curve. (Note in Fig. 8 that
the relay cirelé cannot be plotted within the 60# —
VT = 0.95 curve, since the machine is beyond the
steady-state stability limit for these conditions.)
This plot defines the desired reach Za and radius
R ‘of the relay circle. Then use the following pro-
cedure to select tap settings.

7 _ 1000 (kv)2 R¢
base (kva) Ry

ohms

where
Zpase = one per unit primary, ohms/as
seen from the relay,

kv = rated phase-to-phase voltage of
the machine.

kva = rated k¥va ofithe machine.
R = the “eurrent” transformer ratio.

Ry = the potential transformer ratio.

The actual settings, ZA and ZC are:
2, =(Z A per unit) x (Zpase)
ZC = (Z per unit) x (Zpage) =
(2R=ZA) x (Zpase)

where R = radius of circle in per unit.

The tap-plate settings are made according to
equations:

TS
ZA (or Zg) = ——— ()
A © 1+ M

where:

T = compensator tap value

9]
Il

auto-transformer primary
tap value.

M = auto-transformer secon-
dary tap value.

(M is a per-unit value determined by taking 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).

The following procedure should be followed to
obtain an optimum setting of the relay:

1. Select the lowest tap S which give a product
of 18.6SA greater than desired ZA and a
product of 6SC greater than desired Zc.

2. Select a value of M that will most nearly
make it equal to:

M =—Z——1.
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If the sign is negative, then the M taps are con-
nected with the R lead above the L lead to raise
the setting.

SAMPLE CALCULATIONS

Assume that a KLF relay is to be applied to the
following machine:

3-phase, 60 cycles, 3600 rpm, 18 kv, rated at
0.9 pf, 183,500 KVA at 45# H».

R¢ = 1400/1 Ry = 150/1

If the recommended setting from Fig. 8 is used:

The relay circle needed for a particular set of
machine capability curves may be obtained by
trial and error using a compass. The offset and

radius of the relay circle in Fig. 8 were drawn by
this method.

ZA per unit = 1.68
Zcperunit =2R —ZA =2x0.94 — 1.68 = 0.20

_1000(kv)2R; _ 1000 x (18)2 x 1400

1) Zbase = —va)R, 183,500 x 150
= 16.45 ohms
(2) ZA = ZA (per unit) (Zpase) = (1.68) (16.45)
= 27.6 ohms
= 3.29 rhms

To set Z4 = 27.6 ohms

Step 1: The lowest tap Sp for 8% Sa@greater
than Zpo = 27.6 is 2. Set Sa}in tap 2.

Step 2: Tp nearest to 27.6 ¥ 13:8,1s Tp = 15.8.
2

Set Tp in 16.8 tap

Step3: My = TAZSA N 15.;;2 2

1.145 —1 =4t .145

1 =

Set M = +S,. Place R lead in O, L lead in upper
.06. Thetrelay, setting is now:

TaSA _ 158x2_ 31.6_

T+M 1+0.15 1.15 275

Actual Zwn)=

10

This is 99.7% of the desired setting.
To set Z¢ = 3.29 ohms:

Step 1: The lowest tap Sc for 6SC greater than

-1

3.29is SC = 1.
Set Sc =1
Step 2: TC nearest to w = 3.29 is 3464
1
Set Tc in 3.64 tap.
Step3: Mg = JC5C | B30 1

Zc 829
= 1.107—1 =#FN107

Hence, the nearestyM (yvalue is + .12. Now set
R lead in 0.03ytap‘and L. Tead in the upper .06 tap.

(Since Mgghas plus'sign, lead L must be over R.)

Thefz % C5C _ 364 x 1 _ 4,

(T +M¢c 1+ .12

ohms, or 98.8% of the desired value.

UNDERVOLTAGE UNIT

The undervoltage unit is usually set to a value
corresponding to the minimum safe system
voltage for stability. The voltage depends on many
factors, but is usually between 70 and 80 percent
of normal system voltage. The undervoltage unit
is set at the factory for 77 percent of normal
system voltage, or 53 volts line-neutral. In
applications where multiple units are connected to
the same bus, loss-of-field of one unit may not
depress the bus voltage of the point where the un-
dervoltage unit will operate if it has the standard
setting. The following recommendations should be
considered:

1. For cross-compound turbine generator ap-
plications, the dropout (contact closure of
“back” contact of voltage unit, i.e., the
contact which is in the trip circuit and is
shown closed on schematic) voltage of the
undervoltage unit should be set for 58 V[ _N
(equivalent to 100 V[ _L).

2. For water wheel generator applications,
with multiple machines tied to a common
bus, the dropout voltage of the undervoltage
unit should be set for 58 V[ _N.
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3. For all applications where the alarm func-
tion is not to be used, the undervoltage unit
contact should be short circuited by means
of a jumper wire.

4. For industrial applications, with two or
more generators on the same bus, the un-
dervoltage unit contact should be short cir-
cuited and the alarm circuit not used.

5. For synchronous condenser and large motor
applications, the undervoltage unit contact
should, in general, be short circuited and
the alarm circuit not used. In general cases
the machine may be treated as in 2, above.

6. For gas turbine units, with high generator
impedance, the undervoltage unit may not
operate. For these applications the under-
voltage contacts should be short circuited.

In cases where each generator is equipped with
its own transformer (unit connected) the standard
factory setting of 53 V[ _N (corresponding to 92.5
V[ _.L) is usually satisfactory for the undervoltage
unit. It should operate at a level commensurate
with the minimum safe voltage for system stabili=

ty.
Note: An electrical check of this particularset-

ting is outlined in this instruction leafletyunder the
heading ““Acceptance Check”.

TIMEDELAY CONSIDERATIONS

It may be conservatively stated that the rotor
structure and stator” heating, as a result of a
shorted field can be telerated for 10 seconds on a
conductor-cooled”machine and 25 seconds for a
conventional,machine! This time may be as low as
5 secondsffor am,open field (as opposed to a field
closed through a field discharge resistor on an ex-
citer armature)dand as high as one minute where
the concernWis protection of an adjacent tandem
compound unit against partial loss-of-excitation
in the faulted machine.

In view of the above considerations, it is often
desirable to use an external timer in conjunction
with the KLF-1 Relay. The following examples
are applications where an external timer would be
desirable:

1. Cross-compound units, with undervoltage

unit setting of 58 volts, shotild us€”an ex-
ternal timer to assume tripping before ther-
mal damage can result. The timer is ener-
gized at the alarm output and should be set
for 10 seconds for a cross“«€compound con-
ductor cooled maehine. For a convention-
ally cooled eross=edmpound machine, the
external timer should™e set for 25 seconds.
As an alterfiative_to this, the KLF-1 with
shorted undervoltage contacts may be ap-
plied and the alarm feature not used. With
this arrangement, tripping takes place after
the/1S%eycle time delay provided by the X
unityin the KLF-1 relay.

.fMaghines connected to a common high

voltage bus may be protected against partial
10sS of voltage due to loss-of-excitation in
an adjacent machine by using a one minute
timer driven by the alarm output of the
loss-of-field relay.

. In some critical applications 2-zone loss-of-

field protection may be desirable. In this
case, the Zone-1 KLF-1 impedance circle
should be small and fully offset in the nega-
tive reactance region. The long-reach should
be set equal to synchronous reactance, Xd.
The short-reach should be set equal to one-
half transient reactance, Xd'2. The trip cir-
cuit should trip directly, with no time delay.
The alarm circuit should operate a timer
which may be set from % - 1.0 seconds, de-
pending on use preference. If the condition
persists, this timer permits tripping.

The second-zone KLF-1 may be set with a
larger impedance characteristic and will
detect partial loss-of-field conditions. A
typical setting would be to just allow the
machine to operate at maximum hydrogen
pressure and .95 per unit voltage. If a low
voltage condition occurs, it is recommended
that tripping be accomplished through a
timer set for % second. Added to the X unit
dropout time of % second, this gives an
overall time of 1.0 second. If the voltage is
maintained, then the alarm circuit should
start a “‘last ditch” timer. This timer may
be set anywhere from 10 seconds to one
minute, depending on machine type and
used perference.
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KLF-1 RELAY(FRONT VIEW)
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o Fig. 9. Diagram of Test Comnections for KLF-1 Relay

SETTING THE RELAY

The type KLF-1 relay requires a settingforeach
of the two compensators T and T¢, for eaeh of
the two auto-transformers primariés Sa%and Sc,
and for the undervoltage unit.

© GENERAL SETTING RECOMMENDATIONS

The KLF relay maysbe applied“as a single-zone
device, or two relaysgnaybe used to provide two-
zone protection. Thelsifigle-Zone setting may be
fully offset (Zone-1) orWmay include the origin
(Zone-2). The two-zone application would require
a zone-1 KLF and a zonu-2 KLF, approximately
equivalent to two-zone step-distance line protec-
tion. A generalized external schematic, which is
applicableygtoteither Zone-1 or Zone-2 relays is
shown inWFig."9. The recommended settings and
relative @dvantages of these various configurations
are,Summarized in Table I.
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The single-zone and two-zone setting recom-
mendations are modified when two or more
machines are bussed at the machine terminals. The
voltage and time delay considerations are treated
in detail in other sections of this leaflet. The
recommended settings are outlined in Table II.

COMPENSATOR (TA AND T¢)

Each set of compensator taps terminates in in-
serts which are grouped on a socket and form ap-
proximately three quarters of a circle around a
center insert which is the common connection for
all the taps. Electrical connections between com-
mon 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 loosen-
ing the connector screw in the center. Remove the
connector screw in the tap end of the link, swing
the link around until it is in position over the insert
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for the desired tap setting, replace the connector
screw to bind the link to this insert, and retighten
the connector screw in the center. Since the link
and connector screws carry operating current, be
sure that the screws are turned to bind snugly.

Compensator T requires an additional setting
for including or excluding the origin of R-X dia-
gram from the distance unit characteristic. If the
desired characteristic is similar to that shown on
Fig. Sb, the links should be set vertically in the +
T arrow direction. If a characteristic similar to
that shown in Fig. Sc is desired, set links horizon-
tally in the — T arrow direction.

AUTO-TRANSFORMER PRIMARY (Sp AND
Sc)

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

An S setting is made by removing the connec-
tor screw, placing the connector in position ovef
the insert of the desired setting, replacing amnd
tightening the connector screw. The cgnnector
should never make electrical contact with“ore
than one tap at a time.

AUTO-TRANSFORMER SECONDARY (Mp
AND Sc)

Secondary tap connections ‘are ‘made through
two leads identified as L' andWR for each
transformer. These leads cofne out of thetap plate
each through a small holeponeen each side of the
vertical row of M tap inserts§iThe lead connectors
are held in place onhe ‘proeper tap by connector
SCrews.

Values for whichvan M setting can be made are
from — 15, tof+ .15in steps of .03. The value of a
setting is the'sumdof the numbers that are crossed
when going from the R lead position ot the L lead
position. The sign of the M value is determined by
whigh lead s in the higher position on the tap
platej, The sign is positive (+) if the L lead is
higherand 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 and tap
positions. Neither lead connector should make
electrical contact with more than one tap at a
time.

Tabulated Settings

Z M L Lead R Lead
0.87 TS + .15 Upper .06 0
0.89 TS + .12 Upper .06 .03
0.92TS + .09 Lower .06 0
094 TS +,.06 Upper .06 Lower .06
0.97TS + .03 .03 0

TS 0 0 0
1.03, TS + .03 0 .03
1.06T'S — .06 Lower .06 Upper .06
LIS - .09 0 Lower .06
1. 4TS - .12 .03 Upper .06
INE N —.15 0 Upper .06

INDICATING CONTRACTOR SWITCH (ICS)

No setting is required on the ICS unit except
the selection of the 0.2 or 2.0 ampere tap setting.
This selection is made by connecting the lead
located in front of the tap block to the desired set-
ting by means of the connecting screw. When the
relay energizes a 125 volt or 250 volt dc type WL
relay switch, or equivalent, use the 0.2 ampere tap.
For 48 volt dc applications set ICS in 2 ampere
tap and use S#304C209G01 type WL relay coil or
equivalent.

UNDERVOLTAGE UNIT

The voltage unit is calibrated to close its con-
tact when the applied voltage is reduced to 53
volts. The voltage unit can be set to close its con-
tacts from 40 volts to 70 volts by adjusting the
resistor located in the rear, second from the bot-
tom. The spiral spring is not disturbed when mak-
ing any setting other than the calibrated setting of
53 volts.

DIRECTIONAL SETTING

There is no setting to be made on directional
unit.

13
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TABLE |

RECOMMENDED SETTINGS FOR KLF RELAY

ZONE 1 (ALONE) ZONE 2 (ALONE) | BOTHZONE 1 & ZONE 2
IMPEDANCE SETTING See Fig. 11 See Fig. 12 See Figs. 11 & 12
VOLTAGE SETTING (a) Contact shorted or 80% Zone 1 voltageseontact
(b) Set at 80% for shortedwith"Zone 2 set
security at 80%
TD-1 Yato 1 sec Yato 1 sec Zone I timer = Y sec
(1 sec preferred) (1 sec preferred) ZoneR timer = 1 sec
TD-2 Not required for 1 min. 1 min.
(a) above. For
(b) above use 1 min.
ADVANTAGES Less sensitive to 1) More sensitive,to (1) Same as (1), (2) and

stable system swings

LOE(oendition

2) Can operate on
partiahlLOF

3) Provide alarm
features for
mianual operation

(3) at left.
(2) Provides back-up
protection

TABLE Il
SPECIAL SETTINGS FORMULTI MACHINES BUSSED AT MACHINE TERMINALS

ZONE 1 (ALONE) ZONE 2 (ALONE) | BOTHZONE 1 & ZONE 2
IMPEDANCE SETTING See Fig. 1 See Fig. 12 See Figs. 11 & 12
VOLTAGE SETTING [(a) Contact shorted or 87% Zone | voltage contact
(b) setat 87%for shorted with Zone 2
security set at 87%
TD-1 Yato 1 sec Yato 1 sec Zone | timer = Y sec
( sec preferred) (1 sec preferred) Zone 2 timer = 1 sec
TD-2 Not required for (a) above| 10 sec for cond. cooled. 10 sec for cond. cooled

(a) above. For

(b) above use 10 sec for
cond. cooled, 25 sec
for conv. cooled

25 sec for conv. cooled.

25 sec for conv. cooled

14




TYPE KLF-1 RELAY IL.L. 41-748.10

" POS. DC

[z TD-1=TD—-A + 0.25SEC.
0.25 SEC I
0/o0 (’? P

’—_1 ALARM
[ TD-A ITD-A TD=2 TD-2

0.75 TRIP SEC- TRIP
SEC 19MIN.
— -
NEG. DC
TD-I

3491A03

Fig. 100" Generalized External Schematic

+X

Xo/2

Xo

3491A03

Fig. 11. Zone-1 Impedance Characteristic.
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+X
R
DIRECTIONAL ELEMENT
STEADY STATE STABILITY LIMIT
ZONE 2 RELAY
MACHINE CAPABILITY CURVE,
-X MEL ( MAX. Hp PRESSURE )
3491A03
Fig. 12. Zone-2 Impedance Characteristic
X
50 HERTZ
55 HERTZ
R
60 HERTZ
68 HERTZ
3491A08
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Fig. 13. KLF Frequency Response for Impedance Unit
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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 four
mounting holes on the flange for semi-flush moun-
ting or by means of the rear mounting stud or
studs for projection mounting. Either a mounting
stud or the mounting screws may be utilized for
grounding the relay. The electrical connections
may be made directly to the terminals by means of
screws for steel panel mounting or the terminal
studs furnished with the relay for thick panel
mounting. The terminal studs may be easily
removed or inserted by locking two nuts on the
stud and then turning the proper nut with a
wrench.

For detailed FT case information refer to I.L.

41-076.
ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correét
operation of this relay have been made at theyfac-
tory. Upon receipt of the relay, no customer/ad-
justments, other than those coveredWunder
“SETTINGS”, should be required.

ACCEPTANCE CHECK
The following check is recommended to insure
that the relay is in proper workingyerder:

A. Distance Unit (Z)

1. Connect the relay“as shown in Fig. 9 with
the switch in position 2 and the trip circuit
deenergizeds

2. Make the following tap settings:

TaAl= W5 Tc =255
SAE?2 Sc=1
Mp =¥.03 Mc=-.09

Tc link in middle block should be set for
+ T, direction.

This setting corresponds to Zp = 23.7 Z¢
= 2.80.

Adjust the phase shifter for 90° current lag-
ging the voltage.

3. With the terminal voltage at 50 Wolts, jin-
crease current until contacts just'close®This
current should be within + 3%of 2.11 amp
(2.20-2.05 amp.).

4. Adjust phase shifter for 90° current leading
the voltage.

5. With the terminal ‘weltage at 50 volts in-
crease current untilgortacts just close. This
current shoulddbewithin + 3% of 17.9 amps.
(18.5 17.3 ampst)

Contact Gap Thegap/between the stationary con-
tact and moying, contact with the relay in deen-
ergized position should be approximately .040”.

B. 4Directional’ Unit Circuit (D)

Iy, Gennect the relay as shown in Fig. 9, with
the switch in position 1 and the trip circuit
deenergized.

2. With a terminal voltage of 1 volt and S am-
peres applied, turn the phase shifter to 43°
(current leads voltage). The contacts should
be closed. This is the maximum torque
position.

3. Raise the voltage to 69 volts and vary the
phase shifter to obtain the two angles where
the moving contact just makes with the left
hand contact. These two angles (where torque
reverses) should be where the current leads
the voltage by 313° and 133°, (+4°).

4. Contact Gap The gap between the stationary
contact and moving contact with the relay
in deenergized position should be approxi-
mately .020”".

C. Undervoltage Circuit

1. Connect the relay as shown in figure 9, with
switch in position 2 and the trip circuit
deenergized.

2. Decrease the voltage until the contacts
close to the left. This value should be 53
+ 3% volts.

O D. Telephone Relay

Apply rated dc volts across terminal 10 and 3.
The telephone relay (X) should open its con-
tact. Manually close distance unit (Z) and

17
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directional unit (D) contacts and the X contact
should close.

Routine Maintenance

All contacts should be periodically cleaned. A
contact burnisher S#182A836HO0! is recommend-
ed for this purpose. The use of abrasive material
for cleaning contacts is not recommended,
because of the danger of embedding small par-
ticles in the face of the soft silver and thus im-
pairing the contacts.

REPAIR CALIBRATION

A. Auto-transformer Check

Auto-transformers may be checked for turns
ratio and polarity by applying ac voltage to ter-
minals 4 and 5 and following the procedures below.

1) Set SA and Sc on tap number 3. Set the

“R” leads of Mo and Mc all on 0.0 and
disconnect the “L” leads. Adjust the volt-
age for 90 volts. Measure voltage from
terminal 5 to the tap #l of Sa. It should be
30 volts (+1). From terminal 5 to tap #
of Sp should be 60 volts. The same pro;
cedure should be followed for taps #l and
# of Sc.

2) Set Sp and Sc on 1 and adjust the yolt=
age at the relay terminals for 100_volts.
Measure voltage drop from terminals S¢to
each of the Mp and Mc taps. This, volt-
age should be equal to 100 (+£'1)“plus the
sum of values between Ry andytap being
measured. Example 100 (1" 4,.03" + .06)
= 109 volts.

Transformers that havesan“ettput different
from nominal by maresthan 1.0 volt proba-
bly have beenydamaged=and should be re-
placed.

B. Distance Unit (Middle/Unit) Calibration
Make following tap plate settings.
Tp = 158; Tg, = 5.1
Sc =S¢ =1
Make M A = Mc = — .15 settings:

2] "lead should be connected to the “O” insert
“R™ead should be connected to the upper
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“06” insert. (—.03—.06 .06 = —.15 between
L & R).

For the most accurate calibration preheat
relay for at least an hour by energizing ter-
minals 4, 5, 6 & 7 with 70 volts, phase, -to-
neutral or terminals S, 6, 7 with 3 phase 120
volts phase-to-phase voltages.

The links in the middle tap¥blocksshould be
set for the +T. directions

1) Contact Gap Adjustment

The spring type pressure clamp holding the
stationary contagtain poSition should not be
loosened to make the necessary gap ad-
justments.

Withymoving /contact in the opened posi-
tion, i.e.\against right stop on bridge, screw in
statienary\contact until both contacts just
makeW(use“neon light for indication). Then
screw. the stationary contact away from the
moving contact 1-1/3 turn for contact gap of
.040%.

2) With relay deenergized adjust the restraint
spring so that contact arm just floats.

. Impedance Characteristic Check

1) Maximum Torque Angle

Adjust the adjustable reactor for about S
turns out. Applying 60 volts ac to terminals 5
and 4 and passing 4.8 amperes, through the
current circuit turn the phase shifter until the
moving contact opens. Turn the phase shifter
back (few degrees) until contacts close. Note
degrees. Continue to turn the phase shifter
until contact opens, then swing phase shifter
back until contact closes again. Note degrees.
The maximum torque angle should be (+1°)
computed as follows:

Degrees to Close Contacts at Left +

Degrees to Close Contacts at Right _

2

90°
Adjust reactor X until the correct maxi-

mum-torque angle is obtained.

2) Sensitivity Adjustment

Using the connections of Fig. 9, apply S
volts ac 90° leading, to terminals 4 and §
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pass .325 amperes through current circuit
terminals 9 and 8). The spiral spring is to
be adjusted such that the contacts will just
close. Deenergize the relay. The moving
contact should return to open position
against the right hand stop.

3) Impedance Check
a. Adjust voltage’ to be 50 volts.

For current lagging 90° the impedance
unit should close its contacts at 2.60 —
2.76 amp. Reverse current leads, the
impedance unit should close its contacts
8.1 — 8.6 amperes.

b. Reverse the links in the middle tap block
to — T position. Apply current of 8.6
amps. The contacts should stap open.
Reverse current leads to original posi-
tion. The contacts should open when
current is increased above 8.1 amperes.

Set links back to + T position. Change
S A and Sc to setting ““2”. Keeping volt.
age at 50 volts, 90° leading check pick=
up current. It should be 1.30 — 140 am-
peres. Now set the phase shifteryso that
voltage lags the current by™90°.“Im-
pedance unit should trip now_at 405 —
4.3 amperes.

c. Change Sa, Sc = 3. Clieck pickup. It
should be 2.70 — 2490. Reverse current
leads. Pickup should be,now .87 — 93
amp.

D. Directional unit (Top_Unit)
1) Contact Gap Adjustment

The spring typepressure clamp holding the
stationary ‘égnta¢t in position should not be
loosened"to make the necessary gap adjust-
mentsy

With meving contact in the opened posi-
tion, i.e. against right stop on bridge, screw in
stationary contact until both contacts just
make. Then screw the stationary contact away
from the moving contact 3/4 of one turn for a
contact gap of .22”.

2) With relay deenergized adjust the restraint
spring so that contact arm just floats.

3)

4)

3)

Maximum Torque Angle Check

With 50 volts and 5 amperes applied, vary
the phase shifter to obtain theitwe angles
where the moving contacts just close. These
two angles (where torque reverses) should
be where the current leads the voltage by
313° + 4° and 1332 +dmReadjust the bot-
tom resistor located in the rear for correct
reading.

Sensitivity Adjustment

Apply 1.0 volt'te terminals 4 and 6. Observ-
ing polarities as per schematic, and S am-
peres(current leading the voltage by 43°,
the spital spring is to be adjusted such that
the comntacts will just close. The adjustment
of the spring is accomplished by rotating
the spring adjuster which is located on the
underside of the bridge. The spring adjuster
has a notched periphery so that a tool may
be used to rotate it. The spring type clamp
holding the spring adjuster should not be
loosened prior to rotating the spring ad-
juster.

Plug Adjustment for Reversing of Spurious
Torques.

a. Set T = 0.0. Connect a heavy current
lead from TA center link to terminal 8.

b. Short circuit terminals 4 and 6.

c. Screw in both plugs as far as possible
prior to starting the adjustment.

d. Apply 80 amps only momentarily, and
the directional unit need not be cooled
during initial rough adjustment. But, the
directional unit should be cool when final
adjustment is made.

e. When relay contact closes to the left,
screw out the right hand plug until spuri-
ous torque is reversed.

f. When plug adjustment is completed
check to see that there is no closing tor-
que when relay is energized with 40 amps
and voltage terminals 4 and 6 short-
circuited.
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E. Undervoltage Unit (Lower Unit)

Note: The moving contact is in closed posi-
tion to the left when deenergized.

1) Contact Gap Adjustments

a. L.H. (Normally Closed) Contact Adjust-
ment

With the moving contact arm in the
closed position, against left hand side of
bridge, screw the left-hand contact in to
just touch the moving contact (use neon
light for indication) and then continue
for more complete turn.

b) R.H. (Normally Open) Contact Adjust-
ment

With moving contact arm against the left
hand stationary contact screw the right
hand stationary contact until it just
touches the moving contact. Then back
the right hand contact out two-thirds
of one turn to give 0.020 inch contact gap.

© 2) Sensitivity Adjustment

a. Apply voltage to terminals 4 & 7. Con-
nect the brush lead of the adjustable re-
sistor that is located in the rear (second
from the bottom) to maximum. Adjust
the spring so that contacts make (to the
left) at 40 volts. The contact should*open
when unit is energized withgdl or more
volts.

b. Relay is set for 53 voltsyThisyis accom-
plished by lowering resistanee value until
contacts make at 53 volts and open when
unit is energized when 54 _or more volts.
The spring should'ngt be used for this
setting.

F. Indicating Contactor, Switch (ICS)

Close the main“telay gontacts and pass suffi-
cient dc current throughthe trip circuit to close
the contacts of the ICS. This value of current
should not be greater than the particular ICS tap
settings being used. The indicator target should
drop freelyn
O G. Telephone Relay

Energize the telephone relay circuit, terminals
10nand 3, with rated dc voltage. The telephone

20

relay (X) should operate positively. With an air
gap of .003” — .004”’ the contacts should closgsin
9 to 15 cycles when the telephone relay coil is
shorted. This may be done by manually closing
the distance unit (Z) and directional unit (D)
contacts.

H. Compensator Check

Accuracy of the mutual impedance/T of the
compensators is set within veryclosetolerances at
factory and should not change under normal con-
ditions. The mutual impedance of the compen-
sators can be checked with agcurate instruments
by the procedure outlinedwbelow.

1. Set T on_thewlS.8 tap
Tc on ghe ¥5.1 tap

2. Disconneet the L-leads of sections M A and
Me

3. 7Pass 10 amperes ac current in terminal 9
andyout of terminal 8.

4. Measure the compensator voltage with an
accurate high resistance voltmeter (5000
ohms/volt).

5. Compensator A-voltage should be checked
between lead Lo and terminal S.

For Tpo = 15.8 the voltage measured
should be 158 volts + 3%.

6. Compensator C voltage should be checked
between lead L and the front terminal of
the reactor (Xp).

For Tc = 5.1, the voltage should be 51 volts
(£ 3%).

7. For all other taps the compensator voltage
is IT (£3%)

where I - relay current
T - tap setting.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can
be furnished to the customers who are equipeed
for doing repair work. When ordering parts,
always give the complete nameplate data.
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Fig. 10. Outline and Drilling Plan for the Type KLF-1 Relay in the FT41 Case.
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INSTALLATION

Westinghouse 1.L. 41-748)
OPERATION ¢ MAINTENANCE

INSTRUCTIONTS

TYPE KLF LOSS-OF-FIELD RELAY

CAUTION Before putting protective relays into ser-
vice, remove all blocking which may have been in-
serted for the purpose of securing the parts during
shipment, 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 KLF relay is a single-phase relay connected
to the a-c side of a synchronous machine and con-
tains three units connected so that the operation of
two units sounds an alarm warning the operator of a
low excitation condition, and the additional opera-
tion of the third sets up the trip circuit. The relay
can be’ applied without modification to all types of;
synchronous machines, such as turbo-generatars,
water wheel generators or synchronous condénsors.

The KLF relay is designed for use withydelta-
connected potential transformers. On cip€uits “With
wye-connected potential transformers,. the ®type
KLF-1 relay may be used to increase\sé€curity
during inadvertent loss-of-potential (such'as due to
a blown potential fuse).

CONSTRUGTION

The relay consists of 'two-alr gap transformers
(compensators), two tapped auto-transformers, one
reactor, one cylinder-t¥peprdistance unit, directional
unit with adjustablelrgactor, an undervoltage unit
with adjustable resistor telephone relay, and an
ICSindicating contactorpswitch.

Compensator

The compensators which are designated TA and
and TC are two-winding air gap transformers (Fig. 2).
The primary @r current winding of the long-reach
compeénsator Ta has seven taps which terminate at
thegtap ‘block. They are marked 2.4, 3.16, 4.35, 5.93,
8.3, W 1.5, 15.8. The primary winding of the short-
reach™ecompensator TC also has seven taps which
termminate at this tap block. They are marked 0.0,
0.91, 1.27, 1.82, 2.55, 3.64, 5.1. A voltage is incuced
in the secondary which is proportional to the pri-

Complete Revision

mary tap and current magnitude. This proportionality
is established by the/cross, scctional area of the
laminated steel core, theflength of an air gap which
is located in the centemofthe coil, and the tightness
of the laminationSy All}of these factors which in-
fluence the sec@ndary®voltage proportionality have
been precisely'set atpthe factory. The clamps which
hold the laminations should not be disturbed by either
tighteningf ordoesening the clamp screws.

The, secondary winding is connected in series
with the, relay terminal voltage. Thus a voltage which
isypropertional tothe line current is added vectorially
to theyrelay terminal voltage.

AutodTransformer

The auto-transformer has three taps on its main
winding, S, which are numbered 1, 2, and 3 on the tap
block. A tertiary winding M has four taps which may
be connected additively or subtractively to inversely
modify the S setting by any value from —15 to +15
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, .06, and .06.

The auto-transformer makes it possible to expand
the basic ranges of the long and the short reach com-
S
1+M°
setting can be made within + 1.5 percent from 2.08
ohms to 56 ohms for the long reach and from .79 ohms

to 18 ohms for the short reach.
lmpedange Tripping Unit

pensators by a multiplier of Any relay ohm

The distance unit is a four pole induction cyl-
inder type unit. The operating torque of the unit is
proportional to the produce of the voltage quantities
applied to the unit and the sine of the phase angle
between the applied voltages. The direction of the
torque so produced depends on the impedance phasor
seen by the relay with respect to its characteristic
circle.
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Fig. 2 Compensator Construction

Mechanically, the cylinder unit is compesed of
four basic components: A die-cast alumingm frame,
an electromagnet, a moving element @ssembly, and a
molded bridge. The frame seryes “as a, mounting
structure for the magnetic core.gThe, magnetic core
which houses the lower pin beafing is secured to the
frame by a locking nut. The bearingdean be replaced,
if necessary, without having®to remjove the magnetic
core from the frame.

The electromagnet hashtwo sets of two series
connected coils mounted_diametrically opposite one
another to excite eachiset of poles. Locating pins on
the electrom@gnetfare used to accurately position the
lower pin beating, which is mounted on the frame,
with respect to“the upper pin bearing, which is
threaded into the bridge. The electromagnet is se-
cured to the frame by four mounting screws.

They, moving element assembly -consists of a
spiral, spring, contact carrying member, and an alu-
minum_cylinder assembled to a molded hub which
holds the shaft. The hub to which the moving-contact
arm is clamped has a wedge-and-cam construction,

Fig. 3 Internal Schematic of Type KLF Relay in FT41 Case

to provide low-bounce contact action, A casual in-
spection of the assembly might lead one to think that
the contact arm bracket does not clamp on the hub as
tightly as it should. However, this adjustment is ac-
curately made at the factory and is locked in place
with a lock nut and should not be changed. Optimum
contact action is obtained when a force of 4 to 10
grams pressure applied to the face of the moving
contact will make the arm slip one-fourth of its total
free travel. Free travel is the angle through which
the hub will slip from the condition of reset to the
point where the clamp projection begins to ride up on
the wedge. The free travel can vary between 15° to
20°.

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

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
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Fig. 4 External Schematic of Type KLF Relay

the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. This staz
tionary contact has .002 to .006 inch follow_which is
set at the factory by means of the adjusting sérew.
After the adjustment is made the screw,is“sealed in
position with a material which flows around the
threads and then solidifies. Theystatienary contact
housing is held in position by a spring type clamp.
The spring adjuster is locatedgon the“underside of
the bridge and is attached to the moving contact arm
by a spiral spring. The springpadjuster is also held
in place by a spring type clamp.

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

Directional Unit

The directional unit is an induction cylinder
unit operating on the interaction between the polariz-
ing circultyflix’and the operating circuit flux.

Mechanically, the directional unit is composed
of the%same basic components as the distance unit: A

die-cast aluminum frame, an electromagnet, a moving
element assembly, and a molded bridge.

The electromagnet has two series-connected
polarizing coils mounted diametrically opposite one
another; two series-connected operating coils mounted
diametrically opposite one another; two magnetic ad-
justing plugs; upper and lower adjusting plug clips,
and two locating pins. The locating pins are used to
accurately position the lower pin bearing, which is
threaded into the bridge. The electromagnet is se-
cured to the frame by four mounting screws.

The moving element assembly consists of a
spiral spring, contact carrying member, and an alu-
minum 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 with
the cylinder rotating in an air gap formed by the
electromagnet and the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
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Fig. 5 R-X Diagram Characteristics with Various zZ, -
Compensator Settings

the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by spiral spring. The spring adjuster is
also held in place by a spring type clamp.

Undervoltage Unit

The voltage unit is an induction-cylinder unit.

Mechanically, the voltage unit is composed,like
the directional unit, of four componentsi A/diecase
aluminum frame, an electromagnet, a moving element
assembly, and a molded bridge.

The electromagnet has two padirsief voltage coils.
Each pair of diametrically oppos€d, coils’is connected
in series. In addition one pair, is in, series with an
adjustable resistor. These@SetsWdre in parallel as
shown in Fig. 3. The adjustable resistor serves not
only to shift the phase_anglenefthe one flux with re-
spect to the other t@ produce torque, but it also
provides a pick-uptadjustment.

Otherwisé thefundervoltage unit is similar in its
construction toythe diréctional unit.

Telephone Relay

The telephone relay (X) has a slow drop-out
characteristic.” When energized, the solenoid core
attractsyan iron right-angle armature bracket which in
turniopens the break contacts. In actual service, the
relay ‘s normally energized holding the break con-
tacts open. (Note: the make contacts are not used.)
Drop-out delay adjustment is obtained by varying
the air-gap between the armature and the core.

VpoL (REF}= Juvip

a) I,=0

CONTACT
CLOSES Vor=Viy

.

Vegu(REF)

dX (- 1L51yZ¢)

4 KVIY
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Vop

51,2, |

,}K(—le,zc)

o) 1| (—90° V -—
FYvpoL(rer) THETiZa

RELAY-TYPE KLF VECTOR DIAGRAMS
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Fig. 6 Effect of Compensator Voltages (Z_is positive)

Indicating Contactor Switch Unit (ICS)

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

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

OPERATION

The relay is connected and applied to the system
as shown in Fig. 4. The directional unit closes its
contacts for lagging var flow into the machine. Its
zero torque line has been set at —13° from the R-axis.
Its primary function is to prevent operation oi the
relay during external faults. The impedance unit
closes its contacts when, as a result of reduction in
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pf, 0.64 SCR, inner-cooled, 3600 rpm.)

excitation, the impedance of the machine as viewed
from its terminals is less than a predetermined value.
The operation of both the impedance and directional
untts sounds an alarm, and the additional operation
of the undervoltage unit trips the machine. As shown
in Fig. 4, the contacts of all three units are con=
nected in series across a telephone type relay desig-
nated X, which provides approximately 15 cyeles
time delay on dropout before energizing the trip coily
This time delay is to insure positive contact €oof-
dination under all possible operating [€onditions.
During normal conditions, all contacts are‘opens

Principle of Distance Unit Operatiofi

The distance unit is an induetiony@ylinder unit
having directional characteristies. Operation depends
on the phase relationship betweeng#magnetic fluxes
in the poles of the electromagnet¢

One set of opposite, poles, designated as the
operating poles arg energizedyby voltage Vit modified
by a voltage derived from the long reach compensator
TA' The other set of‘poles (polarizing) are energized
by the same voltage VlT except modified by a voltage
derived from the short reach compensator ’I‘C. The
flux in the polariZing pole is so adjusted that the
unit closestits contacts whenever flux in the operat-
ing set of 'peles leads the flux in the polarizing set.

The voltage ViT is equal to

Vo = Vig +0.5 Vog = 1.5 Vyy ()
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* Fig. 8 Typical Machine Capacity Curves and Sample KLF
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As shown in Fig. 4, one-half of V23 voltage is
physically derived in the relay at midtap of a reactor
connected across voltage V23.

Reach of the distance unit is determined by
compensators ’I‘A and TC as modified by auto-trans-
former settings. Compensators ’I‘A and T are de-
signed so that its mutual impedance Zp or ZC has
known and adjustable values as described below
under CHARACTERISTICS and SETTINGS. The
mutual impedance of a compensator is defined here
as the ratio of secondary induced voltage to primary
current and is equal to T. Each secondary compensa-
tor voltage is in series with the voltage VIT' Com-
pensator voltages are equal to 1.5I; Zp for long
reach compensator and 1.511 ZC for short reach
compensator, where I, is the relay current.

Fig. 5 shows how the compensation voltages
1.51yZ 4 and 1.511 Ze influence the R-X circle. Note
that Z independently determines the ‘‘long reach’’,
while ZC independently fixes the ‘‘short reach’’.
With the reversing links in the normal position (+ZC)
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the circle includes the origin; with the opposite link
position (—ZC) the circle misses the origin. The fol-
lowing paragraphs explain this compensator action.

Referring to Fig. 4 note that Ry and Cpg cause
the polarizing voltage to be shifted 90° in the leading
direction. Thus, when the current is zero, polarizing
voltage VpoL leads the operating voltage Vop by
90°, as shown in Fig. 6(a). This relation produces
restraining torque. To illustrate how Za fixes the
long reach, assume a relay current which leads VIN
by 90° and of sufficient magnitude to operate the
relay. This means the apparent impedance is along
the —X axis. Note in Fig. 6(b) that the Z 5 compen-
sation reverses the operating voltage phase position.
The relay balances when this voltage is zero. Note
that this balance is unaffected by the Z compensa-
tion, since this compensation merely increases the
size of VpoL.

For lagging current conditions note in Fig. 6(c)
how VpoL is reversed by the ZC compensation. In
this case the Z, compensation has no effect on the
balance point. This explains why the short reach
point is fixed independently by Zc.

Fig. 6 assumes that Zo is positive (cirtéle in-
cludes origin). If the current coil link is réeversed,
the compensation becomes +1.51, Zc. IndRig. 6(b)
this change would result in, VPOL being reduced
rather increased by the compensation. Asftheycurrent
increases VpoL will finally be reversed, reéstablish-
ing restraining torque. Thus, the cadrrent,“néed not
reverse in order to obtain a ‘‘shortsteach’’ balance
point. Instead the apparent impedance™ need only
move towards the origin in the X region to find the
balance point. Therefore, theeirclendoes not include
the origin with a reversed limk position.

CHARACTERISTICS

The type KTAF relay is available in one range.

Distance Unit

The distance unit can be set to have charac-
teristic circles that pass through origin, include it,
or exclude it, as shown in Fig. 5.

The Za and Zeo values are determined by com-
pensator, settings and modified by autotransformer
settingstS, L, and R. The impedance settings in
ohmsyreach can be made for any value from 2.08 to
56, ohms for Zy, and from 0.79 ohm to 18 ohms for Zc
in“steps of 3 percent.

The taps are marked as follows:

Ta
2.4, 3.16, 4.35, 5.93, 8.3, 11.5, 15.8

Tc

0.0, 0.91, 1.27, 1.82,02,55,73.64, 5.1

(Sp» S¢)

1, 2 3

(Mp, Mg

+ values between taps .03, .06, .06

Directional Unit

The, KIiF relay is designed for potential polari-
zation"with an internal phase shifter, so that maximum
torquepoccurs when the operating current leads the
polarizing voltage by approkimately 13 degrees. The
minimum pickup has been set by the spring tension to
be” approximately 1 volt and 5 amperes at maximum
torque angle.

Undervoltage Unit

The undervoltage unit is designed to close its
contacts when the voltage is lower than the set value.
The undervoltage unit is energized with viT -voltage.
This voltage is equal to 1'5V1N voltage. The con-
tacts can be adjusted to close over the range of 65
to 85 percent of normal system voltage. The dropout
ratio of the unit is 98 percent or higher.

Trip Circuit
The main contacts will safely close 30 amperes
at 250 volts d.c. and the seal-in contacts of the

indicating contactor switch will safely carry this
current long enough to trip a circuit breaker.

The indicating contactor switch has two taps
that provide a pick-up setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant

Indicating Contactor Switch (ICS)

0.2 ampere tap - 6.5 ohm d-c resistance
2.0 ampere tap - 0.15 ohm d-c resistance
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Burden
Current
@5 amps, 60 cycles
Ty & Tc ANGLE
SETTINGS VA OF LAG
MAX. 18.6 770
MIN. 3.8 51°
Potential
@ 120 volts, 60 cycles
Phase AB Phase BC
ANGLE ANGLE
Sa =S¢ VA OF LAG VA OF LAG
1 18.0 20 2.6 120
2 14.4 31° 5.9 38°
3 13.9 39° 6.6 420
D-C Circuit
RATING WATTS = RATED
125 3.9
250 7.8

Thermal Ratings

Potential: 132 volts (L.-L) continuous

Current: 8 amperes continuous

200 amperes for 1 second

SETTING CALCULATIONS

General Setting Recommendations

The KLF relay may be applied as a single-zone
device, or two relays may be used to provide twos
zone protection. The single-zone setting mag be
fully offset (Zone-1) or may include the origin
(Zone-2). The two-zone application gwould require
a zone-1 KLF and a zone-2 KLE,“approximately
equivalent to two-zone step-distaneeypline“protection.
A generalized external schemagic, whieh is applic-
able to either Zone-1 or Zone-2 relalys is shown in
Fig. 9. The recommended™8ettings and relative
advantages of these, variofls jconfigurations are
summarized in Tablepl.

The single-zone and two-zone setting recommen-
dations are modifiédwhendtwo or more machines are
bussed at the machineg4terminals. The voltage and
and time delay considerations are treated in detail
in other sections of this leaflet. The recommended
settings aré outlined in Table II.

Zonée2 Setting Calculations (Distance Unit)

Setw the distance unit to operate before the
steady-state stability limit is exceeded. Also, to

allow maximum output without an alarm, set the
distance unit to allow the machine to operdte at
maximum hydrogen pressure and0.95 per unit voltage
(lowest voltage for which the capability curve
applies). Where the maximum capability of the
machine cannot be realized without exceedig the
steady-state stability limit, set the distance unit to
operate before the steady-state limi##is)exceeded.
Capability curves similar to Fig. Tasdre obtained
from the generator manufacturest

To determine the deSiredWsétting convert the
capability curve of Fig.g7 of the impedance curve of
Fig. 8 by calculating \_sz |, where Vo is the

(KVA) .
per wire terminal voltage and (KVA)c is the per unit
output. The angle;of each point on the impedance
curve is tie, same angle as the corresponding point
on the capability curve.

For “example, from Fig. 7, an output of 0.6 per
unit KW, on30# hydrogen pressure curve is —0.4 per
unitireactive KVA. Therefore,

L(KVA)c | =/ (0.6)2 + (—0.4) 2

0.715 per unit

—0.4
—0.6

and, 0 = Tan —1 ( )= —33.6°

Converting to the impedance curve:

lZz| = | vt2 | = 1.02
(KVA)C 0.715

= 1.4 per unit

Since the angle remains the same, the impedance
plot conversion is:

Z = 1.4 / —33.6°, as shown in Fig. 8.

After plotting the steady-state stability limit and
the machine capability curves on the R-X diagram,
plot the relay circle between the stability limit and
the capability curve. (Note in Fig. 8 that the relay
circle cannot be plotted within the 60# — VT =0.95
curve, since the machine is beyond the steady-state
stability limit for these conditions.) This plot defines
the desired reach Za and radius R of the relay
circle. Then use the following procedure to select
tap settings.

1000 (k02 Re.
(kva) Ry

Zpase = ohms (2)

where
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TABLE |
RECOMMENDED SETTINGS FOR KLF RELAY

O

ZONE 1 (ALONE)

ZONE 2 (ALONE)

BOTH ZONEQE 2

IMPEDANCE SETTING See Fig. 10
VOLTAGE SETTING (a) Contact shorted or
(b) Set at 809 for
security

TD-1 4 to 1 sec
(1 sec preferred)

TD-2 Not required for
(a) above. For
(b) above use 1 min.

ADVANTAGES

See Fig. 11

1) More sensitive to
LOF condition

2) Can operate on
partial LOF

3) Provide alarm
features for
manual operation

See Figsy 10 & 11

Zone 1 timer = % sec
Zone 2 timer = 1 sec

(1) Same as (1), (2) and
(3) at left.

(2) Provides back-up
protection

¢ 6 TABLE
SPECIAL SET &

OR MULTI MACHINES BUSSED AT MACHINE TERMINALS

ONE 1 (ALONE)

ZONE 2 (ALONE)

BOTH ZONE 1 & ZONE 2

IMPEDANCE SETTI See Fig. 10

(a) Contact shorted or
(b) set at 87% for
security

4 to 1 sec
(1 sec preferred)

TD-2 Not required for (a) above

(a) above. For

(b) above use 10 sec for
cond. cooled, 25 sec
for conv. cooled

See Fig. 11
87%
la to 1 sec

(1 sec preferred)

10 sec for cond. cooled.
25 sec for conv. cooled.

See Figs. 10 & 11

Zone 1 voltage contact
shorted with Zone 2
set at 87%

Zone 1 timer = ! sec
Zone 2 timer = 1 sec

10 sec for cond. cooled
25 sec for conv. cooled
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one per unit primary ohms/as
seen from the relay

kv = rated phase-to-phase voltage of
the machine.

Zpase

kva =rated kva of the machine

Rc = the current transformer ratio.

R, =the potential transformer ratio.

The actual settings, ZA and Zc, are:

ZA = (ZA per unit) x (Zbase) (3)

ZC = (2, per unit) x (Zbase) = (4)
(2R—=Z ) X (Zp,c0)

where R =radius of circle in per unit.

The tap-plate settings are made according
to equations:
TS

Zp (01 Zo) = (5)

1 +M

where:

-
1

compensator tap value.

value.

(M is a per-unit value determined by t g
sum of the values between the& ,@ R
leads. The sign is positive when I\i e R
and acts to lower the Z settin Th ign is
negative when R is above L d s to raise
the 7 setting).
The following procedure shoul@l owed to ob-
tain an optimum setting of the re :
1. Select the lowest t 'hich give a product
red ZA and a pro-

of 18.GSA grea t i
duct of GSC eat a
2. Selectav ! that will most nearly make

esired Zo-

If the sign is negat'%e, then the M taps are connected
with the R dead above the L lead to raise the setting.

Sample

t a KLF relay is to be applied to the
following hine:
se, 60 cycles, 3600 rpm, 18 kv, rated at
9 pf, 183,500 KVA at 45#H2.

S
A
S = auto-transformer primary tap
ue.
M = auto-transformer secondary

R, = 1400/1 R, = 150/1

If the recommended setting from Fig. 8 isfuse
ZA per unit = 1.68

ZC perunit =2R —Z, =2x0.94 — 1.68 =0.20

(The relay circle in Fig. 8 was obtained by trial

and error using a compass to get the desired radius
and offset.)

2R

1000 (kv) c

Z z ——
(1) %4pase (kva)R,

1400 j6.45

(2) ZA = ZA(per unit) (Zbase)

(3) Zp =2Z (per unit) (Zy, o0 .20)(16.45) = 3.29 ohms

To set ZA =27.6

Step 1: The lowest,tap
ZA = 27.6.1

or 18.6 Sp greatet than
et Sp in tap 2.
27.6 = 13.8 is Tp = 15.8

2
Set TA in 15.8 tap

15.8 x 2

Step 3: —-1= -1 =
27.6
K —1=+.145
h

Step 2! Tp, neare

+ .15, Place R lead in 0, L lead in upper
elay setting is now:

TaSA  158x2  31.6

A = = = = 27.5
1+M 1+0.15 1.15

This is 99.7% of the desired setting.

To set 7 = 3. 29 ohms:

Z

Step 1: The lowest tap Scfor 65¢ greater than 3.29 is

Step 2: Te nearest to 3.29 = 3.29 is 3.64
1

Set TC in 3.64 tap.

TeSc 3.64 x 1
— 1= 1=1.107—-1=
7o 3.29

Step 3: MC =

+.107

Hence, the nearest I\‘IC value is + .12. Now set
R lead in 0.03 tap and L lead in the upper .06
tap.

(Since MC has plus sign, lead L. must be over R.)

TeSc 364x1

(14Mg) 1 +.12
98.8%.0f the desired value.

Then, ZC: = 3.25 ohms, or
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Undervoltage Unit

A. The undervoltage unit is usually set to a value
corresponding to the minimum safe system volt-
age for stability. This voltage depends on many
factors, but is usually between 70 and 80 per-
cent of normal system voltage. The undervoltage
unit is set at the factory for 77% of normal
system voltage, or 92 V[ 1, (equivalent to 80
volts on the undervoltage unit). In cases where
each generator is equipped with its own trans-
former (unit connected system) the standard
factory setting is usually satisfactory for the
undervoltage unit.

B. In applications where multiple units are connec-
ted to the same bus, loss of field of one unit may
not depress the bus voltage to the point where
the undervoltage unit will operate if it has the
standard setting. The following recommendations
should be considered:

1. For cross-compound turbine generator ap-
plications, the dropout voltage (i.e., the
voltage at which the back contact of the
undervoltage unit closes) of the under-
voltage unit should be set for 87% ofgnormad
voltage (equivalent to 90 volt§ on) the

undervoltage unit).

2. For waterwheel generator applications,pwith
multiple machine tied to a commen bus, the
dropout voltage of the underyvoltage unit
should be set at 87%.

3. For all applicationsgwhere thé alarm func-
tion is not to be used “the undervoltage unit
contact should be jumped (Shorted).

4, For industrial applicatiens, with two or
more generators@oh theéwsame bus, the under-
voltage unit {contaet should be jumped
(shorted) amdgthé™alarm circuit not used.

5. For small{Synchronous condenser and large
motor applications, the undervoltage unit
contactpshould, in general, be jumped (short-
ed), £and 4the alarm circuit not used. In
special sases the machine may be treated
as in 2, above, where knowledge exists of
expected undervoltage level.

6. For gas turbine units, with high generator
impedance, the undervoltage unit may not
operate. For these applications the under-
voltage contacts should be short circuited.

C. The desired undervoltage unit setting is com-
puted by:

Setting = ViT = 1.5 VIN
where VN is phase-to-neutral voltage.

Note: An electrical check of this particular setting
is outlined in this instruction leaflet, under
the heading ‘‘Acceptance Cheek?’’.

Time Delay Consideragtions

It may be consemvatively stated that the rotor
structure and stator (heating; as a result of a shorted
field can be tolerated fordl0 secondson a conductor-
cooled machine andW25 seconds for a conventional
machine. This time may be as low as 5 seconds for
an open field (as, opposed to a field closed through
a field diseharge resistor on an exciter armature)
and agf high a5 one minute where the concern is
protection of an adjacent tandem compound unit
against partial loss-of-excitation in the faulted
machine.

In view of the above considerations, it is often
deSirable to use an external timer in conjunction with
the KLF Relay. The following examples are applica-
tions where an external timer would be desirable:

1. Cross-compound units, with undervoltage
unit setting of 90 volts, should use an
external timer to assure tripping before
thermal damage can result. The timer is
energized at the alarm output and should
be set for 10 seconds for a cross-compound
conductor cooled machine. For a conven-
tionally cooled cross-compound machine,
the external timer should be set for 25
seconds.

As an alternative to this, the KLF with
shorted undervoltage contacts maybe applied
and the alarm feature not used. With this
arrangement, trippimg takes place after the
15 cycle time delay provided by the X unit
in KLF relay.

2. Machines connected to a common high volt-
age bus may be protected against loss of
voltage due to loss-of-excitation in an adja-
cent machine by using a one minute timer
driven by the alarm output of the loss-of-
field relay.

3. In some critical applications 2-zone loss-of-
field protection may be desirable. In this
case, the Zone-1 KLF impedance circle
should be small and fully offset in the
negative reactance region. The long-reach

11
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should be set equal to synchronous react-
ance, Xd. The short-reach should be set
equal to one-half transient reactance, XDY%.
The trip circuit should trip directly, with
no time delay. The alarm circuit should
operate a timer which may be set from %-1.0
seconds, depending on user preference. If
the condition persists, this timer permits
tripping.

The second-zone KLF may be set with a
larger impedance characteristic and will
detect partial loss-of-field conditions. A
typical setting would be to just allow the
machine to operate at maximum hydrogen
pressure and 9.5 per unit voltage. If a low
voltage condition occurs, it is recommended
that tripping be accomplished through a timer
set for % second. Added to the X unit drop-
out time of %4 second, this gives an overall
time of 1.0 second. If the voltage is main-
tained, then the alarm circuit should start
a ‘‘last-ditch’’ timer. This timer may be set
anywhere from 10 seconds to one minute
depending on machine type and user pre-
ference.

Performance During Reduced Frequency

During major system break-ups, it is possible
that the generators may be called upon to operate at
reduced frequency for long periods of time. During
this condition the loss-of-field relay should be
secure and not over-trip for load conditions. The
KLF relay has a favorable charactéristie) during
this condition, since its tripping characteristic
becomes more secure during reduced®frequencies,
as shown in Fig. 12.

SETTING THE RELAY

The type KLF relay requires a setting for each
of the two compensators TA and TC, for each of the
two auto-transformersgyprimaries SA and Sc and for
the undervoltage unif.

Compensator (TA and TN

Each set of compensator taps terminates in in-
serts which are grouped on a socket and form approxi-
mately threeWguarters of a circle around a center
insert which%s,the common connection for all the taps.
Electricaly, connections between common insert and
tap inserts are made with a link that is held in place
with Wi, eonnector screws, one in the common and
onewnin the tap.

12

A compensator tap setting is made by loosening
the connector screw in the center. Remove the gon-
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 theycon-
nector screw in the center. Since theghbink and con-
nector screws carry operating current,gbeisure that
the screws are turned to bind snuglys

Compensator TC requires( an/ additional setting
for including or excluding the origin of R-X diagram
from the distance unit characteristic. If the desired
characteristic is similar tojthat shown on Fig. 5b,
the links should be set vertically in the + Tc arrow
direction. If a charactepistic similar to that shown in
Fig. 5c is desired{ set links horizontally in the - TC
arrow directien.

Auto-Trahsformer, Primary (SA and Sc)

Primary @tap connections are made through a
singleg@leadyfor each transformer. The lead comes out
of theltap plate through a small hole located just
belowythedtaps and is held in place on the proper tap
by afconnector screw.

An S setting is made by removing the connector
screw, placing the connector in position over the in-
sert of the desired setting, replacing and tightening
the connector screw. The connector should never
make electrical contact with more than one tap at a
time.

Auto-Transformer Secondary (MA and MC)

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

Values for which an M setting can be made are
from —.15 to + .15 in steps of .03. The value of a
setting is the sum of the numbers that are crossed
when going from the R lead position to the L lead
position. The sign of the M value is determined by
which lead is in the higher position on the tap plate.
The sign is positive (+) if the L lead is higher and
negative (—) if the R lead is higher.

An M setting may be made in the following man-
ner: Remove the connector screws so that the L, and R
leads are free. Determine from the following table
the desired M value and tap positions. Neither lead

i,
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connector should make electrical contact with more
than one tap at a time.

Tabulated Settings

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

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

Undervoltage Unit

The voltage unit is calibrated to close its con-
tact when the applied voltage is reduced to 80 volts.
The voltage unit can be set to close its contacts
from 70 volts to 90 volts by adjusting the resistor
located next to the directional unit (to the left ‘of
the upper operating unit). The spiral sprigg is)not
disturbed when making any setting other\than the
calibrated setting of 80 volts.

The undervoltage unit range of 707te, 90%volts
is equivalent to 80 to 104 Vi,-1, (op 67% to 87%
normal system voltage). This is becgalise'the voltage
on the unit is equal to 1.5 times VI-N.

Directional Setting

There is no setting Moy bejymade on directional
unit.

Indicating Contractor Switch (ICS)

No setting is required®on the ICS unit except
the selection of the @.2for 2.0 ampere tap setting.
This selection i, madesby connecting the lead lo-
cated in front of thejtap block to the desired setting
by means{ of the coennecting screw. When the relay
energizes a“125 volt or 250 volt d.c. type WL relay
switch, or equivalent, use the 0.2 ampere tap. For
48 volt d.c. applications set ICS in 2 ampere tap and
use S#304C209G01 type WL relay coil or equivalent.

INSTALLATION

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

relay vertically by means of the four mounting holes
on the flange for semi-flush mounting ofby means of
the rear mounting stud or studs for projectiom mount-
ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The elec-
trical connections may be made directly to the termi-
nals by means of screws for_steel panel mounting or
the terminal studs furnished wifhathe relay for thick
panel mounting. The terminal,_studs may be easily
removed or inserted byglocking two nuts on the stud
and then turning the proper nut with a wrench.

For detailed F'T) Case information refer to I.L.
41-076.

ADJUSTMENTS AND MAINTENANCE

Theé proper, adjustments to insure correct opera-
tion ©of this relay have been made at the factory. Upon
recelpt “of the relay, no customer adjustments, other
than_those covered under ‘‘SETTINGS,’ should be
required.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order:

A. Distance Unit (Z)

1. Connect the relay as shwon in Fig. 13 with
the switch in position 2 and the trip circuit

deenergized.

2. Make the following tap settings:
TA = 11.5 TC = 2.55
SA = 2 S C =1
MA: -.03 Mg =-.09

TC link in middle block should be set for +T,
direction.

This setting corresponds to ZA =23.7 ZC = 2.80

Adjust the phase shifter for 90° current lagging
the voltage.

3. With the terminal voltage at80 volts, increase
current until contacts just close. This current
should be within + 3% of 2.25 amp (2.32-2.18
amp.). This value corresponds to 1.SZA set-
ting since the voltage as applied to terminals
4 and 5 is equivalent to 1.5VlN voltage, or

. ViN 80 1
1 T e— I — x
AT 1.5 * 2.25

= 23.7 ohms.

4. Adjust phase shifter for 90° current leading
the voltage.

5. With the terminal veltage at 80 volts increase
current until contacts just close. This current

13
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should be within + 3% of 19.0 amps. (19.6—
18.4 amps.) This value corresponds to 1.52C
setting for the same reason as explained above.

Contact Gap The gap between the stationary contact
and moving contact with the relay in deenergized
position should be approximately .040°’’.

B. Directional Unit Circuit (D)

1. Connect the relay as shown in Fig. 13 with
the switch in position 1 and the trip circuit
deenergized.

2. Witha terminal voltage of 1volt and 5 amperes
applied, turn the phase shifter to 13° (current
leads voltage). The contacts should be closed.
This is the maximum torque position.

3. Raise the voltage to 120 volts and vary the
phase shifter to obtain the two angles where
the moving contact just makes with the left
hand contact. These two angles (where tor-
que reverses) should be where the current

leads the voltage by 283° and 103°, + 4°.

4. Contact Gap The gap between the stationary
contact and moving contact with the relay in

deenergized position should be approximately
.020".

C. Undervoltage Circuit

1. Connect the relay as shown in Fig. 13 with
switch in position 2 and the trip circuit de-
energized.

2. Decrease the voltage until the contacts,close
to the left. This value should be 80 +/3% volts.

D. Reactor Check

Apply 120 volts AC across terminal 6 and 7.
Measure voltage from terminal 6 to“4,and 7 to 4.
These voltages should be equal to eaeh other within
+ 1 volt.

Routine Maintenance

All contacts should“be periodically cleaned. A
contact burnisher S#182A836H01 is recommended for
this purpose. The 4se of abrasive material for clean-
ing contacts is not “recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contacts.

Repair Calibration

A. Auto-transformer Check

Avto-transformers may be checked for turns ratio
and gpolarity by applying a.c. voltage to terminals 4
and 5%and“following the procedure below.

14

1) Set SAand Sc on tap number 3. Set the ‘“‘R"
leads of MA and MC all on 0.0 and disconneect
the ‘““L."’ leads. Adjust the voltage for 90 volts.
Measure voltage from terminal 5 to the tap #Iyef
SA' It should be 30 volts (#1). From terminal 5
to tap #2 of Sa should be 60 volts. The ,same
procedure should be followed for taps #l and
#2 of Sc.

2) Set SA and SC on 1 and adjust the” voltage at
the relay terminals for 100" volts.“Measure volt-
age drop from terminals 5{tofeach’ of the M4 and
MC taps. This voltagéWshould” be equal to 100
(+ 1) plus the sum of,values) between R and tap
being measured. Example#100 (1 + .03 + .06) =
109 volts.

Transformershat ‘have an output different from
nominal by/moredthan 1.0 volt probably have
been damaged (and should be replaced.

B. Distance Unit(Middle Unit) Calibration

Make following tap plate settings.
TA =315.8; TC =5.1

SA :SC =1
Make MA = MC = -.15 settings:

““L."* lead should be connected to the ‘O’ insert

‘““R’’ lead should be connected to the upper ‘*.06"’
insert. (-.03-.06.06=-.15 between L. & R).

For the most accurate calibration preheat relay
for at least an hour by energizing terminals 5, 6
&7 with 120 volts, 3 phase.

The links in the middle tap block should be set
for the +T, direction.

1) Contact Gap Adjustment
The spring type pressure clamp holding the
stationary contact in position should not be loosened
to make the necessary gap adjustments.

With moving contact in the opened position, i.e.
against right stop on bridge, screw in stationary
contact until both contacts just make (use neon
light for indication). Then screw the stationary
contact away from the moving contact 1-1/3 turn
for a contact gap of .040".

2.) Sensitivity Adjustment

Using the connections of Fig. 13 apply 10
volts a.c. 90° leading, to terminals 4 and
5 pass .420 amperes through current cir-
cuit (terminals 9 and 8). The spiral spring
is to be adjusted such that the contacts

i,
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will just close.Deenergize the relay. The
moving contact should return to open
position against the right hand stop.

C) Impedance Characteristic Check

1) KMaximum Torque Angle

Adjust resistor Rp(mounted on the back of the
relay) to measure 8800 ohms. Applying 100 volts a.c.
to terminals 5and 4 and passing 5.2 amperes, through
the current circuit turn the phase shifter until the
moving contact opens. Turn the phase shifter back
(few degrees) until contacts close. Note degrees.
Continue to turn the phase shifter until contact opens,
then swing phase shifter back until contact closes
again. Note degrees. The maximum torque angle
should e (+ 3°) computed as follows:

Degrees to Close Contacts at Left +

Degrees to Close Contacts at Right 90
5 =

Adjust resistor R’B until the correct maximum-torque
angle is obtained.
2) Impedance Check

a. Adjust voltage to be 90 volts.
For current lagging 90° the impedance unitgSheuld
close its contacts at 3.12 — 3.35 amp.

Reverse current leads, the impedancefunit“should
close its contacts at 9.7 — 10.3 amperes:

b. Reverse the links in the middle tapfblock to—TC
position. Apply current of 10 amps.“The contacts
should stay open. Reverse current leadsto original
position. The contacts should open when current
is increased above 9.7 — 1083 amperes.

Set links back to +Tc position. Change SA and
sC to setting “‘2’’. Keeping yoltage at 90 volts,
90° leading check pick-up current. It should be
1.56 — 1.68 amperes), Now set the phase shifter
so that voltage ldgs the current by 90°, Impedance
unit shoulddrip now at 4.85 — 5.15 amperes.

c. Set Ty = 11.5, T = 2.55, Sp = 2, 8¢ = 1, My =
-.03 M-C = #£.09. Set voltage at 90 volts leading
the current by 80°. Impedance unit should trip at
2.61—2.45 “amp. Reverse current leads. Pickup
should be 20.8—22.1 amp.

Change SA' Sc = 3. Check pickup. It should be
6.95—7.35 amp. Reverse current leads. Pick-up
should be now 1.74—1.63 amp.

B) “Directional unit (Top Unit)

1) Contact Gap Adjustment
The spring type pressure clamp holding the

stationary contact in position should not be\loosened
to make the necessary gap adjustments,

With moving contact in the opened position, i.e.
against right stop on bridge, screw in stationary
contact until both contacts jusf, make. Then
screw the stationary contact away from the mov-
ing contact 3/4 of one/turn®fer a contact gap of
.022'",

2) Sensitivity Adjustment

With reactor Xyhaving its core screwed out by
about 1/8 inch apply 00 volt to terminals 6 and 7.
Observing polarities,as per schematic, and 5 amperes
current leading the, voltage by 13°, the spiral spring
is to be adjusted such that the contacts will just
close. The jadjustment of the spring is accomplished
by aotating the spring adjuster which is located on
the ‘underside of the bridge. The spring adjuster has
a_notehedPperiphery so that a tool may be used to
rotatemat. The spring type clamp holding the spring
adjuster should not be loosened prior to rotating the
the spring adjuster.

3) Plug Adjustment for Reversing of Spurious Torques

a. Set T = 0.0. Connect a heavy current lead from
Ta center link to terminal 8.

b. Short circuit terminals 6 and 7.

c. Screw in both plugs as far as possible prior to
starting the adjustment.

d. Apply 80 amps only momentarily, and the direc-

tional unit need not be cooled during initial rough
adjustment. But, the directional unit should be
cool when final adjustment is made.

e. When relay contact closes to the left, screw out
the right hand plug until spurious torque is
reversed.

f. When plug adjustment is completed check to see
that there is no closing toraue when relay is
energized with 40 amps and voltage terminals
6 and 7 short-circuited.

4) Maximum Torque Angle Check

With 120 volts and 5 amperes applied, vary the
phase shifter to obtain the two angles where
the moving contacts just close. These two angles
(where torque reverses) should be where the
current leads the voltage by 283° + 4° and 103°
+ 1. Readjust the reactor X4 if necessary.

E) Undervoltage Unit (Lower Unit)

15
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Note: The moving contact is in closed position
to the left when deengerized.

1) Contact Gap Adjustments
a) L.H. (Normally Closed) Contact Adjustment

With the moving contact arm in the closed posi-
tion, against left hand side of bridge, screw the
left-hand contact in to just touch the moving con-
tact (use neon light for indication) and then con-
tinue for one more complete turn.

b) R.H. (Normally Open) Contact Adjustment

With moving contact arm against the left hand
stationary contact screw the right hand stationary
contact until it just touches the moving contact.
Then back the right hand contact out two-thirds
of one turn to give 0.020 inch contact gap.

2) Sensitivity Adjustment
a) Apply voltage to terminals 4 & 5. With the
adjustable resistor, which is located at the upper
left hand corner, set for maximum resistance (2500
ohms) adjust the spring so that contacts make (to
the left) at 70 volts. The contacts should open
when unit is energized with 71 or more volts.

b) Relay is shipped with 80 volts setting. This is
accomplished by lowering resistance value until
contacts make at 80 volts and open when unit is
energized with 81 or more volts. The spring should
not be used for this setting.

F) Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to closefthe con-
tacts of the ICS. This value of current Slieuldynot be
greater than the particular ICS tap settings being
used. The indcator target should drop/reely.

G) Telephone Relay

Energize the telephone relay“with/120 volts d-c.
The telephone relay should /operate positively. With
an air gap of .003" — 004"‘the contacts should not
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close for approximately 15 cycles after the relay is
de-energized.

H) Compensator Check

Accuracy of the mutual impedance T of the
compensators is set within very close tolerances at
factory and should not change undgr normal condi-
tions. The mutual impedance of the compensators can
be checked with accurate instrumentsybythe procedure
outlined below.

1. Set TA on the 15.8 tap
TC on the 5.1 tap

2. Disconnect the I.-leadsyof sections MA and MC

3. Pass 10 amperes ale. current in terminal 9 and
out of terminal 8.

4. Measure the,compensator voltage with an accurate
high resistanceéyvoltmeter (5000 ohms/ volt).

5. Compensator )A-voltage should be checked be--

tweenl lead LA and terminal 5.

Eor TA =(15.8 the voltage measured should be 237
yolts, + 3%.

6. Lompensator C voltage should be checked between
lead LC and the fixed terminal on the resistor
which is mounted in the rear.

For TC = 5.1, the voltage should be 76.5 volts (*
3%).

7. For all other taps the compensator voltage is
1.5IT (* 3%)

where I - relay current
T - tap setting.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to the customers who are equipped for
doing repair work. When ordering parts, always give
the complete nameplate data.
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POS. DC
IZ TD-1=TD—-A + 0.25SEC.
0.25 SEC I
5/0 ®5 °
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Fig.9 Generalized External Schematic
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Fig. 10 Zone-1 Impedance Characteristic.
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+X

R

DIRECTIONAL ELEMENT
STEADY STATE STABILITY LIMIT
ZONE 2 RELAY

MACHINE CAPABILITY CURVE,

MEL ( MAX. Hp PRESSURE )

3491A03

Fig. 11 Zone-2 Impedance Characteristic.

X
50 HERTZ
55 HERTZ
R
60 HERTZ
68 HERTZ
3491208
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Fig. 12 KLF Frequency Response for Impedance Unit
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INSTALLATION

Westinghouse I.L. 41.748H
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KLF LOSS-OF-FIELD RELAY

CAUTION Before putting protective relays into ser-
vice, remove all blocking which may have been in-
serted for the purpose of securing the parts during
shipment, 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 KLFrelay is a single-phase relay connected
to the a-c side of a synchronous machine and contains
three units connected so that the operation of two
units sounds an alarm warning the operator of a low
excitation condition, and the additional operation of
the third unit sets up the trip circuit. The relay can
be applied without modification to all types of syn~
chronous machines.

CONSTRUCTION

The relay consists of two air-gap transformers
(compensators), two tapped auto-transformers,” one
reactor, one cylinder-type distance umit, directional
unit with adjustable reactor, an undervoltage unit
with adjustable resistor, telephoneéirelays@and an ICS
indicating contactor switch.

Compensator

The compensators which are designated Tp and
and ’I‘C are two-winding airigap gransformers (Fig. 2).
The primary or currént /.winding of the long-reach
compensator TA has ‘séven taps which terminate at
the tap block. hey‘are marked 2.4, 3.16, 4.35, 5.93,
8.3, 11.5, 18.8. /Fhe primary winding of the short-
reach compensator T also has seven taps which
terminate at thisytap block. They are marked 0.0,
0.91,1.217, 1.82, 2.55, 3.64, 5.1. A voltage is induced
in the secondary which is proportional to the pri-
mary tap and current magnitude. This proportionality
is .established by the cross sectional area of the
laminated) steel core, the length of an air gap which
islocated in the center of the coil, and the tightness
ofy the laminations. All of these factors which in-

SUPERSEEDES I.L. 41-748G

*Denotes change from superseded issue.

fluence the secondary fvoltage proportionality have
been precisely set at theffactory. The clamps which
hold the laminations sheuldnot be disturbed by either
tightening or loosening the clamp screws.

The secondary winding is connected in series
with the relagterminal voltage. Thus a voltage which
is proportional toathe line current is added vectorially
to the relay terminal voltage,

Atto-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
beyconnected additively or subtractively to inversely
modify the S setting by any value from —15 to +15
percent in steps of 3 percent.

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

The auto-transformer makes it possible to expand
the basic ranges of the long and the short reach com-

S
T Any relay ohm
setting can be made within + 1.5 percent from 2.08
ohms to 56 ohms for the long reach and from .79 ohms

to 18 ohms for the short reach.

pensators by a multiplier of

Impedance Tripping Unit

The distance unit is a four pole induction cyl-
inder type unit. The operating torque nf the unit is
proportional to the product of the voltage quantities
applied to the unit and the sine of the phase angle
between the applied voltages. The direction of the
torque so preduced depends on the fault location
with respect to the balance point setting.

EFFECTIVE JUNE 1971
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Fig. 2 Compensator Construction

Mechanically, the cylinder unit is compoesed¥of
four basic components: A die-cast aluminum frame,
an electromagnet, a moving element asS€mblygand a
molded bridge. The frame seryes @as a |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 bearingiean be replaced,
if necessary, without havinggto remeve the magnetic
core from the frame.

The electromagnet hasgtwo sets of two series
connected coils mounted diametrically opposite one
another to excite eachyset of poles. Locating pins on
the electromagnet are used to accurately position the
lower pin bearing, which is mounted on the frame,
with respect to“the upper pin bearing, which is
threaded into the bridge. The electromagnet is se-
cured to the frame by four mounting screws.

The) moving element assembly -consists of a
spiral) spring, contact carrying member, and an alu-
minumy eylinder assembled to a molded hub which
holds the shaft. The hub to which the moving-contact
arm-is clamped has a wedge-and-cam construction,

Fig. 3 Internal Schematic of Type KLF Relay in FT41 Case

to provide low-bounce contact action. A casual in-
spection of the assembly might lead one to think that
the contact arm bracket does not clamp on the hub as
tightly as it should. However, this adjustment is ac-
curately made at the factory and is locked in place
with a lock nut and should not be changed. Optimum
contact action is obtained when a force of 4 to 10
grams pressure applied to the face of the moving
contact will make the arm slip one-fourth of its total
free travel. Free travel is the angle through which
the hub will slip from the condition of reset to the
point where the clamp projection begins to ride up on
the wedge. The free travel can vary between 15° to
20e,

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

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
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Fig. 4 External‘Schematic of Type KLF Relay

the upper pin bearing, the bridge is used for mgunting
the adjustable stationary contact housing. This{sta-
tionary contact has .002 to .006 inch follow®whichfis
set at the factory by means of the adjusting sSecrew.
After the adjustment is made the screwyis sealed in
position with a material which flows around the
threads and then solidifies. Theystatienary contact
housing is held in position by a_spting type clamp.
The spring adjuster is located on the underside of
the bridge and is attached to the,moving contact arm
by a spiral spring. The spring adjuster is also held
in place by a spring t¥pe clamp.

When contact§ close,Wthe electrical connection
is made through4he stationary contact housing clamp,
to the moving contaet, through the spiral spring and
out to the spring adjuster clamp.

Directional Unit

The directional unit is an induction cylinder
unit operating on the interaction between the polariz-
ing circuit, flux and the operating circuit flux.

Mechanically, the directional unit is composed
of the same basic components as the distance unit: A

die-cast aluminum frame, an electromagnet, a moving
element assembly, and a molded bridge.

The electromagnet has two series-connected
polarizing coils mounted diametrically opposite one
another; two series-connected operating coils mounted
diametrically opposite one another; two magnetic ad-
justing plugs; upper and lower adjusting plug clips,
and two locating pins. The locating pins are used to
accurately position the lower pin bearing, which is
threaded into the bridge. The electromagnet is se-
cured to the frame by four mounting screws.

The moving element assembly consists of a
spiral spring, contact carrying member, and an alu-
minum 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 with
the cylinder rotating in an air gap formed by the
electromagnet and the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
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Fig. 5 R-X Diagram Characteristics with Various Z_ -
Compensator Settings

the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by spiral spring. The spring adjuster is
also held in place by a spring type clamp.

Undervoltage Unit

The voltage unit is an induction-cylinder, units

Mechanically, the voltage unit is compesedlike
the directional unit, of four components:/fA dieease
aluminum frame, an electromagnet, a moving element
assembly, and a molded bridge.

The electromagnet has two paifs ofywoltage coils.
Each pair of diametrically oppesed‘eoils 1s connected
in series. In addition one pair‘is in“series with an
adjustable resistor. Thesefsets, are in parallel as
shown in Fig. 3. The adjustable/resistor serves not
only to shift the phase amfgle of'the one flux with re-
spect to the other to\ produce torque, but it also
provides a pick-up adjustment.

Otherwise thedindervoltage unit is similar in its
construction to'the dirgetional unit.

Telephone Relay

The telephone relay (X) has a slow drop-out
characteristic. When energized, the solenoid core
attracts an iron right-angle armature bracket which in
turn opens the break contacts. In actual service, the
rélay®isynormally energized holding the break con-
tacts open. (Note: the make contacts are not used.)
Drop-out delay adjustment is obtained by varying
the air-gap between the armature and the core.
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a)I,;=o0
CONTACT
CLOSES 4 Vop=Viy
\\;
t
I
1
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)
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¢ (—1.51,2¢
) Vit Vop
et Comm—
¥ 5
) 1=k, |l=90° ——
FvpoLrer) TOTi2a

RELAY-TYPE KLF VECTOR DIAGRAMS
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Fig. 6 Effect of Compensator Voltages(zc is positive)

Indicating Contactor Switch Unit (ICS)

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

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

OPERATION

The relay is connected and applied to the system
as shown in Fig. 4. The directional unit closes its
contacts for lagging var flow into the machine. Its
zero torque line has been set at —13° from the R-axis.
Its primary function is to prevent operation of the
relay during external faults. The impedance unit
closes its contacts when, as a result of reduction in
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% Fig. 7 Typical Machine Capacity Curves Plotted on a Per

Unit KVA Basis (183,500 KVA, 45% H2, 18KV, 0.9
pf, 0.64 SCR, inner-cooled, 3600 rpm.)

excitation, the impedance of the machine as viewed
from its terminals is less than a predetermined value.
The operation of both the impedance and directional
untts sounds an alarm, and the additional operatioft
of the undervoltage unit trips the machine. As sheown
in Fig. 4, the contacts of all three units areycons
nected in series across a telephone type relay desig-
nated X, which provides approximately 15 £¥yeles
time delay on dropout before energizing the trip £oil:
This time delay is to insure positive contact ‘ceor-
dination wunder all possible operating {econditions.
During normal conditions, all contacts ‘@Qre open.

Principle of Distance Unit Operation

The distance unit is an ipduction®cylinder unit
having directional characteristies. Operation depends
on the phase relationship g#f€tween magnetic fluxes
in the poles of the electromagnet.

One set of oppositeypoles, designated as the
operating poles are energized by voltage VlT modified
by a voltage deriveddfrom the long reach compensator
TA. The other set of peles (polarizing) are energized
by the same voltage VlT except modified by a voltage
derived from the short reach compensator Tc. The
flux in theé, polarizing pole is so adjusted that the
unit closes 1ts contacts whenever flux in the operat-
ing set ofypoles leads the flux in the polarizing set.

The voltage V1T is equal to

ViT = Vig +0.5 Vgg = 1.5 Vyy i
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As shown in Fig. 4, one-half of Vas voltage is
physically derived in the relay at midtap of a reactor
connected across voltage V23.

Reach of the distance unit is determined by
compensators Tp and Tc as modified by auto-trans-
former settings. Compensators TA and TC are de-
signed so that its mutual impedance ZA or ZC has
known and adjustable values as described below
under CHARACTERISTICS and SETTINGS. The
mutual impedance of a compensator is defined here
as the ratio of secondary induced voltage to primary
current and is equal to T. Each secondary compensa-
tor voltage is in series with the voltage V1T' Com-
pensator voltages are equal to 1.5I1 Zp for long
reach compensator and 1.511 ZC for short reach
compensator, where I, is the relay current.

Fig. 5 shows how the compensation voltages
1.511Z  and 1.5I1 Zc influence the R-X circle. Note
that Z independently determines the ‘‘long reach’’,
while Z~ independently fixes the ‘‘short reach’’.
With the reversing links in the normal position (+Zc)
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the circle includes the origin; with the opposite link
position (—ZC) the circle misses the origin. The fol-
lowing paragraphs explain this compensator action.

Referring to Fig. 4 note that Rg and Cpg cause
the polarizing voltage to be shifted 90° in the leading
direction. Thus, when the current is zero, polarizing
voltage VpoL leads the operating voltage Vop by
90°, as shown in Fig. 6(a). This relation produces
restraining torque. To illustrate how Za fixes the
long reach, assume a relay current which leads VIN
by 90° and of sufficient magnitude to operate the
relay. This means the apparent impedance is along
the —X axis. Note in Fig. 6(b) that the ZA compen-
sation reverses the operating voltage phase position.
The relay balances when this voltage is zero. Note
that this balance is unaffected by the Zc compensa-
tion, since this compensation merely increases the
size of VPOL.

For lagging current conditions note in Fig. 6(c)
how VPOI_. is reversed by the Zc compensation. In
this case the ZA compensation has no effect on the
balance point. This explains why the short reach
point is fixed independently by Zc.

Fig. 6 assumes that ZC is positive (circle in-
cludes origin). If the current coil link is reversed,
the compensation becomes +1.51, Zn. In Fig. 6(b)
this change would result in, Vpgy, being_reduced
rather increased by the compensation. As the/current
increases Vp(, will finally be reversed, reestablish-
ing restraining torque. Thus, the cufrent sneed not
reverse in order to obtain a ‘‘shert-reach’’ balance
point. Instead the apparent impedance need only
move towards the origin in the —X\region to find the
balance point. Therefore, the ¢ircle does not include
the origin with a reversed link™positiGn.

CHARACTERISTICS

The type KLFelay. isfavailable in one range.

Distance Unit,

The distanee unit” can be set to have charac-
teristic circles thatf{pass through origin, include it,
or exclude it, as shown in Fig. 5.

The ZA and Zc values are determined by com-
pensator \settings and modified by autotransformer
settings S, L, and R. The impedance settings in
ohms reach can be made for any value from 2.08 to
86 _ohms for Z,, and from 0.79 ohm to 18 ohms for Zc
in steps of 3 percent.

The taps are marked as follows:

Ta

2.4, 3.16, 4.35, 5.93, 8.3, 11.5, 15.8

Tc

0.0, 0.91, 1.27, 1,82, 2.55, 3164, 5.1

(Sp, S¢)

1 2 3

(My, Mg

+ values,between taps .03, .06, .06

Directional Unit

The"KLF relay is designed for potential polari-
zation with)>an internal phase shifter, so that maximum
torque “@ccurs when the operating current leads the
polartizing voltage by approkimately 13 degrees. The
minimum pickup has been set by the spring tension to
be ‘approximately 1 volt and 5 amperes at maximum
forque angle.

Undervoltage Unit

The undervoltage unit is designed to close its
contacts when the voltage is lower than the set value.
The undervoltage unit is energized with ViT -voltage.
This voltage is equal to 1'5V1N voltage. The con-
tacts can be adjusted to close over the range of 65
to 85 percent of normal system voltage. The dropout
ratio of the unit is 98 percent or higher.

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d.c. and the seal-in contacts of the
indicating contactor switch will safely carry this
current long enough to trip a circuit breaker.

The indicating contactor switch has two taps
that provide a pick-up setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant

Indicating Contactor Switch (ICS)

0.2 ampere tap - 6.5 ohm d-c resistance
2.0 ampere tap - 0.15 ohm d-c resistance
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Burden
Current
@5 amps, 60 cycles
Tp & Tc ANGLE
SETTINGS VA OF LAG
MAX. 18.6 T7°
MIN. 3.8 51°
Potential
@ 120 volts, 60 cycles
Phase AB Phase BC
ANGLE ANGLE
Sa =S¢ VA OF LAG VA OF LAG
1 18.0 2° 2.6 12°
2 14.4 31° 5.9 38e
3 13.9 39° 6.6 42e
D-C Circuit
RATING WATTS @ RATED
125 3.9
250 7.8

Thermal Ratings

Potential: 132 volts (L-L) continuous

Current: 8 amperes continuous

200 amperes for 1 second

SETTINGS CALCULATIONS

Distance Unit

Set the distance unit to operate before the steady-
state stability limit is exceeded. Also, to allow maxi-
mum output without an alarm, set the distance umit |t
allow the machine to operate at maximum hydregen
pressure and 0.95 per unit voltageg(lowest voltage
for which thie capability curve appli€s). Where the
maximum capability of the machine cannot be realized
without exceeding the steady-state ‘stability limit,
set the distance unit to operate, befere the steady-
state limit is exceeded. Capability curves similar
to Fig. T are obtained from the gemerator manufacturer.

To determine the deésiredq setting convert the
capability curve of Fig. 7 to the impedance curve of

Vg, 2,
Fig. 8 by calculating

where Vp is the per
(KVA)c

unit terminal voltage and (KVA)c is the per unit out-
put (use conjugate value)

For example, from fig. 7, an output of 0.6 per
unit Kwhen'30# Hz curve is —0.4 per unit reactive
KV Agqthen

—1(-0.4
(KVA), = V0.62 + (—0.4)2 /--tan (5:4)

0.715 /+33.6° per unit

1l

d VT2 12
an 7z =- — = ———
(KVA)C 0.715 /33.6°

per unit as shown in fig. 8.

=1.4 /—-33.6°

After plotting the steady-state stability Iimit and
the machine capability curves opn" the, R-X diagram,
plot the relay circle betweenytheastability limit and
the capability curve. (Note in Fig. 8 that the relay
circle cannot be plotted within the 60# — Vo= 0.95
curve, since the machine iS*beyond the steady-state
stability limit for these conditions.) This plot defines
the desired reach ZAand radius R of the relay
circle. Then use thepfollewing procedure to select
tap settings.

1000 (kv)2 Re

Zpase = ohms (2)
(kva) RV
where
Zhase = ©One per unit primary ohms/as
seen from the relay
kv = rated phase-to-phase voltage of

the machine.
kva =rated kva of the machine

Rc = the current transformer ratio.

Rv = the potential transformer ratio.

The actual settings, ZA and ZC' are:

ZA =(Z 4 per unit) x (Zy,qe) (3)

Zc = (Zc per unit) x (Zbase) = (4)
(ZR—ZA) X (Zpase)

where R = radius of circle in per unit.

The tap-plate settings are made according
to equations:

TS
ZA(OT Zc) = (5)
1+ M
where:
T = compensator tap value.
S = auto-transformer primary tap val-
ue.
M = auto-transformer secondary tap

value.

(M is a per-unit value determined by taking the
sum of the values between the L and the R
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the 7 setting).

tain an optimum setting of the relay:

1.L.(41-748H
leads. The sign is positive when L is above R Step 2: T nearest to 3.29 = 3.29 is 3.64
and acts to lower the 7 setting. The sign is 1
negative when R is above L and acts to raise Set TC in 3.64 tap.
The following procedure should be followed to ob- TC SC 3.64 x 1
Step 3: MC: - 1= ———— =1 = 1.107 -1 =
1. Select the lowest tap S which give a product Zc 3.29

of 18.65A greater than desired ZAand a pro-
duct of SSC greater than desired Zc.
2. Select a value of M that will most nearly make

it equal to:
TS

M= -
Z

If the sign is négative, then the M taps are connected
with the R lead above the L lead to raise the setting.
Sample Calculations

Assume that a KLF relay is to be applied to the
following machine:

3-phase, 60 cycles, 3600 rpm,

0 9 pf, 183,500 KVA at 45#H,.

R, = 1400/1

18 kv, rated at

Ry = 150/1

If the recommended setting from Fig. 8 is used:
ZA per unit = 1.68

ZC per unit = 2R — Zp=2x0.94- 1.68 =0.20

(The relay circle in Fig. 8 was obtained by friad

and error using a compass to get the desigedradius.

and offset.)
R 2

1000 (kv) ‘¢ 1000 x (18) &£ x 1400 1645

zZ = =
(1) “pase 183,500 x 150

(kva)Rv

Johms

(2) 2, = Z y(ver unit) (Zy,q,) = (1.68) (16.45) 27.6 ohms

(3) Zq = Z o (per unit) (Zy, o) = (0.20§16.45W= 3.29 ohms
To set ZA =27.6

Step 1: The lowest tap S for 18.6 SA greatet than
ZA = 27.6 is 2. Set SA in tap 2.

Step 2. Tp nearest to 2%.6%5413.8 is Ty = 15.8
2
Set TA in 15.8 tap
Tp Sy 15.8 x 2
Step 3: MA: “lzg — 1=
Z 27.6

1.145 — = +145

Set M =“4).15. Plaee R lead in 0, L lead in upper
.06. The relay setting is now:

TASA  15.8x2
Actual ZA = = =
1+M 1+0.15

This is 99.7% of the desired setting.
To set ZC = 3.29 obms:

31.6
1.15

=27.5

Step, 1: The lowest tap Scfor GSC greater than 3.29 is
Sc = 1.

Set Sg = 1

+.107

Hence, the nearest MC valie is + .12. Now set
R lead in 0.03 tap and Iy lead in the upper .06
tap.

(Since MC has plus “sign, lead L. must be over R.)

Te 8¢ _3.64x1

(1¥Me) 1 +.12
98.8%) of the desired value.
Undervaltage Unit

Then, ZC: = 3.25 ohms, or

% A. In“application where multiple units are connected
tosthe“same bus, loss of field of one unit may not
depress the bus voltage to the point where the
undervoltage unit will operate if it has the stan-
dard setting. The following recommendation should
be added to:

1. For cross compound turbine generator applica-
tion, the dropout voltage of the undervoltage
unit should be set 87 volts.

2. For waterwheel generator applications, with
multiple machine tied to a common bus, the
dropout voltage of theundervoltage unit should
be set at 87 volts.

3. For all applications where the alum function
is not to be used the undervoltageunit contact
should be jumped (shorted).

4, For industrial applications, with two or more
generators on the same bus, the undervoltage
unit contact should be jumped (shorted) and the
alarm circuit not used.

5. For Synchronous condenser and large motor
applications, the undervoltage unit contact
should, in generdl, be jumped (shorted), and
the alarm circuit not used. In special cases
the machine may be treated as in 2 above.

B. In cases where each generator is equiped with
its own transformer (unit connected system) the
standard factory setting of 80 volts dropout (cor-
responding to 92.5 volts line to line) is usually
satisfactory for the undervoltage unit. It should
operate at a level commensurate with the minimum
safe voltage for system stability.

C. The desired undervoltage unit setting is computed
by: Setting = Vyp = 1.5 Vjy Wwhere Vg is phase
to neutral voltage.
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Note: An electrical check of this particular setting
is outlined in this instruction leaflet, under the head-
ing ‘‘Acceptance Check’’.

SETTING THE RELAY

The type KLF relay requires a setting for each
of the two compensators TA and TC, for each of the
two auto-transformers, primaries SA and SC' and for
the undervoltage unit.

Compensator (TA and T¢)

Each set of compensator taps terminates in in-
serts which are grouped on a socket and form approxi-
mately three quarters of a circle around a center
insert which is the common connection for all 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 coné
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.

Compensator TC requires an additional _setting
for including or excluding the origin of R-X diagram
from the distance unit characteristic. “If,theydesired
characteristic is similar to that shown»onyF'ig. 5b,
the links should be set vertically jin,the, + TC arrow
direction. If a characteristic similarte, thatrshown in
Fig. 5c is desired, set links horizontally¥"in the - TC
arrow direction.

Auto-Transformer Primogy (S,)@nd Sc)

Primary tap c@nnectionsyare made through a
single lead for eac¢h,trafsformer. The lead comes out
of the tap plate through 4@ small hole located just
below the taps and is held in place on the proper tap
by a connector screw.

An S setting is made by removing the connector
screw, placing the connector in position over the in-
sert of4the desired setting, replacing and tightening
the conmnector screw. The connector should never
make €lectrical contact with more than one tap at a
time;
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Auto-Transformer Secondary (MA and Mc)

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

Values for which an M settingiean“be made are
from —.15 to + .15 in steps of .03. The value of a
setting is the sum of the numbers that are crossed
when going from the R leadWposition to the L lead
position. The sign of théM value is determined by
which lead is in the higher pésition on the tap plate.
The sign is positivey(+) if%¢he L lead is higher and
negative (—) if the R lead is higher.

An M setting’ may Jbe made in the following man-
ner: Remove theleconnéctor screws so that the . and R
leads are,_free)y Determine from the following table
the desired M®walue and tap positions. Neither lead
connector should make electrical contact with more
than one tapsat a time.

Tabulated Settings

z M L Lead R Lead
0.87T'TS +.15 Upper .06 0
0.89 TS +.12 Upper .06 .03
0.92 TS +.09 Lower .06 0
0.94 TS +.06 Upper .06 Lower .06
0.97 TS +l.03 .03 0

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

Undervoltage Unit

The voltage unit is calibrated to close its con-
tact when the applied voltage is reduced to 80 volts.
The voltage unit can be set to close its contacts
from 70 volts to 90 volts by adjusting the resistor
located next to the directional unit (to the left of
the upper operating unit). The spiral spring is not
disturbed when making any setting other than the
calibrated setting of 80 volts.

Directional Setting

There is no setting to be made on directional
unit.
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KLF RELAY (FRONT VIEW)
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Fig. 9 Diagfam of Test Connections for KLF Relay

Indicating Contractor Switch (ICS)

No setting is required on the I@S  unit“except
the selection of the 0.2 or 2.0 ampere/tap setting.
This selection is made by conneéting ‘thé lead lo-
cated in front of the tap block to'the desired setting
by means of the connecting _screw.®™When the relay
energizes a 125 volt or 2504volt die. type WL relay
switch, or equivalent, use theW0.2 ampere tap. For
48 volt d.c. applicationsgset I€S in 2 ampere tap and
use S#304C209G01 type WL telay coil or equivalent.

INSTALLATION

The rglays should be mounted on switchboard
panels orftheirfequivalent in a location free from dirt,
moisture, ‘@xcessive vibration, and heat. Mount the
relay verticallyby means of the four mounting holes
on the flange for semi-flush mounting or by means of
the rear mounting stud or studs for projection mount-
ing, Either a mounting stud or the mounting screws
may Wbe utilized for grounding the relay. The elec-
trical“connections may be made directly to the termi-
nals by means of screws for steel panel mounting or
the terminal studs furnished with the relay for thick
panel mounting. The terminal studs may be easily

removed or inserted by locking two nuts on the stud
and then turning the proper nut with a wrench.

For detailed FT Case information refer to I.L.
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory. Upon
receipt of the relay, no customer adjustments, other
than those covered under ‘‘SETTINGS,’’ should be
required.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order:

A. Distance Unit (2)

1. Connect the relay as shown in Fig. 9 with
the switch in position 2 and the trip circuit

deenergized.

2. Make the following tap settings:
TA = 11.5 TC = 2.55
SA = 2 S Cc~ 1
MA: -.03 Mg =-.09
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Tc link in middle block should be set for +Tc
direction.

This setting corresponds to ZA = 23.7 ZC =2.80

Adjust the phase shifter for 90° current lagging
the voltage.

3. With the terminal voltage at80 volts, increase
current until contacts just close. This current
should be within + 3% of 2.25 amp (2.32-2.18
amp.). This value corresponds to l.SZA set-
ting since the voltage as applied to terminals
4 and 5 is equivalent to 1.5VlN voltage, or

. VIN 80 1
T — T c— x
AT 1.5~ 2.25

= 23.7 ohms.

4. Adjust phase shifter for 90° current leading
the voltage.

5. With the terminal veltage at 80 volts increase
current until contacts just close. This current
should be within + 3% of 19.0 amps. (19.6—
18.4 amps.) This value corresponds to 1.52C
setting for the same reason as explained above.

Contact Gap The gap between the stationary contact
and moving contact with the relay in deenergized
position should be approximately .040’’.

B. Directional Unit Circuit (D)

1. Connect the relay as shown in Fig. 9, with
the switch in position 1 and the trip cireuit
deenergized.

2. Witha terminal voltage of 1volt and S¢@mperes
applied, turn the phase shifter fo 132 (current
leads voltage). The contacts shouldbe“elosed.
This is the maximum torque posgition.

3. Raise the voltage to 120 volts and vary the
phase shifter to obtain th@"twovangles where
the moving contact justimakes with the left
hand contact. Thesegtwo “angles (where tor-
que reverses) should de@where the current
leads the voltage, by,283° and 103°, + 4°,

4. Contact Gap{ Theygapibetween the stationary
contact andymo¥ving Lontact with the relay in
deenergized position should be approximately
.020".

C. Undervoltage Circuit

1. Connect the relay as shown in figure 9, with
switeh\in position 2 and the trip circuit de-
energized.

2. ‘Decrease the voltage until the contacts close
tothe left. This value should be 80+ 3% volts.
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D. Reactor Check

Apply 120 volts AC across terminal 6 and T.
Measure voltage from terminal 6 to 4 and 7 to,4.
These voltages should be equal to each other within
+ 1 volt.

Routine Maintenance

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 i§,recemmended for
this purpose. The use of abrasiveymaterial for clean-
ing contacts is not recommendgd,| because of the
danger of embedding small4partielés in the face of
the soft silver and thus impairing,the contacts.

Repair Calibration

A. Auto-transformer Check

Auto-transformersimay be checked for turns ratio
and polarity{by applying a.c. voltage to terminals 4
and 5 and following the procedure below.

1) Set SAand Sc on tap number 3. Set the “R”
leads“of M 5 and Mc all on 0.0 and disconnect
the %L’’ Teads. Adjust the voltage for 90 volts.
Measure voltage from terminal 5 to the tap #1 of
SA' It should be 30 volts (#1). From terminal 5
tontap #2 of SA should be 60 volts. The same
procedure should be followed for taps #1 and
#2 of Sc.

2) Set SA and Sc on 1 and adjust the voltage at
the relay terminals for 100 volts. Measure volt-
age drop from terminals 5 to each of the My and
Mc taps. This voltage should be equal to 100
(+ 1) plus the sum of values between R and tap
being measured. Example 100 (1 + .03 + .06) =
109 volts.

Transformers that have an output different from
nominal by more than 1.0 volt probably have
been damaged and should be replaced.

B. Distance Unit (Middle Unit) Calibration

Make following tap plate settings.
Ty =15.8; To =5.1

Sp =8¢ =1

Make MA = MC = -.15 settings:

““L’’ lead should be connected to the ‘O’ insert

‘‘R’’ lead should be connected to the upper ‘‘.06"’
insert. (-.03-.06.06=-.15 between LL & R).

For the most accurate calibration preheat relay
for at least an hour by energizing terminals 5, 6
&7 with 120 volts, 3 phase.
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The links in the middle tap block should be set
for the +T, direction.

1) Contact Gap Adjustment
The spring type pressure clamp holding the
stationary contact in position should not be loosened
to make the necessary gap adjustments.

With moving contact in the opened position, i.e.
against right stop on bridge, screw in stationary
contact until both contacts just make (use neon
light for indication). Then screw the stationary
contact away from the moving contact 1-1/3 turn
for a contact gap of .040".

2.) Sensitivity Adjustment

Using the connections of Fig. 9, apply 10
volts a.c. 90° leading, to terminals 4 and 5
pass .420 amperes through current circuit
(terminals 9 and 8). The spiral spring is to
be adjusted such that the contacts will just
close. Deenergize the relay. The moving
contact should return to open position
against the right hand stop.

C) Impedance Characteristic Check

1) Maximum Torque Angle

Adjust resistor Rg(mounted on the ba€k of the
relay) to measure 8800 ohms. Applying 100“welts a.c.
to terminals 5and 4 and passing 5.2 amperes, through
the current circuit turn the phase shifter until the
moving contact opens. Turn the phase shifter back
(few degrees) until contacts close., Note/degrees.
Continue to turn the phase shifter until contact opens,
then swing phase shifter back suntil,_centact closes
again. Note degrees. The maximum torque angle
should be (£ 3*) computedjas,follows:

Degrees to Close Coutaets at Left +
Degrees to Clese Contaets at Right _
2

90¢

Adjust resistor R’B untildthe correct maximum-torque
angle is obfained.
2) Impeddnce Check

a. Adjust voltageto be 90 volts.
For current lagging 90° the impedance unit should
close its contacts at 3.12 — 3.35 amp.

Reverse current leads, the impedance unit should
close its contacts at 9.7 — 10.3 amperes.

b. WReverse the links in the middle tap block to —Tc
position. Apply current of 10 amps. The contacts
should stay open. Reverse current leads to original
position. The contacts should open when current

is increased above 9.7 — 10.3 amperes.

Set links back to +T, position. Ghange, s , and
Sc to setting ‘“2"’. Keeping voltage,at/90 volts,
90° leading check pick-up current. It should be
1.56 — 1.68 amperes. Now set the phase shifter
so that voltage lags the current by“90°. Impedance
unit should trip now at 4485 — 5.15 amperes.

c. Set Ty = 11.5, T = 2.95, Sy = 2, 8¢ =1 My =
-.03 M-C = -.09. Set voltage at 90 volts leading
the current by 902 Impedance unit should trip at
2.61—2.45 amp, Reverse current leads. Pickup
should be 20.8—22.1amp.

Change SA, SC = /3. Check pickup. It should be
6.95—17.35 amp. Reverse current leads. Pick-up
should bednow 1.74—1.63 amp.

D) Direetional unit (Top Unit)
1) ¢ Contact Gap Adjustment

TheWspring type pressure clamp holding the
statienary contact in position should not be loosened
to‘make the necessary gap adjustments.

With moving contact in the opened position, i.e.
against right stop on bridge, screw in stationary
contact until both contacts just make. Then
screw the stationary contact away from the mov-
ing contact 3/4 of one turn for a contact gap of
.022",

2) Sensitivity Adjustment

With reactor X having its core screwed out by
about 1/8 inch apply 1.00 volt to terminals 6 and 1.
Observing polarities as per schematic, and 5 amperes
current leading the voltage by 13°, the spiral spring
is to be adjusted such that the contacts will just
close. The adjustment of the spring is accomplished
by rotating the spring adjuster which is located on
the underside of the bridge. The spring adjuster has
a notched periphery so that a tool may be used to
rotate it. The spring type clamp holding the spring
adjuster should not be loosened prior to rotating the
the spring adjuster.

3) Plug Adjustment for Reversing of Spurious Torques

a. Set T = 0.0. Connect a heavy current lead from
T p center link to terminal 8.

b. Short circuit terminals 6 and 7.

c. Screw in both plugs as far as possible prior to
starting the adjustment.

d. Apply 80 amps only momentarily, and the direc-
tional unit need not be cooled during initial rough

13
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adjustment. But, the directional unit should be
cool when final adjustment is made.

e. When relay contact closes move the left screw
out the right hand plug until spurious torque is
reversed.

f. When plug adjustment is completed check to see
that there is no closing torque when relay is
energized with 40 amps and voltage terminals
6 and 7 short-circuited.

4) Maximum Torque Angle Check

With 120 volts and 5 amperes applied, vary the
phase shifter to obtain the two angles where
the moving contacts just close. These two angles
(where torque reverses) should be where the
current leads the voltage by 283° + 4° and 103°
+ 1. Readjust the reactor Xdif necessary.

E) Undervoltage Unit (Lower Unit)

Note: The moving contact is in closed position
to the left when deengerized.

1) Contact Gap Adjustments
a) L.H. (Normally Closed) Contact Adjustment

With the moving contact arm in the closed posi-
tion, against left hand side of bridge, screw the
left-hand contact in to just touch the moving cons
tact (use neon light for indication) and then con-
tinue for one more complete turn.

b) R.H. (Normally Open) Contact Adjustment

With moving contact arm against the deft hand
stationary contact screw the right hand 'stationary
contact until it just touches the moyving contact.
Then back the right hand contacteqout twe-thirds
of one turn to give 0.020 inch contactigap.

2) Sensitivity Adjustment
a) Apply voltage to terminals 4 ‘& 5. With the
adjustable resistor, whichgis,loeated at the upper
left hand corner, set for maximdm resistance (2500
ohms) adjust the spring sejthat contacts make (to
the left) at 70 yolts, The, contacts should open
when unit is energized with 71 or more volts.

b) Relay is shippedjwith 80 volts setting. This is
accomplished by lowering resistance value until
contacts make at 80 volts and open when unit is
energized with 81'or more volts. The spring should
not be used for this setting.

F) Indieating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient

4

d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current stiould netmbe
greater than the particular ICS tap settings (being
used. The indcator target should drop freely.

G) Telephone Relay

Energize the telephone relay withgl20 volts d-c.
The telephone relay should operatel positively. With
an air gap of .003" — .004" the “Géentactsf should not
close for approximately 15 cycles after the relay is
de-energized.

H) Compensator Check

Accuracy of the jmutualgdimpedance T of the
compensators is set, withimyvery close tolerances at
factory and should not, change under normal condi-
tions. The mutual’impedance of the compensators can
be checked with acg¢urate instruments by the procedure
outlined below.

1. Set TA on. the 15.8 tap
TC omythe 5.1 tap

2. Disconneet the L-leads of sections MA and MC

3. Pass "10 amperes a.c. current in terminal 9 and
out of terminal 8.

4. Measure the compensator voltage with an accurate
high resistance voltmeter (5000 ohms/ volt).

5. Compensator A-voltage should be checked be--
tween lead LA and terminal 5.

For TA = 15.8 the voltage measured should be 237
volts + 3%.

6. Compensator C voltage should be checked between
lead LC and the fixed terminal on the resistor
which is mounted in the rear.

For TC = 5.1, the voltage should be 76.5 volts (*
3%).

7. For all other taps the compensator voltage is
1.5IT (* 3%)

where I - relay current
T - tap setting.

RENEWAL PARTS

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

Westinghouse I.L. 41-748G
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE KLF LOSS-OF-FIELD RELAY

CAUTION Before putting protective relays into ser-
vice, remove all blocking which may have been in-
serted for the purpose of securing the parts during
shipment, 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 KLFrelay is a single-phase relay connected
to the a-c side of a synchronous machine and contains
three units connected so that the operation of two
units sounds an alarm warning the operator of a low
excitation condition, and the additional operation of
the third unit sets up the trip circuit. The relay can
be applied without modification to all types of syn-
chronous machines.

CONSTRUCTION

The relay consists of two air-gap transfermers
(compensators), two tapped auto-transformers, one
reactor, one cylinder-type distance unit, directional
unit with adjustable reactor, an ufiderv@ltage unit
with adjustable resistor, telephone relay, and an ICS
indicating contactor switch.

Compensator

The compensators whieh are“designated Tp and
and T are two-winding alr, gap transformers (Fig. 2).
The primary or curremtgwinding of the long-reach
compensator TA has|'seven taps which terminate at
the tap block. Theyareamarked 2.4, 3.16, 4.35, 5.93,
8.3, 11.5, 15.8. The“primary winding of the short-
reach compensator TC also has seven taps which
terminate at this tap block. They are marked 0.0,
0.91,1.27, 1.82, 2155, 3.64, 5.1. A voltage is induced
in the secondary which is proportional to the pri-
mary tap and<4eurrent magnitude. This proportionality
is established by the cross sectional area of the
laminated steel core, the length of an air gap which
is,located in the center of the coil, and the tightness
of the laminations. All of these factors which in-

SUPERSEDES |.L. 41-748F

*Denotes change from superseded issue.

fluence the secondary g4voltage¥proportionality have
been precisely set at the/factory. The clamps which
hold the laminations ‘shouldmot be disturbed by either
tightening or loosening the clamp screws.

The secondaryWwinding is connected in series
with the relay temminal voltage. Thus a voltage which
is proportionalito the line current is added vectorially
to thewrelay ferminal voltage.

Avuto-Transformer

The®auto-transformer has three taps on its main
winding, S, which are numbered 1, 2, and 3 on the tap
bloeks” A tertiary winding M has four taps which may
be connected additively or subtractively to inversely
modify the S setting by any value from —15 to +15
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, .06, and .06.

The auto-transformer makes it possible to expand
the basic ranges of the long and the short reach com-

pensators by a multiplier of Any relay ohm

1+M°
setting can be made within + 1.5 percent from 2.08
ohms to 56 ohms for the long reach and from .79 ohms
to 18 ohms for the short reach.

Impedance Tripping Unit

The distance unit is a four pole induction cyl-
inder type unit. The operating torque of the unit is
proportional to the product of the voltage quantities
applied to the unit and the sine of the phase angle
between the applied voltages. The direction of the
torque so produced depends on the fault location
with respect to the balance point setting.

EFFECTIVE OCTOBER 1969
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Fig. 2 Compensator Construction

Mechanically, the cylinder unit is coOmpese@® of
four basic components: A die-cast alumindm /frame,
an electromagnet, a moving element assembly, and a
molded bridge. The frame semvestas a ) mounting
structure for the magnetic core..,The magnetic core
which houses the lower pin beating is“secured to the
frame by a locking nut. The bearingycan be replaced,
if necessary, without havinggto“temove the magnetic
core from the frame.

The electromagnet has two sets of two series
connected coils ‘mountéd diametrically opposite one
another to excite eachyset of poles. Locating pins on
the electromagneffare used to accurately position the
lower pin bearing, which is mounted on the frame,
with respect toWthe upper pin bearing, which is
threaded into the bridge. The electromagnet is se-
cured to the frame by four mounting screws.

The moving element assembly -consists of a
spiral spring, contact carrying member, and an alu-
mindm)cylinder assembled to a molded hub which
holds the shaft. The hub to which the moving-contact
arm is clamped has a wedge-and-cam construction,

Fig. 3 Internal Schematic of Type KLF Relay in FT41 Case

to provide low-bounce contact action. A casual in-
spection of the assembly might lead one to think that
the contact arm bracket does not clamp on the hub as
tightly as it should, However, this adjustment is ac-
curately made at the factory and is locked in place
with a lock nut and should not be changed. Optimum
contact action is obtained when a force of 4 to 10
grams pressure applied to the face of the moving
contact will make the arm slip one-fourth of its total
free travel. Free travel is the angle through which
the hub will slip from the condition of reset to the
point where the clamp projection begins to ride up on
the wedge. The free travel can vary between 15° to
20°.

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

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding




TYPE KLF RELAY

X-DENOTES CONTACTS CLOSED

— = I, 100%P. F LOAD PHAGE 1'01ATION 1,27 D C TRIP BUS x
' Poa-———T_._____—
GEN. 2
— 3 LoaD
R
Hi
7 0
\'dl CONTACT
ve CLOSING ZONE
v3
40 40 SYSTEM_R-X"DUAGRAM
8 q 7
T
f .
T
c .
1205 Vi = Yy
A
,
) SN ~
ba Ay
7/ AY
+ 4480 / N
9 / \ l— I
3£ L A
NEG. 2
DISTANCE UNIT VECTORS
POLARIZING ] FORNI100% P.F. GENERATOR OUTPUT
coiLs _ DEVICE NUMBER CHART _
OPERATING 40-LOSS OF FIELO RELAY. TYPE KLF
coiLs Ma D-DIRECTIONAL UNIT IN TYPE KLF RELAY
JIPN0Y) 1CS=INDICATING CONTACTOR SWITCH IN
S TYPE KLF RELAY GONTACT
Sa TA-LONG REACH COMPENSATOR CLOSES
TC-SHORT REACH COMPENSATOR
. FUSE KLF RELAY SEPARATELY FROM V-VOLTAGE UNIT IN TYPE KLF RELAY
ALL OTHER SECONDARY BURDENS X-TELEPHONE RELAY IN TYPE KLF RELAY Vp3 (REF)
2-IMPEOANCE UNIT IN TAPELKLF RELAY 13°
43 SWITCH (0PTIONAL) 43-0N-OFF CUT-OUT SWITCH 2
52-POWER CIRCUIT BREAKER i
T ofF | au | TRIP A-BREAKER AUX ILIARYQSWIFCH
e WARUTRIP TC-BREAKER TRIP COIL
3= X DIRECTIONAL UNIT VECTORS

FOR 100% P.F. GENERATOR OUTPUT

290B607

Fig. 4 External Schemdtic of Type KLF Relay

the upper pin bearing, the bridge is used for moufiting
the adjustable stationary contact housing. This sta-
tionary contact has .002 to .006 inch followgwhich is
set at the factory by means of the adjusting s€rew.
After the adjustment is made the screwdis ‘sealeed in
position with a material which flows areund the
threads and then solidifies. TheWstationary contact
housing is held in position by a_sSpring, type clamp.
The spring adjuster is locatedfon the underside of
the bridge and is attached to theymoving contact arm
by a spiral spring. The spring adjuster is also held
in place by a spring type clamp.

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

Directional Unit

The directional unit is an induction cylinder
unit operatingyon the interaction between the polariz-
ing cireuitiflux’and the operating circuit flux.

Meehanically, the directional unit is composed
of the same basic components as the distance unit: A

die-cast aluminum frame, an electromagnet, a moving
element assembly, and a molded bridge.

The electromagnet has two series-connected
polarizing coils mounted diametrically opposite one
another;two series-connected operating coils mounted
diametrically opposite one another; two magnetic ad-
justing plugs; upper and lower adjusting plug clips,
and two locating pins. The locating pins are used to
accurately position the lower pin bearing, which is
threaded into the bridge. The electromagnet is se-
cured to the frame by four mounting screws.

The moving element assembly consists of a
spiral spring, contact carrying member, and an alu-
minum 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 with
the cylinder rotating in an air gap formed by the
electromagnet and the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
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Fig. 5 R-X Diagram Characteristics with Various z, -~
Compensator Settings

the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by spiral spring. The spring adjuster is
also held in place by a spring type clamp.

Undervoltage Unit

The voltage unit is an induction-cylindérjunit.

Mechanically, the voltage unit is composed like
the directional unit, of four componentss Andiecase
aluminum frame, an electromagnet, a mowving el€ément
assembly, and a molded bridge.

The electromagnet has two pairs ofwoltage coils.
Each pair of diametrically opposed coils is connected
in series. In addition one pair 1shin series with an
adjustable resistor. Thesegsets, are in parallel as
shown in Fig. 3. The adjustable resistor serves not
only to shift the phase angle of the one flux with re-
spect to the other to produce torque, but it also
provides a pick-up,adjusStment.

Otherwis@ thepundervoltage unit is similar in its
constructionto the diréctional unit.

Telephone Relay

The telephone relay (X) has a slow drop-out
characteristicg When energized, the solenoid core
attracts an iron right-angle armature bracket which in
turfiepens the break contacts. In actual service, the
relayhis normally energized holding the break con-
tacts open. (Note: the make contacts are not used.)
Drop-out delay adjustment is obtained by varying
the air-gap between the armature and the core.
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Fig. 6 Effect of Compensator Voltages ( Z_is positive)

Indicating Contactor Switch Unit (ICS)

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

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

OPERATION

The relay is connected and applied to the system
as shown in Fig. 4. The directional unit closes its
contacts for lagging var flow into the machine. Its
zero torque line has been set at —13° from the R-axis.
Its primary function is to prevent operation of the
relay during external faults. The impedance unit
closes its contacts when, as a result of reduction in
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Fig. 7 Typical Machine Capacity Curves Plotted on a Per
Unit KVA Basis (183,500 KVA, 45# H2, 18KV, 0.9
pf, 0.64 SCR, inner-cooled, 3600 rpm.)

excitation, the impedance of the machine as viewed
from its terminals is less than a predetermined value.
The operation of both the impedance and directional
units sounds an alarm, and the additional operation
of the undervoltage unit trips the machine. As shown
in Fig. 4, the contacts of all three units are con-
nected in series across a telephone type relay desig-
nated X, which provides approximately 15 cycles
time delay on dropout before energizing the tripfcoil:
This time delay is to insure positive contact“cgor-
dination under all possible operating conditions.
During normal conditions, all contacts4are @pen.

Principle of Distance Unit Operation

The distance unit is an inductiomycylinder unit
having directional characteristicg. Operation depends
on the phase relationship between magnetic fluxes
in the poles of the electromagnet.

One set of opposite,voles,sdesignated as the
operating poles are efitergizedyby voltage Vit modified
by a voltage derived from the,long reach compensator
TA' The other set of“polesApolarizing) are energized
by the same voltage V1T except modified by a voltage
derived from the short reach compensator TC. The
flux in the polarizing pole is so adjusted that the
unit closes its contacts whenever flux in the operat-
ing set of@peles leads the flux in the polarizing set.

The*weltage V1T is equal to
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Fig-“8 Typical Machine Capacity Curves and Sample KLF
Settings — Per Unit Impedance

As shown in Fig. 4, one-half of V23 voltage is
physically derived in the relay at midtap of a reactor
connected across voltage V23.

Reach of the distance unit is determined by
compensators TA and T as modified by auto-trans-
former settings. Compensators TA and T are de-
signed so that its mutual impedance Zp or ZC has
known and adjustable values as described below
under CHARACTERISTICS and SETTINGS. The
mutual impedance of a compensator is defined here
as the ratio of secondary induced voltage to primary
current and is equal to T. Each secondary compensa-
tor voltage is in series with the voltage VlT' Com-
pensator voltages are equal to 1.51; Z, forlong
reach compensator and 1.511 ZC for short reach
compensator, where I, is the relay current.

Fig. 5 shows how the compensation voltages
1.51;Z  and 1.511 Ze influence the R-X circle. Note
that Z 5 independently determines the ‘‘long reach”’,
while Za independently fixes the ‘‘short reach’’.
With the reversing links in the normal position (+ZC)
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the circle includes the origin; with the opposite link
position (—ZC) the circle misses the origin. The fol-
lowing paragraphs explain this compensator action.

Referring to Fig. 4 note that RB and CB cause
the polarizing voltage to be shifted 90° in the leading
direction. Thus, when the current is zero, polarizing
voltage VpoL leads the operating voltage Vop by
90°, as shown in Fig. 6(a). This relation produces
restraining torque. To illustrate how Zp fixes the
long reach, assume a relay current which leads ViN
by 90° and of sufficient magnitude to operate the
relay. This means the apparent impedance is along
the —X axis. Note in Fig. 6(b) that the Z, compen-
sation reverses the operating voltage phase position.
The relay balances when this voltage is zero. Note
that this balance is unaffected by the ZC compensa-
tion, since this compensation merely increases the
size of VpoL.

For lagging current conditions note in Fig. 6(c)
how VpoL is reversed by the ZC compensation. In
this case the ZA compensation has no effect on the
balance point. This explains why the short reach
point is fixed independently by ZC.

Fig. 6 assumes that ZC is positive (cifcle in-
cludes origin). If the current coil link is rewersed,
the compensation becomes +1.51,ZC. In“Rig.“6(b)
this change would result in, VPOL being reduced
rather increased by the compensation. A§ the‘eurrent
increases Vp(y, will finally be reversed, reestablish-
ing restraining torque. Thus, the curren$, need not
reverse in order to obtain a ‘‘short=reach’’ balance
point. Instead the apparent impedance need only
move towards the origin in the =X region to find the
balance point. Therefore, the @ircleddoes not include
the origin with a reversed Jnk position.

CHARACTERISTICS

The type KLE relayds available in one range.

Distance Unit

The distance ufit can be set to have charac-
teristic circles that pass through origin, include it,
or exclude it, as shown in Fig. 5.

The Z, and Z values are determined by com-
pemsator, settings and modified by autotransformer
settings™S, L, and R. The impedance settings in
ohms“reach can be made for any value from 2.08 to
S6yohms for Zp, and from 0.79 ohm to 18 ohms for ZC
in steps of 3 percent.

The taps are marked as follows:

Ta

2.4, 3.16, 4.35, 5.93, 8.3, 11.5, 15.8

Tc

0.0, 0.91, 1.27,4.82,,2(55, 3.64, 5.1

(Sa, S¢)

1 2, 3

(M, M)

+ values between taps .03, .06, .06

Directional ‘Unit

The KL F relay is designed for potential polari-
zation with an internal phase shifter, so that maximum
torquejoccurs when the operating current leads the
polarizing voltage by approkimately 13 degrees. The
minimum pickup has been set by the spring tension to
be approximately 1 volt and 5 amperes at maximum
torque angle.

Undervoltage Unit

The undervoltage unit is designed to close its
contacts when the voltage is lower than the set value.
The undervoltage unit is energized with Vyp-voltage.
This voltage is equal to 1.5V y voltage. The con-
tacts can be adjusted to close over the range of 65
to 85 percent of normal system voltage. The dropout
ratio of the unit is 98 percent or higher.

Trip Circuit
The main contacts will safely close 30 amperes
at 250 volts d.c. and the seal-in contacts of the

indicating contactor switch will safely carry this
current long enough to trip a circuit breaker.

The indicating contactor switch has two taps
that provide a pick-up setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant

Indicating Contactor Switch (ICS)

0.2 ampere tap - 6.5 ohm d-c resistance
2.0 ampere tap - 0.15 ohm d-c resistance
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Burden
Current
@5 amps, 60 cycles
Tp & T ANGLE
SETTINGS VA OF LAG
MAX. 18.6 T7e
MIN. 3.8 51°
Potential
@ 120 volts, 60 cycles
Phase AB Phase BC
ANGLE ANGLE
554 =S¢ VA OF LAG VA OF LAG
1 18.0 20 2.6 120
2 14.4 31° 5.9 38°
3 13.9 39° 6.6 42°
D-C Circuit
RATING WATTS @ RATED
125 3.9
250 7.8

Thermal Ratings

Potential: 132 volts (L-L) continuous

8 amperes continuous
200 amperes for 1 second

SETTINGS CALCULATIONS

Distance Unit

Current:

Set the distance unitto operate before the steady-
state stability limit is exceeded. Also, to allow gnaxi-
mum output without an alarm, set the distance unit to
allow the machine to operate at maximumghydrogen
pressure and 0.95 per unit voltage (lowest voltage
for which the capability curve applies)., Wheré the
maximum capability ofthe machine cannot beyrealized
without exceeding the steady-stater stability limit,
set the distance unit to operate_before ,the steady-
state limit is exceeded. Capabilitygqcurves similar
to Fig. 7 are obtained from the generator manufacturer.

To determine the desired’setting convert the
capability curve of Figy 7 toshe/impedance curve of

V2,
Fig. 8 by calculating

where Vo is the per
(KVA)C
unit terminal voltage and (KVA)C is the per unit out-

put. If the capability curve is a circle the radius rl
and offset C1 of the inverse circle (VT = 1) can be

calculated ds follows:

R Co e
= 2 7 (2)
Cc”-Re

1 R
C
.2 g2 (3)
C
where ¢l = distance of capability - circle cen-
ter from origin of R-X diagram.
Rl = radius of capability circle on R-X
diagram.

C _ = distance of powerécirele center from
origin.
Rc = radius of power cirele

6 = offset angle
After plotting the steady-staté stability limit and
the machine capabilitygcurvesyon the R-X diagram,
plot the relay circle between the stability limit and
the capability curye. (Note in Fig. 8 that the relay
circle cannot be plotted within the 60# — Vo = 0.95
curve, since thé maehine is beyond the steady-state
stability limit for/fthese conditions.) This plot defines
the desired “teach ZAand radius R of the relay
circlesmThen\use’ the following procedure to select
tap ,settings.
1000 (kv)2 Rg

(kva) RV

Zhase = ohms

where

7 — one per unit primary ohms/as
bas€ = geen from the relay

kv = rated phase-to-phase voltage of
the machine.

kva =rated kva of the machine

R. = the current transformer ratio.

c
Rv = the potential transformer ratio.

The actual settings, Za and Z o are:

ZA = (Z p per unit) x (Zpase)
Zn =(Z per unit) x (Zpase) =
where R =radius of circle in per unit.

The tap-plate settings are made according
to equations:

7 (OF Zg) = —— (5)

where:

T = compensator tap value.

S = auto-transformer primary tap val-
ue.
M = auto-transformer secondary tap

value.

(M is a per-unit value determined by taking the
sum of the values between the L and the R
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the 7 setting).

tain an optimum setting of the relay:

1.L.[41-748G
leads. The sign is positive when L is above R Step 2: T nearest to 3.29 = 3.29 is 3.64
and acts to lower the Z setting. The sign is 1
negative when R is above L and acts to raise Set TC in 3.64 tap.
The following procedure should be followed to ob- TCSC 3.64 x 1

Step 3 Mg = —1= = —1=1.107 -1 =

1. Select the lowest tap S which give a product Zc 3.29
+.107

of 18.BSA greater than desired ZA and a pro-
duct of GSC greater than desired Zc-
2. Select a value of M that will most nearly make

it equal to:
TS

M= —1.
Z

If the sign is négative, then the M taps are connected
with the R lead above the L lead to raise the setting.

Sample Calculations

Assume that a KLF relay is to be applied to the
following machine:

3-phase, 60 cycles, 3600 rpm,

0 9 pf, 183,500 KVA at 45#H,.

R, = 1400/1

18 kv, rated at

R, = 150/1
If the recommended setting from Fig. 8 is used:
ZA per unit = 1.68
ZC per unit = 2R — Zp = 2x0.94 —1.68 =0.20
(The relay circle in Fig. 8 was obtained by/trial
and error using a compass to get the desired, radius

and offset.)
1000 (kv) %R,

(kva)R,,

1000 x (18) 2 Xyi400 _16.45
183,500 x 150 ohms

(1) Zbase =

(2) ZA = ZA(per unit) (Zbase) =(1.68) (16.45)= 27.6 ohms

3) ZC = Zc(per unit) (Z )=(0.20)(16.45) = 3.29 ohms

To set Z =27.6

base

Step 1: The lowest tap Sa for 18.6 SA greatet than
ZA = 27.6 is 2. Set SA in tap 2.

Step 2: Tp nearest to 27.8, = 13.8 is Tp = 15.8
2
Set TA in 15.8 tap
TaS4 15.8 x 2
Step 3: M, = 1l ———~—-1=
E— Z 27.6

1.145 -1 =%,.145

Set M =4+ .15. Place R lead in 0, L lead in upper
.06. The'relay setfing is now:
TASA  15.8x2 316
Actual ZA = = = =21.5
1+M 1+0.15 1.15

This is 9947% of the desired setting.
Tolset ZC = 3.29 obhms:

Step 1: The lowest tap Scfor 6SC greater than 3.29 is

Hence, the nearest Mc valye is + .12. Now set
R lead in 0.03 tap,andyl lead in the upper .06
tap.

(Since MC hasyplus,sign, lead L. must be over R.)

TeSe  364x1

Then, ZC= =
(1 +M ) 1+.12
9808% of the desired value.

UndervoitageyUnit

= 3.25 ohms, or

% A In application where multiple units are connected
te the same bus, loss of field of one unit may not
depress the bus voltage to the point where the
undervoltage unit will operate if it has the stan-
dard setting. The following recommendation should
be added to:

1. For cross compound turbine generator applica-
tion, the dropout voltage of the undervoltage
unit should be set 87 volts.

2. For waterwheel generator applications, with
multiple machine tied to a common bus, the
dropout voltage of the undervoltage unit should
be set at 87 volts.

3. For all applications where the alum function
is not to be used the undervoltage unit contact
should be jumped (shorted).

4. For industrial applications, with two or more
generators on the same bus, the undervoltage
unit contact should be jumped (shorted) and the
alarm circuit not used.

5. For Synchronous condenser and large motor
applications, the undervoltage unit contact
should, in general, be jumped (shorted), and
the alarm circuit not used. In special cases
the machine may be treated as in 2 above.

B. In cases where each generator is equiped with
its own transformer (unit connected system) the
standard factory setting of 80 volts dropout (cor-
responding to 92.5 volts line to line) is usually
satisfactory for the undervoltage unit. It should
operate at a level commensurate with the minimum
safe voltage for system stability.

C. The desired undervoltage unit setting is computed
by: Setting = VIT =1.5 VIN where VIN is phase
to neutral voltage.
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Note: An electrical check of this particular setting
is outlined in this instruction leaflet, under the head-
ing ‘‘Acceptance Check’’.

SETTING THE RELAY

The type KLF relay requires a setting for each
of the two compensators TA and TC, for each of the
two auto-transformers, primaries SAand SC' and for
the undervoltage unit.

Compensator (TA and Tc)

Each set of compensator taps terminates in in-
serts which are grouped on a socket and form approxi-
mately three quarters of a circle around a center
insert which is the common connection for all 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.

Compensator TC requires an additional setting
for including or excluding the origin of R-X diagzam
from the distance unit characteristic. If the)desired
characteristic is similar to that showngonyFig. 5b,
the links should be set vertically in the, + TC arrow
direction. If a characteristic similaréto, thatyshown in
Fig. 5c is desired, set links horizéntally¥in the - TC
arrow direction.

Auto-Transformer Primary (SA and Sc)

Primary tap comnectionsyjare made through a
single lead for each .transformer. The lead comes out
of the tap plate through afsmall hole located just
below the taps and is held in place on the proper tap
by a connector screw.

An S sefting is made by removing the connector
screw, placing the connector in position over the in-
sert of the desired setting, replacing and tightening
the conmector” screw. The connector should never
maké  electrical contact with more than one tap at a
tires

10

Auto-Transformer Secondary (MA and Mc)

Secondary tap connections are made through.two
leads identified as L and R for each transformers
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“ean“be made are
from —.15 to + .15 in steps off.03. The value of a
setting is the sum of the numbers that are crossed
when going from the R leadWposition to the L lead
position. The sign of thepM value is determined by
which lead is in the higher pesitfion on the tap plate.
The sign is positive(+) if“the L lead is higher and
negative (—) if the R _lead,is higher.

An M settingimay be made in the following man-
ner: Remove theleonnector screws so that the . and R
leads are_free:, Determine from the following table
the desired M®walue and tap positions. Neither lead
connector should make electrical contact with more
than ofte tap,at a time.

Tabulated Settings

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

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

Undervoltage Unit

The voltage unit is calibrated to close its con-
tact when the applied voltage is reduced to 80 volts.
The voltage unit can be set to close its contacts
from 70 volts to 90 volts by adjusting the resistor
located next to the directional unit (to the left of
the upper operating unit). The spiral spring is not
disturbed when making any setting other than the
calibrated setting of 80 volts.

Directional Setting

There is no setting to be made on directional
unit.
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KLF RELAY (FRONT VIEW.)
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Fig. 9 Diagfam of \TestiConnections for KLF Relay

Indicating Contractor Switch (ICS)

No setting is required on the IGSpunithexcept
the selection of the 0.2 or 2.0 ampere/tapwsetting.
This selection is made by conneeting' thé lead lo-
cated in front of the tap block to the desired setting
by means of the connecting serewazWhen the relay
energizes a 125 volt or 250,(volt "dic. type WL relay
switch, or equivalent, use» they0.2 ampere tap. For
48 volt d.c. applications_setlICS'in 2 ampere tap and
use S#304C209GO01 type WLgelay coil or equivalent.

INSTALLATION

The relays“should be mounted on switchboard
panels orftheirfequivalent in a location free from dirt,
moisture, JexCessive vibration, and heat. Mount the
relay vertically4by means of the four mounting holes
on the flange for semi-flush mounting or by means of
the rear mounting stud or studs for projection mount-
ing. Either a mounting stud or the mounting screws
mayybe utilized for grounding the relay. The elec-
trical connections may be made directly to the termi-
nals by means of screws for steel panel mounting or
the terminal studs furnished with the relay for thick
panel mounting. The terminal studs may be easily

removed or inserted by locking two nuts on the stud
and then turning the proper nut with a wrench.

For detailed FT Case information refer to I.L.
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-:
tion of this relay have been made at the factory. Upon
receipt of the relay, no customer adjustments, other
than those covered under ‘‘SETTINGS,’’ should be
required.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order:

A. Distance Unit (Z)

1. Connect the relay as shown in Fig. 9 with
the switch in position 2 and the trip circuit

deenergized.

2. Make the following tap settings:
TA = 11.5 TC = 2.55
SA = 2 S C = 1
MA= -.03 Mg =-.09
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TC link in middle block should be set for +Tc
direction.

This setting corresponds to ZA =23.7 ZC =2.80

Adjust the phase shifter for 90° current lagging
the voltage.

3. With the terminal voltage at 80 volts, increase
current until contacts just close. This current
should be within + 3% of 2.25 amp (2.32-2.18
amp.). This value corresponds to 1.SZA set-
ting since the voltage as applied to terminals
4 and 5 is equivalent to 1.5V1N voltage, or

VIN 80 1

el ¢

AT 15 " 225

= 23.7 ohms.

4. Adjust phase shifter for 90° current leading
the voltage.

5. With the terminal veltage at 80 volts increase
current until contacts just close. This current
should be within + 3% of 19.0 amps. (19.6—
18.4 amps.) This value corresponds to I.SZC
setting for the same reason as explained above.

Contact Gap The gap between the stationary contact
and moving contact with the relay in deenergized
position should be approximately .040"’.

B. Directional Unit Circuit (D)

1. Connect the relay as shown in Fig. 9, with
the switch in position 1 and the trip cireuit
deenergized.

2. Witha terminal voltage of 1volt and S¢@mperes
applied, turn the phase shifter to 132 (current
leads voltage). The contacts shouldbe“elosed.
This is the maximum torque position.

3. Raise the voltage to 120 volts and vary the
phase shifter to obtain thestwoWafigles where
the moving contact justimakes with the left
hand contact. Thesetwo “angles (where tor-
que reverses) should e ¢where the current
leads the voltage, by .,283° and 103°, + 4e.

4. Contact Gapf The,gapibetween the stationary
contact andymoving contact with the relay in
deenergized position should be approximately
.020",

C. Undervoltage Circuit

1. Connect the relay as shown in figure 9, with
switch\hin position 2 and the trip circuit de-
energized.

2. ‘Decrease the voltage until the contacts close
tothe left. This value should be 80+ 3% volts.
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D. Reactor Check

Apply 120 volts AC across terminal 6 and 7.
Measure voltage from terminal 6 to 4 and 7 to, 4.
These voltages should be equal to each other within
+ 1 volt.

Routine Maintenance

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

Repair Calibration

A. Auto-transformer Check

Auto-transformersimay be checked for turns ratio
and polarity¢by applying a.c. voltage to terminals 4
and 5 and following the procedure below.

1) Set SAand SC on tap number 3. Set the ‘R’
leads“of M , and MC all on 0.0 and disconnect
the %'’ Teads. Adjust the voltage for 90 volts.
Measure voltage from terminal 5 to the tap #1 of
SA. It should be 30 volts (+1). From terminal 5
tontap #2 of SA should be 60 volts. The same
procedure should be followed for taps #1 and
#2 of 5¢c-

2) Set Sa and Sc on 1 and adjust the voltage at
the relay terminals for 100 volts. Measure volt-
age drop from terminals 5 to each of the MA and
MC taps. This voltage should be equal to 100
(+ 1) plus the sum of values between R and tap
being measured. Example 100 (1 + .03 + .06) =
109 volts.

Transformers that have an output different from
nominal by more than 1.0 volt probably have
been damaged and should be replaced.

B. Distance Unit (Middle Unit) Calibration

Make following tap plate settings.
Ty = 15.8; Te = 5.1

SA = SC =1
Make MA = MC = -.15 settings:

““L”’ lead should be connected to the “‘O’’ insert

‘““R’’ lead should be connected to the upper ‘“.06"’
insert. (-.03-.06.06=-.15 between L. & R).

For the most accurate calibration preheat relay
for at least an hour by energizing terminals 5, 6
&7 with 120 volts, 3 phase.
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The links in the middle tap block should be set
for the +T, direction.

1) Contact Gap Adjustment
The spring type pressure clamp holding the
stationary contact in position should not be loosened
to make the necessary gap adjustments.

With moving contact in the opened position, i.e.
against right stop on bridge, screw in stationary
contact until both contacts just make (use neon
light for indication). Then screw the stationary
contact away from the moving contact 1-1/3 turn
for a contact gap of .040".

2.) Sensitivity Adjustment

Using the connections of Fig. 9, apply 10
volts a.c. 90° leading, to terminals 4 and 5
pass .420 amperes through current circuit
(terminals 9 and 8). The spiral spring is to
be adjusted such that the contacts will just
close. Deenergize the relay. The moving
contact should return to open position
against the right hand stop.

C) Impedance Characteristic Check

1) Maximum Torque Angle
Adjust resistor Rg(mounted on the bdck of the
relay) to measure 8800 ohms. Applying 100%volfs a.c.
to terminals 5 and 4 and passing 5.2 amperes, through
the current circuit turn the phase shifter “umtil the
moving contact opens. Turn the phase shifter back
(few degrees) until contacts close. "Note' degrees.
Continue to turn the phase shifter gintil eontact opens,
then swing phase shifter backsuntil contact closes
again. Note degrees. The @maximum torque angle
should be (# 3°) computedpas fablows:
Degrees to Close Contagts,at Left +
Degrees to Close[Contacts at Right
2

— 90()

Adjust resistor R’B until’ the correct maximum-torque
angle is obtained.
2) Impedance Check

a. Adjust voltagé to be 90 volts.
For current lagging 90° the impedance unit should
close its contacts at 3.12 — 3.35 amp.

Reverse current leads, the impedance unit should
close its contacts at 9.7 — 10.3 amperes.

b.3Reverse the links in the middle tap block to —Tc
position. Apply current of 10 amps. The contacts
should stay open. Reverse current leads to original
position. The contacts should open when current

is increased above 9.7 — 10.3 amperes\

Set links back to +T, position. Change Sa and
SC to setting ‘“2’’. Keeping voltage at/90 volts,
90° leading check pick-up current. It should be
1.56 — 1.68 amperes. Now set the phase shifter
so that voltage lags the current by“90°. Impedance
unit should trip now at 4¢85 — 5.15 amperes.

C. Set Ty = 115, To'% 2.55, Sy =2, S¢ = 1, My =
-.03 M-C = -.09. Set veoltage at 90 volts leading
the current by 90°. Impedance unit should trip at
2.61—2.45 amp. ‘Reverse current leads. Pickup
should be 20.8—22, I"amp.

Change SA, Sc =/3. Check pickup. It should be
6.95—7.35 amp. Reverse current leads. Pick-up
should be,now 1.74—1.63 amp.

D) Diréctional unit (Top Unit)

1) €ontact Gap Adjustment

They, spring type pressure clamp holding the
stationary contact in position should not be loosened
toimake the necessary gap adjustments.

With moving contact in the opened position, i.e.
against right stop on bridge, screw in stationary
contact until both contacts just make. Then
screw the stationary contact away from the mov-
ing contact 3/4 of one turn for a contact gap of
.022",

2) Sensitivity Adjustment

With reactor X having its core screwed out by
about 1/8 inch apply 1.00 volt to terminals 6 and 7.
Observing polarities as per schematic, and 5 amperes
current leading the voltage by 13°, the spiral spring
is to be adjusted such that the contacts will just
close. The adjustment of the spring is accomplished
by rotating the spring adjuster which is located on
the underside of the bridge. The spring adjuster has
a notched periphery so that a tool may be used to
rotate it. The spring type clamp holding the spring
adjuster should not be loosened prior to rotating the
the spring adjuster.

3) Plug Adjustment for Reversing of Spurious Torques

a. Set T = 0.0. Connect a heavy current lead from
T A center link to terminal 8.

b. Short circuit terminals 6 and 7.

c. Screw in both plugs as far as possible prior to
starting the adjustment.

d. Apply 80 amps only momentarily, and the direc-
tional unit need not be cooled during initial rough

13
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adjustment. But, the directional unit should be
cool when final adjustment is made.

e. When relay contact closes move the left screw

out the right hand plug until spurious torque is
reversed.

f. When plug adjustment is completed check to see
that there is no closing torque when relay is
energized with 40 amps and voltage terminals
6 and 7 short-circuited.

4) Maximum Torque Angle Check

With 120 volts and 5 amperes applied, vary the
phase shifter to obtain the two angles where
the moving contacts just close. These two angles
(where torque reverses) should be where the
current leads the voltage by 283° + 4° and 103°
+ 1. Readjust the reactor X qif necessary.

E) Undervoltage Unit (Lower Unit)

Note: The moving contact is in closed position
to the left when deengerized.

1) Contact Gap Adjustments
a) L.H. (Normally Closed) Contact Adjustment

With the moving contact arm in the closed posi-
tion, against left hand side of bridge, screw the
left-hand contact in to just touch the moving con-=
tact (use neon light for indication) and then cons
tinue for one more complete turn.

b) R.H. (Normally Op2n) Contact Adjustment

With moving contact arm against the left" hand
stationary contact screw the right hand stationary
contact until it just touches the moying,contact.
Then back the right hand contact @ut twosthirds
of one turn to give 0.020 inch confact gap.

2) Sensitivity Adjustment
a) Apply voltage to terminals 4 & 5. With the
adjustable resistor, whichisulocated at the upper
left hand corner, set for maxinum resistance (2500
ohms) adjust the springyso“that contacts make (to
the left) at 70 volts.,Theycontacts should open
when unit is enérgizéd with 71 or more volts.

b) Relay is shipped*with 80 volts setting. This is
accomplished by lowering resistance value until
contacts make at 80 volts and open when unit is
energizedgwith 810r more volts. The spring should
not be used, for this setting.

F) IndicatingiContactor Switch (ICS)

Closeythe main relay contacts and pass sufficient
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d-c current through the trip circuit to close the con*
tacts of the ICS. This value of current shiould not®be
greater than the particular ICS tap settings being
used. The indcator target should drop freely.

G) Telephone Relay

Energize the telephone relay withg20 volts d-c.
The telephone relay should operate (positively. With
an air gap of .003" — .004" the contactsgshould not
close for approximately 15 cyclespafter the relay is
de-energized.

H) Compensator Check

Accuracy of the gmutualwimpedance T of the
compensators is set aithin“wery close tolerances at
factory and should,not®%change under normal condi-
tions. The mutual/impedance of the compensators can
be checked with accurate instruments by the procedure
outlined belows

1. Set TA omthe\15.8 tap
TC ondthe 5.1 tap

2. Disconnect the L-leads of sections MA and MC

3{ Pass_10 amperes a.c. current in terminal 9 and
out of terminal 8.

4. Measure the compensator voltage with an accurate
high resistance voltmeter (5000 ohms/ volt).

5. Compensator A-voltage should be checked be--
tween lead LA and terminal 5.

For TA = 15.8 the voltage measured should be 237
volts + 3%.

6. Compensator C voltage should be checked between
lead Lo and the fixed terminal on the resistor
which is mounted in the rear.

For TC = 5.1, the voltage should be 76.5 volts (+
3%).

7. For all other taps the compensator voltage is
1.5IT (+ 3%)

where I - relay current
T - tap setting.

RENEWAL PARTS

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

Westinghouse  I.L. 41-748F
OPERATION ¢ MAINTENANCE

INSTRUCTIOND

TYPE KLF LOSS-OF-FIELD RELAY

CAUTION Before putting protective relays into ser-
vice, remove all blocking which may have been in-
serted for the purpose of securing the parts during
shipment, 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 KLFrelay is a single-phase relay connected
to the a-c side of a synchronous machine and contains
three units connected so that the operation of two
units sounds an alarm warning the operator of a low
excitation condition, and the additional operation of
the third unit sets up the trip circuit. The relay can
be applied without modification to all types of syn-
chronous machines.

CONSTRUCTION

The relay consists of two air-gap transfermers
(compensators), two tapped auto-transformers, one
reactor, one cylinder-type distance unif, direetional
unit with adjustable reactor, an underveltage unit
with adjustable resistor, telephone relay,.and an ICS
indicating contactor switch.

Compensator

The compensators which are“designated Ta and
and T are two-winding air gap transformers (Fig. 2).
The primary or curremtgpwinding of the long-reach
compensator T A has|{seven taps which terminate at
the tap block. Theypareamarked 2.4, 3.16, 4.35, 5.93,
8.3, 11.5, 15.8. The“primary winding of the short-
reach compensator TC also has seven taps which
terminate at this tap block. They are marked 0.0,
0.91, 1.27, 1.82, 2955, 3.64, 5.1. A voltage is induced
in the secondary which is proportional to the pri-
mary tap and<4eurrent magnitude. This proportionality
is established by the cross se¢ctional 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 in-

SUPERSEDES I.L. 41-748E

*Denotes change from superseded issue.

fluence the secondary g4voltage¥proportionality have
been precisely set at the/factory. The clamps which
hold the laminations “shouldmot be disturbed by either
tightening or loosening the clamp screws.

The secondarydwinding is connected in series
with the relay terminal voltage, Thus a voltage which
is proportionalito the line current is added vectorially
to théyrelay fterminal voltage.

Auto-Transformer

The¥auto-transformer has three taps on its main
winding; S, which are numbered 1, 2, and 3 on the tap
bloeky A tertiary winding M has four taps which may
be connected additively or subtractively to inversely
modify the S setting by any value from —15 to +15
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, .06, and .086.

The auto-transformer makes it possible to expand
the basic ranges of the long and the short reach com-

pensators by a multiplier of . Any relay ohm

1+M

setting can be made within + 1.5 percent from 2.08
ohms to 56 ohms for the long reach and from .79 ohms
to 18 ohms for the short reach.

Impedance Tripping Unit

The distance unit is a four pole induction cyl-
inder type unit. The operating torque of the unit is
proportional to the product of the voltage quantities
applied to the unit and the sine of the phase angle
between the applied voltages. The direction of the
torque so produced depends on the fault location
with respect to the balance point setting.

EFFECTIVE APRIL 1968
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Fig. 2 Compensator Construction

Mechanically, the cylinder unit is cemposed of
four basic components: A die-cast aluminum frame,
an electromagnet, a moving element assembly, and a
molded bridge. The frame serves(as &) mounting
structure for the magnetic core. {Lhedmagnetic core
which houses the lower pin bearing isysecured to the
frame by a locking nut., Thejbearing can be replaced,
if necessary, without having topyremove the magnetic
core from the frame.

The electromagnet has two sets of two series
connected coilsgmounted diametrically opposite one
another to excite eaeh sét of poles. Locating pins on
the electromagnetsare used to accurately position the
lower pin beariftg, which is mounted on the frame,
with respect to, the upper pin bearing, which is
threaded into the“bridge. The electromagnet is se-
cured to the frame by four mounting screws.

The moving element assembly -consists of a
spiralwspring, contact carrying member, and an alu-
minum, cylinder assembled to a molded hub which
holds the shaft. The hub to which the moving-contact
arm is clamped has a wedge-and-cam construction,

Fig. 3 Internal Schematic of Type KLF Relay in FT 41 Case

to provide low-bounce contact action. A casual in-
spection of the assembly might lead one to think that
the contact arm bracket does not clamp on the hub as
tightly as it should., However, this adjustment is ac-
curately made at the factory and is locked in place
with a lock nut and should not be changed. Optimum
contact action is obtained when a force of 4 to 10
grams pressure applied to the face of the moving
contact will make the arm slip one-fourth of its total
free travel. Free travel is the angle through which
the hub will slip from the condition of reset to the
point where the clamp projection begins to ride up on
the wedge. The free travel can vary between 15° to
20°,

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

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
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Fig. 4 External Schematic of Type KLF Relay

the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. This sta
tionary contact has .002 to .006 inch follow which is
set at the factory by means of the adjusting serew.
After the adjustment is made the screw_ is“sealed in
position with a material which flows ‘around the
threads and then solidifies. Theystatienary contact
housing is held in position by a spring type clamp.
The spring adjuster is located /n" the“underside of
the bridge and is attached to the moving contact arm
by a spiral spring. The sprimggadjuster is also held
in place by a spring type clamp.

When contacts s€lose;jthe electrical connection
is made through the stationarycontact housing clamp,
to the moving contaet, theough the spiral spring and
out to the spring adjuster clamp.

Directional Unit

The directional unit is an induction cylinder
unit operating on the interaction between the polariz-
ing circuityflix’and the operating circuit flux.

Mechanically, the directional unit is composed
of the"same basic components as the distance unit: A

die-cast aluminum frame, an electromagnet, a moving
element assembly, and a molded bridge.

The electromagnet has two series-connected
polarizing coils mounted diametrically opposite one
another; two series-connected operating coils mounted
diametrically opposite one another; two magnetic ad-
justing plugs; upper and lower adjusting plug clips,
and two locating pins. The locating pins are used to
accurately position the lower pin bearing, which is
threaded into the bridge. The electromagnet is se-
cured to the frame by four mounting screws.

The moving element assembly consists of a
spiral spring, contact carrying member, and an alu-
minum 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 with
the cylinder rotating in an air gap formed by the
electromagnet and the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding




TYPE KLF RELAY

l.L. 41-748F

+X + X +X
+Zc —Zc
-R +R  -R >< +R —R /R
/ o
Z
L %a k A <> jZA
-X -X -X

(@) WITH 2¢ = © (b} WITH Zg > O {c) WITH Zg < O

1854182

Fig. 5 R-X Diagram Characteristics with Various zZ. -
Compensator Settings

the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by spiral spring. The spring adjuster is
also held in place by a spring type clamp.

Undervoltage Unit

The voltage unit is an induction-cylinderunit.

Mechanically, the voltage unit is composed, like
the directional unit, of four componentsf Al diecase
aluminum frame, an electromagnet, a moving element
assembly, and a molded bridge.

The electromagnet has two pairsyof voltage coils.
Each pair of diametrically opposed coils’is connected
in series. In addition one pair is in series with an
adjustable resistor. Thesemsetshare in parallel as
shown in Fig. 3. The adjustable resistor serves not
only to shift the phase_angléyef'the one flux with re-
spect to the other t©o produce torque, but it also
provides a pick-uptadjustment.

Otherwis@ thefandervoltage unit is similar in its
construction to,the diréctional unit.

Telephone Relay

The telephone relay (X) has a slow drop-out
characteristic./When energized, the solenoid core
attractsyan iron right-angle armature bracket which in
turnopens, the break contacts. In actual service, the
relay ‘is normally energized holding the break con-
tacts open. (Note: the make contacts are not used.)
Drop-out delay adjustment is obtained by varying
the air-gap between the armature and the core.
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Fig. 6 Effect of Compensator Voltages ( Z_is positive)

Indicating Contactor Switch Unit (ICS)

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

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

OPERATION

The relay is connected and applied to the system
as shown in Fig. 4. The directional unit closes its
contacts for lagging var flow into the machine. Its
zero torque line has been set at —13° from the R-axis.
Its primary function is to prevent operation of the
relay during external faults. The impedance unit
closes its contacts when, as a result of reduction in
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excitation, the impedance of the machine as viewed
from its terminals is less than a predetermined value.
The operation of both the impedance and directional
units sounds an alarm, and the additional operation
of the undervoltage unit trips the machine. As shown
in Fig. 4, the contacts of all three units are conx
nected in series across a telephone type relay desig-
nated X, which provides approximately 15 cycles
time delay on dropout before energizing the trip coil¥
This time delay is to insure positive contactcoor;
dination under all possible operating conditiens.
During normal conditions, all contacts™are open.

Principle of Distance Unit Operation

The distance unit is an induetiomycylinder unit
having directional characteristics. Opération depends
on the phase relationship between _magnetic fluxes
in the poles of the electromagnet.

One set of oppositeypolesy designated as the
operating poles arenergizediby voltage VIT modified
by a voltage derived from the) long reach compensator
TA. The other set of ‘peles{(polarizing) are energized
by the same voltage VIT except modified by a voltage
derived from the short reach compensator TC. The
flux in the polarizifig pole is so adjusted that the
unit closes its contacts whenever flux in the operat-
ing set of poeles leads the flux in the polarizing set.

The voltage VlT is equal to
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TYPICAL MACHINE CAPABILITY CURVES AND
SAMPLE KLF RELAY SETTING,PLOTTED ON
A PER UNIT IMPEDANGCE BASIS

1854184

Fig. 8 Typical Machine Capacity Curves and Sample KLF
Settings — Per Unit Impedance

As shown in Fig. 4, one-half of V23 voltage is
physically derived in the relay at midtap of a reactor
connected across voltage Vog.

Reach of the distance unit is determined by
compensators TA and TC as modified by auto-trans-
former settings. Compensators Ta and To are de-
signed so that its mutual impedance Zp or ZC has
known and adjustable values as described below
under CHARACTERISTICS and SETTINGS. The
mutual impedance of a compensator is defined here
as the ratio of secondary induced voltage to primary
current and is equal to T. Each secondary compensa-
tor voltage is in series with the voltage VyT. Com-
pensator voltages are equal to 1.5Iy Zp forlong
reach compensator and 1.511 ZC for short reach
compensator, where I, is the relay current.

Fig. 5 shows how the compensation voltages
1.5112A and 1.511 Zo influence the R-X circle. Note
that Z 4 independently determines the ‘‘long reach”’,
while Z~ independently fixes the ‘“short reach’’.
With the reversing links in the normal position (+ZC)



TYPE KLF RELAY

I.L. 41°748F

the circle includes the origin; with the opposite link
position (—ZC) the circle misses the origin. The fol-
lowing paragraphs explain this compensator action.

Referring to Fig. 4 note that Ry and Cy cause
the polarizing voltage to be shifted 90° in the leading
direction. Thus, when the current is zero, polarizing
voltage VpoL leads the operating voltage Vop by
90°, as shown in Fig. 6(a). This relation produces
restraining torque. To illustrate how Z, fixes the
long reach, assume a relay current which leads VIN
by 90° and of sufficient magnitude to operate the
relay. This means the apparent impedance is along
the —X axis. Note in Fig. 6(b) that the Z, compen-
sation reverses the operating voltage phase position.
The relay balances when this voltage is zero. Note
that this balance is unaffected by the Zs compensa-
tion, since this compensation merely increases the
size of VPOL.

For lagging current conditions note in Fig. 6(c)
how VPOL is reversed by the ZC compensation. In
this case the Zp compensation has no effect on the
balance point. This explains why the short reach
point is fixed independently by ZC.

Fig. 6 assumes that ZC is positive (cirelein-
cludes origin). If the current coil link is geversed,
the compensation becomes +1.51, Z. In Figy 6(b)
this change would result in, VpoL being “reduced
rather increased by the compensation. As"the, current
increases VPOL will finally be reversed, réestablish-
ing restraining torque. Thus, the curfentaneed not
reverse in order to obtain a ‘‘short-reach’’ balance
point. Instead the apparent impedan¢e€ need only
move towards the origin in theq—X region to find the
balance point. Therefore, thefcircle does not include
the origin with a reversed link position.

CHARACTERISTICS

The type KILF Telay is available in one range.

Distance Unit

The distance unit can be set to have charac-
teristic circlesWhat pass through origin, include it,
or exclude it, as shown in Fig. 5.

The Z, ‘and Z values are determined by com-
pensater settings and modified by autotransformer
settings) S, L, and R. The impedance settings in
ohms reach can be made for any value from 2.08 to
96 ohms for Zp, and from 0.79 ohm to 18 ohms for Zeo
in steps of 3 percent.

The taps are marked as follows:

Ta

2.4, 3.16, 4.35, 5.93, 8.3, 11.5, 15.8

Tc

0.0, 0.91, 1.27, 1.82, 2:5%) 3.64, 5.1

(Sp. S¢)

1, 2,3

My, Mc)

+ values between taps .03, .06, .06

Directional Unit

The KIL.F relay is designed for potential polari-
zationy,with an internal phase shifter, so that maximum
torque occurs when the operating current leads the
palarizing voltage by approkimately 13 degrees. The
minimum pickup has been set by the spring tension to
be approximately 1 volt and 5 amperes at maximum
torque angle.

Undervoltage Unit

The undervoltage unit is designed to close its
contacts when the voltage is lower than the set value.
The undervoltage unit is energized with V;p-voltage.
This voltage is equal to 1.5V,y voltage. The con-
tacts can be adjusted to close over the range of 65
to 85 percent of normal system voltage. The dropout
ratio of the unit is 98 percent or higher.

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d.c. and the seal-in contacts of the
indicating contactor switch will safely carry this
current long enough to trip a circuit breaker.

The indicating contactor switch has two taps
that provide a pick-up setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant

Indicating Contactor Switch (ICS)

0.2 ampere tap - 6.5 ohm d-c resistance
2.0 ampere tap - 0.15 ohm d-c resistance
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Burden
Current
@5 amps, 60 cycles
Tp & Tc ANGLE
SETTINGS VA OF LAG
MAX. 18.6 T
MIN. 3.8 51°
Potential
@ 120 volts, 60 cycles
Phase AB Phase BC
ANGLE ANGLE
Sp =S¢ VA OF LAG VA OF LAG
1 18.0 20 2.6 12°
2 14.4 31° 5.9 38°
3 13.9 39¢° 6.6 42°
D-C Circuit
RATING WATTS @ RATED
125 3.9
250 7.8

Thermal Ratings

Potential: 132 volts (L-L) continuous

8 amperes continuous
200 amperes for 1 second

SETTINGS CALCULATIONS

Distance Unit

Current:

Set the distance unitto operate before the steady-
state stability limit is exceeded. Also, tojallowsmaxi-
mum output without an alarm, set the distance, unit to
allow the machine to operate at“m&ximum hydrogen
pressure and 0.95 per unit voltage (lowest voltage
for which the capability curvef applies). Where the
maximum capability ofthe machine,cannot be realized
without exceeding the steddy-state stability limit,
set the distance unit 4o, opefrate/ before the steady-
state limit is exceéded. “@apability curves similar
to Fig. 7 are obtainéd frem the ‘generator manufacturer.

To determine theWdesired setting convert the
capability curve of Fig. 7 to the impedance curve of
VT2,

Fig. 8 by galculating where Vo is the per

(KVA)C

unit teeminal®voltage and (KVA)C is the per unit out-
put{ If,the capability curve is a circle the radius Rl

and offset Cl of the inverse circle (VT = 1) can be
calculated as follows:

1 CC o
C = S 2. gr2 [0 (2)
Cc”-Rc
1 R
R =72 g2 (3)
C C

where ¢l = distance of Capability - circle cen-
ter from'Origin of R-X diagram.

Rl = radius of capability circle on R-X
diagram.

CC £ distance of power-circle center from
origin.

Ry = radius of power circle

W= offset angle

After‘plotting the steady-state stability limit and
the machine capability curves on the R-X diagram,
plot<the relay circle between the stability limit and
the capability curve. (Note in Fig. 8 that the relay
circle cannot be plotted within the 60# — Vo = 0.95
curve, since the machine is beyond the steady-state
stability limit for these conditions.) This plot defines
the desired reach 2 , and radius R of the relay
circle. Then use the following procedure to select
tap settings.

1000 (kv)2 R
(kva) Rv

Zpase = ohms

where

VA = one per unit primary ohms/as
base seen from the relay
kv = rated phase-to-phase voltage of

the machine.
kva =rated kva of the machine

Re

the current transformer ratio.

Rv = the potential transformer ratio.

The actual settings, ZA and ZC, are:
ZA = (ZA per unit) x (Zbase)

ZC = (Zc per unit) x (Zbase) =
(2R—ZA) X (Zbase)
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where R =radius of circle in per unit.

The tap-plate settings are made according
to equations:

TS
Zp (Of Zn) = —— (5)
1+M

where:

compensator tap value.

S = auto-transformer primary tap val-
ue.
M = auto-transformer secondary tap

value.

(M is a per-unit value determined by taking 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).

The following procedure should be followed to ob-
tain an optimum setting of the relay:

1. Select the lowest tap S which give a product
of 18.68A greater than desired ZA and a pfo-
duct of GSC greater than desired ZC.

2. Select a value of M that will most néarly /make

it equal to:
TS

M= — -
Ve

If the sign is negative, then the )\l taps afe connected
with the R lead above the L lead tg'raiseathe setting.

Sample Calculations

Assume that a KLF relay is tapbe applied to the
following machine:

3-phase, 60 cycles;w3600,0pm, 18 kv, rated at
0 9 pf, 183,500 KVA at 45#H.2.

Re = 1400/1 R, = 150/1

If the recommended’ setting from Fig. 8 is used:
ZA per anit =p1.68
Zc pefr unitf'= 2R — Zp=2x 0.94 — 1.68 =0.20

(The relay circle in Fig. 8 was obtained by trial
and error using a compass to get the desired radius
and offsét.)

R
1000 (kv) (4

), Zpase = (KVD)R =
v

183,500 x 150

(2) ZA = ZA(per unit) (Z ) =(1.68) (16.45) = 27.6 ohms

base
(3) ZC = Zc(per unit)(Zbase) =(0.20){16.45) = 3.29 ohms

1000 x (18) % x 1400 1 45
“ohms

To set Zp=27.6

Step 1: The lowest tap SA for 18.6 SA greatet than
ZA = 27.6 is 2. Set SA in tapt2.

Step 2. Tp nearest to 27.6 = 13.8 is Ty = 15.8
2

Set Ty in 15.8 tap

TaSp 1580 2
Step 3: MA= —1 = —-1=
— 7z 27.6

1.145 —1 = +¢145

Set M = + .15. Place,R lead in 0, L lead in upper
.06. The relay Setting)is now:

TASA  158x2  31.6
Actual Zp'=S = =

h+t M 1+0.15 1.15
This is.99.7%%f the desired setting.

To'set ZC =3.29 obhms:

=27.5

Step, 15 The lowest tap S cfor 65 greater than 3.29 is
S~ = 1.
C

Set S =1

Step 2: TC nearest to 3.29 = 3.29 is 3.64
1

Set TC in 3.64 tap.

Tc 8¢ 3.64 x 1
Step 3 M = —1=
Z 3.29

-1 =1.107 -1 =

+.107

Hence, the nearest Mcvalue is + .12. Now set
R lead in 0.03 tap and L lead in the upper .06
tap.

(Since MC has plus sign, lead L, must be over R.)

3.64x1

1+.12
98.8% of the desired value.

= 3.25 ohms, or

Undervoltage Unit

The undervoltage unit is usually set to a value
corresponding to the minimum safe system voltage
for stability. This voltage depends upon system
constants and is usually between 70 and 80 percent.
A higher value could be used if it is desired to trip
the machine sooner upon loss of field. The under-
voltage unit is set at the factory for 77 percent of
system voltage, or 80 volts. The desired voltage set-
ting is computed by taking the desired percentage
of voltage Vit = 1.5V N
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Note: An electrical check of this particular setting
is outlined in this instruction leaflet, under the head-
ing ‘“‘Acceptance Check’’.

SETTING THE RELAY

The type KLF relay requires a setting for each
of the two compensators TA and TC, for each of the
two auto-transformers, primaries SA and S and for
the undervoltage unit.

Compensator (T, and T¢)

Each set of compensator taps terminates in in-
serts which are grouped on a socket and form approxi-
mately three quarters of a circle around a center
insert which is the common connection for all 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 cons
nector screws carry operating current, be sure that
the screws are turned to bind snugly.

Compensator TC requires an additional setting
for including or excluding the origin of R-X'diagram
from the distance unit characteristic. 4f the,desired
characteristic is similar to that showngonyFig. 5b,
the links should be set vertically in the, + TC arrow
direction. If a characteristic similar/te thatyshown in
Fig. 5c is desired, set links horizontallyyin the - Te
arrow direction.

Auto-Transformer Primary (SA and Sc)

Primary tap comnectionsy, are made through a
single lead for each transformer. The lead comes out
of the tap plate through afsmall hole located just
below the taps and is held'in place on the proper tap
by a connector screw.

An S sefting is made by removing the connector
screw, pla@ing‘the connector in position over the in-
sert of the ‘desired setting, replacing and tightening
the conmector’ screw. The connector should never
makeé electrical contact with more than one tap at a
time.
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Auto-Transformer Secondary (MA and MC)

Secondary tap connections are made through two
leads identified as L. and R for each transformers
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 settingiecan4be made are
from —.15 to + .15 in steps ofgl03. The value of a
setting is the sum of the numbers that are crossed
when going from the R leadWyposition to the L lead
position. The sign of the,M value is determined by
which lead is in the higher pesition on the tap plate.
The sign is positive (+) 1fdthe L lead is higher and
negative (=) if the R lead is higher.

An M setting may b€ made in the following man-
ner: Remove theyconnector screws so that the L, and R
leads are freey Determine from the following table
the desired Mwyalue and tap positions. Neither lead
connector should make electrical contact with more
than one tap at a time.

Tabulated Settings

Z M L Lead R Lead
0.879TS +.15 Upper .06 0
0.89 TS +.12 Upper .06 .03
0.92 TS +.09 Lower .06 0
0.94 TS +‘.06 Upper .06 Lower .06
0.97 TS +.03 .03 0

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

Undervoltage Unit

The voltage unit is calibrated to close its con-
tact when the applied voltage is reduced to 80 volts.
The voltage unit can be set to close its contacts
from 70 volts to 90 volts by adjusting the resistor
located next to the directional unit (to the left of
the upper operating unit). The spiral spring is not
disturbed when making any setting other than the
calibrated setting of 80 volts.

Directional Setting

There is no setting to be made on directional
unit.

ﬁﬁ%a
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KLF RELAY (FRONT VIEW)

t POSITION |- FOR D UNIT TEST

tt POSITION 2-FOR Z AND V UNIT TESTS
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Fig. 9 Diagfam of \T estiConnections for KLF Relay

Indicating Contractor Switch (ICS)

No setting is required on the IGSpunityexcept
the selection of the 0.2 or 2.0 ampere/tapysetting.
This selection is made by conneeting| the lead lo-
cated in front of the tap block to the desired setting
by means of the connecting serews,When the relay
energizes a 125 volt or 250 (volt “dic. type WL relay
switch, or equivalent, use the,0.2 ampere tap. For
48 volt d.c. applications_SethICS"in 2 ampere tap and
use S#304C209G01 type WL4elay coil or equivalent.

INSTALLATION

The relaysshould be mounted on switchboard
panels ordtheirfequivalent in a location free from dirt,
moisture, jexCessive vibration, and heat. Mount the
relay vertically/by means of the four mounting holes
on the flange for semi-flush mounting or by means of
the rear mounting stud or studs for projection mount-
ing. Either a mounting stud or the mounting screws
mayy be utilized for grounding the relay. The elec-
trical \connections may be made directly to the termi-
nals by means of screws for steel panel mounting or
the terminal studs furnished with the relay for thick
panel mounting. The terminal studs may be easily

removed or inserted by locking two nuts on the stud
and then turning the proper nut with a wrench.

For detailed FT Case information refer to I.L.
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory. Upon
receipt of the relay, no customer adjustments, other
than those covered under ‘‘SETTINGS,’’ should be
required.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order:

A. Distance Unit (Z2)

1. Connect the relay as shown in Fig. 9 with
the switch in position 2 and the trip circuit

deenergized.

2. Make the following tap settings:
TA = 11.5 TC = 2.55
SA = 2 S c= 1
MA= -.03 Mg =-.09
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TC link in middle block should be set for +T,
direction.

This setting corresponds to ZA =23.7 ZC= 2.80

Adjust the phase shifter for 90° current lagging
the voltage.

3. With the terminal voltage at80 volts, increase
current until contacts just close. This current
should be within + 3% of 2.25 amp (2.32-2.18
amp.). This value corresponds to I.SZA set-
ting since the voltage as applied to terminals
4 and 5 is equivalent to 1.5VlN voltage, or

Vin 80 1

_— = — ¥

I 1.5 © 2.25

4. Adjust phase shifter for 90° current leading
the voltage.

ZA_

= 23.7 ohms.

5. With the terminal veltage at 80 volts increase
current until contacts just close. This current
should be within + 3% of 19.0 amps. (19.6—
18.4 amps.) This value corresponds to 1.SZC
setting for the same reason as explained above.

Contact Gap The gap between the stationary contact
and moving contact with the relay in deenergized
position should be approximately .040’’.

B. Directional Unit Circuit (D)

1. Connect the relay as shown in Fig. 9, with
the switch in position 1 and the trip circuit
deenergized.

2. Witha terminal voltage of 1volt and 5 amperes
applied, turn the phase shifter to 13e (current
leads voltage). The contacts shouldybe“¢lesed.
This is the maximum torque position.

3. Raise the voltage to 120 volts and vary the
phase shifter to obtain thestwo“angles where
the moving contact just (make$S) with the left
hand contact. These two “angles (where tor-
que reverses) should be @vhere the current
leads the voltage, by 283° and 103°, + 4°.

4. Contact Gap4dThe,gapibetween the stationary
contact and moying contact with the relay in
deenergized positioft should be approximately
.020".,

C. Undervoltage Circuit

1. Connect the relay as shown in figure 9, with
switchin position 2 and the trip circuit de-
energized.

2. Decrease the voltage until the contacts close
to the left. This value should be 80+ 3% volts.
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D. Reactor Check

Apply 120 volts AC across terminal 6 and 7.
Measure voltage from terminal 6 to 4 and 7 to, 4.
These voltages should be equal to each other within
+ 1 volt.

Routine Maintenance

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

Repair Calibration

A. Auto-transformer Check

Auto-transformersimay be checked for turns ratio
and polarity ¢by applying a.c. voltage to terminals 4
and 5 and following the procedure below.

1) Set SAand Sc on tap number 3. Set the ‘‘R’’
leads “of MA and M all on 0.0 and disconnect
the $L’’ Teads. Adjust the voltage for 90 volts.
Measure'voltage from terminal 5 to the tap #1 of
SA‘ It should be 30 volts (+1). From terminal 5
tontap #2 of SA should be 60 volts. The same
procedure should be followed for taps #1 and
#2 of SC.

2) Set SA and SC on 1 and adjust the voltage at
the relay terminals for 100 volts. Measure volt-
age drop from terminals 5 to each of the MA and
MC taps. This voltage should be equal to 100
(+ 1) plus the sum of values between R and tap
being measured. Example 100 (1 + .03 + .06) =
109 volts.

Transformers that have an output different from
nominal by more than 1.0 volt probably have
been damaged and should be replaced.

B. Distance Unit (Middle Unit) Calibration

Make following tap plate settings.
TA = 15.8; TC =5.1

Sy = SC =1

Make MA = MC = -.15 settings:

““L"’ lead should be connected to the ‘‘O’’ insert

‘R’ lead should be connected to the upper ‘“.06"’
insert. (-.03-.06.06=-.15 between LL & R).

For the most accurate calibration preheat relay
for at least an hour by energizing terminals 5, 6
&7 with 120 volts, 3 phase.

M»f'm
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The links in the middle tap block should be set
for the +T, direction.

1) Contact Gap Adjustment
The spring type pressure clamp holding the
stationary contact in position should not be loosened
to make the necessary gap adjustments.

With moving contact in the opened position, i.e.
against right stop on bridge, screw in stationary
contact until both contacts just make (use neon
light for indication). Then screw the stationary
contact away from the moving contact 1-1/3 turn
for a contact gap of .040".

2.) Sensitivity Adjustment

Using the connections of Fig. 9, apply 10
volts a.c. 90° leading, to terminals 4 and 5
pass .420 amperes through current circuit
(terminals 9 and 8). The spiral spring is to
be adjusted such that the contacts will just
close. Deenergize the relay. The moving
contact should return to open position
against the right hand stop.

C) Impedance Characteristic Check

1) Maximum Torque Angle
Adjust resistor Rg(mounted on the ba€k of the
relay) to measure 8800 ohms. Applying 1003volts a.c.
to terminals 5 and 4 and passing 5.2 amperes, ‘through
the current circuit turn the phase shifter“until” the
moving contact opens. Turn the phase shifter back
(few degrees) until contacts close. "Note,degrees.
Continue to turn the phase shifter until contact opens,
then swing phase shifter ba@k _until contact closes
again. Note degrees. The maXimum torque angle
should be (+ 3°) computed,as follows?
Degrees to Close Contaets at Left +
Degrees to Close @ontacts at Right
2

= 90°

Adjust resistor R’B until{the correct maximum-torque
angle is obtained.
2) Impedance €heck

a. Adjust voltage'to be 90 volts.
For current lagging 90° the impedance unit should
close its contacts at 3.12 — 3.35 amp.

Reverse current leads, the impedance unit should
close its contacts at 9.7 — 10.3 amperes.

b Reverse the links in the middle tap block to —Tc
position. Apply current of 10 amps. The contacts
should stay open. Reverse current leads to original
position. The contacts should open when current

is increased above 9.7 — 10.3 amperes,

Set links back to +Tc position. Change SA and
Sc to setting ‘‘2’’. Keeping voltage at/90 volts,
90° leading check pick-up current. It should be
1.56 — 1.68 amperes. Now set the phase shifter
so that voltage lags the current by$90°. Impedance
unit should trip now at 4.86 — 5.15 amperes.

C. Set Ty = 11.5, To's 25578, = 2, 8¢ = 1, My =
-.03 M-C = -.09. Set voltage at 90 volts leading
the current by 902 Impedance unit should trip at
2.61—2.45 amp. ‘Reverse current leads. Pickup
should be 20.8=22. Iamp.

Change SA' SC =)3. Check pickup. It should be
6.95—17.35 amp. Reverse current leads. Pick-up
should be now 1.74—1.63 amp.

D) Direétional“unit (Top Unit)
1@Contact Gap Adjustment

The, spring type pressure clamp holding the
Stationary contact in position should not be loosened
topmake the necessary gap adjustments.

With moving contact in the opened position, i.e.
against right stop on bridge, screw in stationary
contact until both contacts just make. Then
screw the stationary contact away from the mov-
ing contact 3/4 of one turn for a contact gap of
.022’7.

2) Sensitivity Adjustment

With reactor X having its core screwed out by
about 1/8 inch apply 1.00 volt to terminals 6 and 7.
Observing polarities as per schematic, and 5 amperes
current leading the voltage by 13°, the spiral spring
is to be adjusted such that the contacts will just
close. The adjustment of the spring is accomplished
by rotating the spring adjuster which is located on
the underside of the bridge. The spring adjuster has
a notched periphery so that a tool may be used to
rotate it. The spring type clamp holding the spring
adjuster should not be loosened prior to rotating the
the spring adjuster.

3) Plug Adjustment for Reversing of Spurious Torques

a. Set TC = 0.0. Connect a heavy current lead from
T center link to terminal 8.

b. Short circuit terminals 6 and 7.

c. Screw in both plugs as far as possible prior to
starting the adjustment.

d. Apply 80 amps only momentarily, and the direc-
tional unit need not be cooled during initial rough

13
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adjustment. But, the directional unit should be
cool when final adjustment is made.

e. When relay contact closes move the left screw
out the right hand plug until spurious torque is
reversed.

f. When plug adjustment is completed check to see
that there is no closing torque when relay is
energized with 40 amps and voltage terminals
6 and 7 short-circuited.

4) Maximum Torque Angle Check

With 120 volts and 5 amperes applied, vary the
phase shifter to obtain the two angles where
the moving contacts just close. These two angles
(where torque reverses) should be where the
current leads the voltage by 283° + 4° and 103°
+ 1. Readjust the reactor X jif necessary.

E) Undervoltage Unit (Lower Unit)

Note: The moving contact is in closed position
to the left when deengerized.

1) Contact Gap Adjustments
a) L.H. (Normally Closed) Contact Adjustment

With the moving contact arm in the closed posi-
tion, against left hand side of bridge, screw the
left-hand contact in to just touch the moving cofi=
tact (use neon light for indication) and then ¢on-
tinue for one more complete turn.

b) R.H. (Normally Open) Contact Adjustment

With moving contact arm against the léft' hand
stationary contact screw the right hand stationary
contact until it just touches the moying contact.
Then back the right hand contact @ut twesthirds
of one turn to give 0.020 inch contact“gap.

2) Sensitivity Adjustment
a) Apply voltage to terminals 4 & 5. With the
adjustable resistor, whichdsgplocated at the upper
left hand corner, set for maximum resistance (2500
ohms) adjust the spring,so that contacts make (to
the left) at 70 volts., The, contacts should open
when unit is enérgizéd with 71 or more volts.

b) Relay is shippediwith 80 volts setting. This is
accomplished by lowering resistance value until
contacts make at 80 volts and open when unit is
energized, with 8 I'or more volts. The spring should
not be used for this setting.

F) Indicating,Contactor Switch (ICS)

Close the main relay contacts and pass sufficient

M

d-c current through the trip circuit to close the con~
tacts of the ICS. This value of current stiould notmbe
greater than the particular ICS tap settings being
used. The indcator target should drop freely.

G) Telephone Relay

Energize the telephone relay with_120 volts d-c.
The telephone relay should operate (positively. With
an air gap of .003" — .004" the centacts4should not
close for approximately 15 cycles, after the relay is
de-energized.

H) Compensator Check

Accuracy of the mutual dmpedance T of the
compensators is set withingpvery close tolerances at
factory and should notychange under normal condi-
tions. The mutualdimpedance of the compensators can
be checked with aecurate instruments by the procedure
outlined below,

1. Set TA oRn.the 15.8 tap
TC omypthe 5.1 tap

2. Disconneet the L-leads of sections MA and Mc

3¢ Pass 10 amperes a.c. current in terminal 9 and
ouf of terminal 8.

4. Measure the compensator voltage with an accurate
high resistance voltmeter (5000 ohms/ volt).

5. Compensator A-voltage should be checked be--
tween lead L'A and terminal 5.

For TA = 15.8 the voltage measured should be 237
volts + 3%.

6. Compensator Cvoltage should be checked between
lead LC and the fixed terminal on the resistor
which is mounted in the rear.

For TC = 5.1, the voltage should be 76.5 volts (+
3%).

7. For all other taps the compensator voltage is
1.5IT (* 3%)

where I - relay current
T - tap setting.

RENEWAL PARTS

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

Westinghouse  I.L. 41-748E
OPERATION ¢ MAINTENANCE

INSTRUCTIOMNS

TYPE KLF LOSS-OF-FIELD RELAY

CAUTION Before putting protective relays into ser-
vice, remove all blocking which may have been in-
serted for the purpose of securing the parts during
shipment, 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 KLFrelay is a single-phase relay connected
to the a-c side of a synchronous machine and contains
three units connected so that the operation of two
units sounds an alarm warning the operator of a low
excitation condition, and the additional operation of
the third unit sets up the trip circuit. The relay can
be applied without modification to all types of syn-
chronous machines.

CONSTRUCTION

The relay consists of two air-gap transfermers
(compensators), two tapped auto-transformers, one
reactor, one cylinder-type distance unit, /directional
unit with adjustable reactor, an underyoltage unit
with adjustable resistor, telephone relay, and an ICS
indicating contactor switch.

Compensator

The compensators whi€h aregdesignated T 4 and
and T are two-winding air gaptransformers (Fig. 2).
The primary or curreat, winding of the long-reach
compensator TA has sevenh taps which terminate at
the tap block. They are marked 2.4, 3.16, 4.35, 5.93,
8.3, 11.5, 18.8. Theyprimary winding of the short-
reach compensator TC also has seven taps which
terminate at“this tap block. They are marked 0.0,
0.91, 1.27, 1.82,72.55, 3.64, 5.1. A voltage is incuced
in the secondary which is proportional to the pri-
mary tap andgcurrent magnitude. This proportionality
is established by the cross sectional area of the
laminated steel core, the length of an air gap which
is Iocated in the center of the coil, and the tightness
of the laminations. All of these factors which in-

SUPERSEDES I.L. 41-748D

*Denotes change from superseded issue.

fluence the secondarygVoltage, proportionality have
been precisely set at the/factory. The clamps which
hold the laminationsfshouldmot be disturbed by either
tightening or loosening‘the clamp screws.

The secondary, winding is connected in series
with the relay“terminal voltage. Thus a voltage which
is proportional to'the line current is added vectorially
to the relay/terminal voltage.

Auto- Transformer

The auto-transformer has three taps on its main
winding, S, which are numbered 1, 2, and 3 on the tap
bloek: A tertiary winding M has four taps which may
be connected additively or subtractively to inversely
modify the S setting by any value from —15 to +15
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, .06, and .06.

The auto-transformer makes it possible to expand
the basic ranges of the long and the short reach com-

S
T M Any relay ohm
setting can be made within + 1.5 percent from 2.08
ohms to 56 ohms for the long reach and from .79 ohms

to 18 ohms for the short reach.

pensators by a multiplier of

Impedance Tripping Unit

The distance unit is a four pole induction cyl-
inder type unit. The operating torque of the unit is
proportional to the product of the voltage quantities
applied to the unit and the sine of the phase angle
between the applied voltages. The direction of the
torque so produced depends on the fault location
with respect to the balance point setting.

EFFECTIVE JULY 1966
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Fig. 2 Compensator Construction

Mechanically, the cylinder unit is €ompesed of
four basic components: A die-cast aluminum/frame,
an electromagnet, a moving element/@assembly, and a
molded bridge. The frame se€erves“as a mounting
structure for the magnetic coreg The magnetic core
which houses the lower pinybearing is secured to the
frame by a locking nut. The bearingican be replaced,
if necessary, without havifigto remove the magnetic
core from the frame.

The electromagnetsha$ two sets of two series
connected coils mountedgdiametrically opposite one
another to ex€ite eachyset of poles. Locating pins on
the electromagnet areqused to accurately position the
lower pin bearing, 4which is mounted on the frame,
with respect to“the upper pin bearing, which is
threaded into the bridge. The electromagnet is se-
cured to the frame by four mounting screws.

The, moving element assembly -consists of a
spiral spring, contact carrying member, and an alu-
minum” cylinder assembled to a molded hub which
holds the shaft. The hub to which the moving-contact
arm is clamped has a wedge-and-cam construction,

Fig. 3 Internal Schematic of Type KLF Relay in FT 41 Case

to provide low-bounce contact action. A casual in-
spection of the assembly might lead one to think that
the contact arm bracket does not clamp on the hub as
tightly as it should. However, this adjustment is ac-
curately made at the factory and is locked in place
with a lock nut and should not be changed. Optimum
contact action is obtained when a force of 4 to 10
grams pressure applied to the face of the moving
contact will make the arm slip one-fourth of its total
free travel. Free travel is the angle through which
the hub will slip from the condition of reset to the
point where the clamp projection begins to ride up on
the wedge. The free travel can vary between 15° to
20°.

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

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
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% Fig. 4 External Schemdtic of Type KLF Relay

the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. This sta-
tionary contact has .002 to .006 inch followfwhichdis
set at the factory by means of the adjusting screw.
After the adjustment is made the screw,isysealed in
position with a material which flows around the
threads and then solidifies. The ‘stationary contact
housing is held in position by agspring,type clamp.
The spring adjuster is located (on th® underside of
the bridge and is attached to_the meving contact arm
by a spiral spring. The springsadjuster is also held
in place by a spring typeyclamp.

When contactsf{close, the electrical connection
is made through theystationafy contact housing clamp,
to the moving contactjthfough the spiral spring and
out to the spring adjuster clamp.

Directional Unit

The directional unit is an induction cylinder
unit operating,on the interaction between the polariz-
ing circuit, flux and the operating circuit flux.

Mechanically, the directional unit is composed
afytheysame basic components as the distance unit: A

die-cast aluminum frame, an electromagnet, a moving
element assembly, and a molded bridge.

The electromagnet has two series-connected
polarizing coils mounted diametrically opposite one
another; two series-connected operating coils mounted
diametrically opposite one another; two magnetic ad-
justing plugs; upper and lower adjusting plug clips,
and two locating pins. The locating pins are used to
accurately position the lower pin bearing, which is
threaded into the bridge. The electromagnet is se-
cured to the frame by four mounting screws.

The moving element assembly consists of a
spiral spring, contact carrying member, and an alu-
minum 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 with
the cylinder rotating in an air gap formed by the
electromagnet and the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding




TYPE KLF RELAY

LL. 41-748E

+X + X +X

-x —X -X

(@) WITH Zg = © () WITH Zg > 0 (C) WITH Zg < O

185A182
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the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by spiral spring. The spring adjuster is
also held in place by a spring type clamp.

Undervoltage Unit

The voltage unit is an induction-cylinder unit.

Mechanically, the voltage unit is composed, like
the directional unit, of four components: A“diecase
aluminum frame, an electromagnet, a_moving €lement
assembly, and a molded bridge.

The electromagnet has two pairsyef voltage coils.
Each pair of diametrically opposed, coils is connected
in series. In addition one pair. is in series with an
adjustable resistor. These sets“are in parallel as
shown in Fig. 3. The adjustable resistor serves not
only to shift the phase®angle”of the one flux with re-
spect to the other fosdproduce torque, but it also
provides a pick-uptadjustment.

Otherwise the undervoltage unit is similar in its
construction tofthe directional unit.

Telephone Relay

The telephone relay (X) has a slow drop-out
characteristic. When energized, the solenoid core
attracts, an iron right-angle armature bracket which in
turnjopens the break contacts. In actual service, the
relaysy is normally energized holding the break con-
tacts open. (Note: the make contacts are not used.)
Drop-out delay adjustment is obtained by varying
the air-gap between the armature and the core.
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Fig. 6 Effect of Compensator Voltages (Z_ is positive)

Indicating Contactor Switch Unit (ICS)

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

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

OPERATION

The relay is connected and applied to the system
as shown in Fig. 4. The directional unit closes its
contacts for lagging var flow into the machine. Its
zero torque line has been set at —13° from the R-axis.
Its primary function is to prevent operation of the
relay during external faults. The impedance unit
closes its contacts when, as a result of reduction in
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excitation, the impedance of the machine as viewed
from its terminals is less than a predetermined value.
The operation of both the impedance and directional
units sounds an alarm, and the additional operation
of the undervoltage unit trips the machine. As shown
in Fig. 4, the contacts of all three units are cen-
nected in series across a telephone type relay desig=
nated X, which provides approximately 15 cygles
time delay on dropout before energizing the trip(coil.
This time delay is to insure positive contaetwcoor,
dination under all possible operating conditions.
During normal conditions, all contacts arejopens

Principle of Distance Unit Operation

The distance unit is an induétion c¥linder unit
having directional characteristics. \Operation depends
on the phase relationship between“magnetic fluxes
in the poles of the electromagnet.

One set of opposite poeles, designated as the
operating poles are gnergized by voltage V1T modified
by a voltage derived“from theflong reach compensator
TA' The other set of polesd(polarizing) are energized
bythe same voltage VT except modified by a voltage
derived from the short reach compensator TC. The
flux in the polarizing pole is so adjusted that the
unit closes_ itsicontacts whenever flux in the operat-
ing set of peles leads the flux in the polarizing set.

Theyvoltage V1T is equal to
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Fig. 8 Typical Machine Capacity Curves and Sample KLF
Settings — Per Unit Impedance

As shown in Fig. 4, one-half of Vog voltage is
physically derived in the relay at midtap of a reactor
connected across voltage V23.

Reach of the distance unit is determined by
compensators TA and TC as modified by auto-trans-
former settings. Compensators TA and T are de-
signed so thkat its mutual impedance Zp or Z has
known and adjustable values as described below
under CHARACTERISTICS and SETTINGS. The
mutual impedance of a compensator is defined here
as the ratio of secondary induced voltage to primary
current and is equal to T. Each secondary compensa-
tor voltage is in series with the voltage VlT' Com-
pensator voltages are equal to 1.51y Zp for long
reach compensator and 1.511 ZC for short reach
compensator, where I, is the relay current.

Fig. 5 shows how the compensation voltages
1.511Z 5 and 1.51, Z influence the R-X circle. Note
that Z p independently determines the ‘‘long reach’’,
while Z~ independently fixes the ‘““short reach’’.
With the reversing links in the normal position (+ZC)
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the circle includes the origin; with the opposite link
position (—ZC) the circle misses the origin. The fol-
lowing paragraphs explain this compensator action.

Referring to Fig. 4 note that Ry and Cpg cause
the polarizing voltage to be shifted 90° in the leading
direction. Thus, when the current is zero, polarizing
voltage Vpg, leads the operating voltage Vop by
90°, as shown in Fig. 6(a). This relation produces
restraining torque. To illustrate how Zp fixes the
long reach, assume a relay current which leads ViN
by 90° and of sufficient magnitude to operate the
relay. This means the apparent impedance is along
the —X axis. Note in Fig. 6(b) that the Zp compen-
sation reverses the operating voltage phase position.
The relay balances when this voltage is zero. Note
that this balance is unaffected by the Z compensa-
tion, since this compensation merely increases the
size of Vpgr,.

For lagging current conditions note in Fig. 6(c)
how Vpgy, is reversed by the Z compensation. In
this case the Z, compensation has no effect on the
balance point. This explains why the short reach
point is fixed independently by ZC.

Fig. 6 assumes that ZC is positive (cifcledin-
cludes origin). If the current coil link is&eversed,
the compensation becomes +1.51, Zc. In, Figé 6(b)
this change would result in, VpoL beingWreduced
rather increased by the compensation. As the current
increases VeoL will finally be reversed, reestablish-
ing restraining torque. Thus, the gurrentyneed not
reverse in order to obtain a ‘‘short-reach’’ balance
point. Instead the apparent impedancé need only
move towards the origin in thep—X region to find the
balance point. Therefore, the cirele does not include
the origin with a reversed link poesition.

CHARAGTERISTICS

The type KLF telay is available in one range.

Distance Unit

The distance unit can be set to have charac-
teristic circlesWthat pass through origin, include it,
or exclude it, as shown in Fig. 5.

The Zp and Zo values are determined by com-
pensator settings and modified by autotransformer
settings) S, L, and R. The impedance settings in
ohims)reach can be made for any value from 2.08 to
96 ohms for Zy and from 0.79 ohm to 18 ohms for Zc
in steps of 3 percent.

The taps are marked as follows:

Ta

2.4, 3.16, 4.35, 5.93, 8.3, 11.5, 15.8

Tc

0.0, 0.91, 1.27, 1.82, 2¢565, 3.64, 5.1

(Sp. S¢)
1 2 3

(Mg, Mc)

+ Values beétween taps .03, .06, .06

Directiondl Uanit

The"KLF relay is designed for potential polari-
zation,with an internal phase shifter, so that maximum
torque occurs when the operating current leads the
poelarizing voltage by approXimately 13 degrees. The
minimum pickup has been set by the spring tension to
be approximately 1 volt and 5 amperes at maximum
torque angle.

Undervaltage Unit

The undervoltage unit is designed to close its
contacts when the voltage is lower than the set value.
The undervoltage unit is energized with viT -voltage.
This voltage is equal to 1'5V1N voltage. The con-
tacts can be adjusted to close over the range of 65
to 85 percent of normal system voltage. The dropout
ratio of the unit is 98 percent or higher.

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d.c. and the seal-in contacts of the
indicating contactor switch will safely carry this
current long enough to trip a circuit breaker.

The indicating contactor switch has two taps
that provide a pick-up setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant

Indicating Contactor Switch (ICS)

0.2 ampere tap - 6.5 ohm d-c resistance
2.0 ampere tap - 0.15 ohm d-c resistance
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Burden
Current
@5 amps, 60 cycles
Ta & Tc ANGLE
SETTINGS VA OF LAG
MAX. 18.6 T7°
MIN. 3.8 51°
Potential
@ 120 volts, 60 cycles
Phase AB Phase BC
ANGLE ANGLE
Sa =S¢ VA OF LAG VA OF LAG
1 18.0 2¢ 2.6 12°
2 14.4 31° 5.9 38°
3 13.9 39° 6.6 420
D-C Circuit
RATING WATTS @ RATED
125 3.9
250 7.8

Thermal Ratings

Potential: 132 volts (L-L) continuous

8 amperes continuous
200 amperes for 1 second

Current:

SETTINGS CALCULATIONS

Distance Unit

Set the distance unit to operate befere the steady-
state stability limit is exceeded. Also, to“allowsmaxi-
mum output without an alarm, set the distanceyunit to
allow the machine to operate at maximum hydrogen
pressure and 0.95 per unit voltage (lowest voltage
for which the capability curve fapplies). Where the
maximum capability ofthe machinejycannot be realized
without exceeding the steady-state stability limit,
set the distance unit tQyoperate/before the steady-
state limit is exceeded. ‘Capability curves similar
to Fig. T are obtainéd from the generator manufacturer.

To determine the“désired setting convert the
capability curve of Fig. 7 to the impedance curve of
VT 2,

Fig. 8 by ecalculating

where Vr is the per
(KVA)C

unit terminal*voltage and (KVA)C is the per unit out-
put.CIfgthe capability curve is a circle the radius rl

and offset Cl of the inverse circle (VT = 1) can be
calculated as follows:

1 e, /o
c” - Rc
1 Re
R =7 g2 (3)
c” - Rc

where Cl = distance of capability - circle cen-
ter fromorigin of R-X diagram.
Rl = radius ofdeapability circle on R-X
diagram.

C . = distance of power-circle center from
origin.
RC ="“radius of power circle

6 =) offset angle

After plotting the steady-state stability limit and
the maehine capability curves on the R-X diagram,
plot the relay circle between the stability limit and
the capability curve. (Note in Fig. 8 that the relay
circle cannot be plotted within the 60# — Vo= 0.95
curve, since the machine is beyond the steady-state
stability limit for these conditions.) This plot defines
the desired reach ZA and radius R of the relay
circle. Then use the following procedure to select
tap settings.

1000 (kv)2 R
(kva) RV

Zhase = ohms

where
Zbase = one per unit primary ohms/as
seen from the relay
rated phase-to-phase voltage of
the machine.

kv

kva =rated kva of the machine

Rc = the current transformer ratio.

Rv = the potential transformer ratio.

The actual settings, ZA and ZC. are:
ZA = (ZA per unit) x (Zbase)

Zo =(Z, per unit) x (Zbase) =
(2R=Z ) X (Zpa5e)

e
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where R =radius of circle in per unit.

The tap-plate settings are made according
to equations:

TS
ZA(or Zc) = (9)
1+M
where:
T = compensator tap value.

n
1l

auto-transformer primary tap val-
ue.

M = auto-transformer secondary tap
value.

(M is a per-unit value determined by taking 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 7Z setting. The sign is
negative when R is above L and acts to raise
the Z setting).

The following procedure should be followed to ob-
tain an optimum setting of the relay:

1. Select the lowest tap S which give a product
of 18. GSA greater than desired .ZA and a pro-
duct of GSC greater than desired Zc.

2. Select a value of M that will most nearly make

it equal to:
TS

M= —1.
Z

If the sign is negative, then the M tapstarg connected
with the R lead above the L lead togaise the setting.

Sample Calculations

Assume that a KLF relay,is to'be applied to the
following machine:

3-phase, 60 cycles,#3600%pm, 18 kv, rated at
0 9 pf, 183,500 KVA at 45#H2.

R = 1400/1 R, =150/1

If the recommendedgSetting from Fig. 8 is used:
ZA per unit =168
ZC perdunit & 2R — Zp=2X 0.94 — 1.68 =0.20

(The relay circle in Fig. 8 was obtained by trial
and error using a compass to get the desired radius
and offset’)

2R
1000 (kv) c

(DZbase =~ TR =
v

1000 x (18) 2 x 1400 g 45
183,500 x 150 " ohms

(2) Zp =2 y(per unit) (Zy,ge) = (1.68) (16.45) = 27.6 ohms

(3) Zp =2 (per Unit)(Zbase)=(0.20)(16.45) = 3.29 ohms

To set ZA =27.6

Step 1. The lowest tap Sa for 18.6 SA greater than
ZA = 27.6 is 2. Set Sp in tap 2.

Step 2. Tp nearest to 27.6 = 13.8 is Ty = 15.8

2
Set TA in 15.8 tap

TpSp 15.8m2

VA 27.6
1.145 —1 = + .145

Set M = + .15. Place'R lead in 0, L lead in upper
.06. The relay sétting is"now:

Step 3: MA=

Ta®a  158x2 316
Actual Z‘A = = =

I's M 1+0.15 1.15
This, is 99./7%)0f the desired setting.

To set Zc = 3.29 obms:

=275

Stepml: The lowest tap S for GSC greater than 3.29 is
S~ =1
C .

Set S =1

Step 2@ T nearest to 3.29 =3.29 is 3.64
1

Set TC in 3.64 tap.

Tc 8¢ 3.64 x 1
1= —~—"  1=1107-1=

Step 3: Mc =
ZC 3.29

+.107

Hence, the nearest Mc value is + .12. Now set
R lead in 0.03 tap and L lead in the upper .06
tap.

(Since Mo has plus sign, lead LL must be over R.)

3.64x1

1+.12
98.8% of the desired value.

= 3.25 ohms, or

Undervoltage Unit

The undervoltage unit is usually set to a value
corresponding to the minimum safe system voltage
for stability. This voltage depends upon system
constants and is usually between 70 and 80 percent.
A higher value could be used if it is desired to trip
the machine sooner upon loss of field. The under-
voltage unit is set at the factory for 77 percent of
system voltage, or 80 volts. The desired voltage set-
ting is computed by taking the desired percentage
of voltage VlT = L5V IN-
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Note: An electrical check of this particular setting
is outlined in this instruction leaflet, under the head-
ing ‘‘Acceptance Check’’.

SETTING THE RELAY

The type KLF relay requires a setting for each
of the two compensators TA and TC, for each of the
two auto-transformers, primaries SA and SC, and for
the undervoltage unit.

Compensator (TA and Tc)

Each set of compensator taps terminates in in-
serts which are grouped on a socket and form approxi-
mately three quarters of a circle around a center
insert which is the common connection for allthe 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.

Compensator TC requires an additional setfing
for including or excluding the origin of R-X diagram
from the distance unit characteristic.4if the desired
characteristic is similar to that shown, on, Fig. 5b,
the links should be set vertically in the + TC arrow
direction. If a characteristic similar to that shown in
Fig. 5c is desired, set links horizentally®in the - Te
arrow direction.

Auto-Transformer Primary (SA and|Sc)

Primary tap connections are made through a
single lead for eagh tramsformer. The lead comes out
of the tap plate through 4 small hole located just
below the taps and is held in place on the proper tap
by a connector screw.

An S setting is made by removing the connector
screw, pl@eingithe connector in position over the in-
sert ofgtheVdesired setting, replacing and tightening
the connector screw. The connector should never
makeéwelectrical contact with more than one tap at a
time.

10

Auto-Transformer Secondary (MA and MC)

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

Values for which an M setting,canwbe made are
from —.15 to + .15 in steps of"03. The value of a
setting is the sum of the numbers| that are crossed
when going from the R lead, position to the L lead
position. The sign of the M value is determined by
which lead is in the higher‘position on the tap plate.
The sign is positive((+) if,the L lead is higher and
negative (=) if the R lead is higher.

An M setting may be made in the following man-
ner: Removeithe connéctor screws so that the L. and R
leads are free. Determine from the following table
the desired™Myvalue and tap positions. Neither lead
conneetor should make electrical contact with more
than one‘tap,at a time.

Tabulated Settings

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

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

Undervoltage Unit

The voltage unit is calibrated to close its con-
tact when the applied voltage is reduced to 80 volts.
The voltage unit can be set to close its contacts
from 70 volts to 90 volts by adjusting the resistor
located next to the directional unit (to the left of
the upper operating unit). The spiral spring is not
disturbed when making any setting other than the
calibrated setting of 80 volts.

Directional Setting

There is no setting to be made on directional
unit.

P M,
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KLF RELAY {FRONT Ww18W.)
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Fig. 9 Diagfam of/T est Connections for KLF Relay

Indicating Contractor Switch (ICS)

No setting is required on the ICS unit except
the selection of the 0.2 or 2.0 ampere/tap setting.
This selection is made by connegting .the lead lo-
cated in front of the tap blockrto the desired setting
by means of the connecting screw. When the relay
energizes a 125 volt or 250 4olt d.c! type WL relay
switch, or equivalent, use the ‘032 ampere tap. For
48 volt d.c. applicationsgset I€SYn 2 ampere tap and
use S#304C209G01 type WL relay coil or equivalent.

INSTARLLATION

The relays should be mounted on switchboard
panels orgheirdequivalent in a location free from dirt,
moisture, excessiye vibration, and heat. Mount the
relay vertically'by means of the four mounting holes
on the flange for semi-flush mounting or by means of
the rear mounting stud or studs for projection mount-
ingEither a mounting stud or the mounting screws
may. be utilized for grounding the relay. The elec-
trical connections may be made directly to the termi-
nals“by means of screws for steel panel mounting or
the terminal studs furnished with the relay for thick
panel mounting. The terminal studs may be easily

removed or inserted by locking two nuts on the stud
and then turning the proper nut with a wrench.

For detailed FT Case information refer to I.L.
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory. Upon
receipt of the relay, no customer adjustments, other
than those covered under ‘‘SETTINGS,’”’ should be
required.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order:

A. Distance Unit (Z)

1. Connect the relay as shown in Fig. 9 with
the switch in position 2 and the trip circuit

deenergized.

2. Make the following tap settings:
TA = 11.5 TC = 2.55
SA = 2 S c= 1
MA= -.03 Me=-.09

1
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TC link in middle block should be set for +T,
direction.

This setting corresponds to ZA =23.7T2Z c= 2.80

Adjust the phase shifter for 90° current lagging
the voltage.

3. With the terminal voltage at 80 volts, increase
current until contacts just close. This current
should be within *+ 3% of 2.25 amp (2.32-2.18
amp.). This value corresponds to 1.SZA set-
ting since the voltage as applied to terminals
4 and 5 is equivalent to 1.5V1N voltage, or

. VIN 80 1 231 on
== = — X = - onms.
AT 1.5 = 2.25

4. Adjust phase shifter for 90° current leading
the voltage.

5. With the terminal veltage at 80 volts increase
current until contacts just close. This current
should be within + 3% of 19.0 amps. (19.6—
18.4 amps.) This value corresponds to 1.52c
setting for the same reason as explained above.

Contact Gap The gap between the stationary contact
and moving contact with the relay in deenergized
position should be approximately .040’’.

B. Directional Unit Circuit (D)

1. Connect the relay as shown in Fig. 9, with
the switch in position 1 and the trip cifeuit
deenergized.

2. Witha terminal voltage of 1volt and 5 amperes
applied, turn the phase shifteré4o 132 (current
leads voltage). The contacts shouldibe closed.
This is the maximum torque position.

3. Raise the voltage to 120 volts and vary the
phase shifter to obtain the two“angles where
the moving contact justimakes with the left
hand contact. Theseg™twe angles (where tor-
que reverses) gshould#be) where the current
leads the voltagey bym283° and 103°, + 4°.

4. Contact Gap The gap between the stationary
contact andimovingdcontact with the relay in
deenergized position should be approximately
.020".

C. Undervoltage Cireuit

1. Connect the relay as shown in figure 9, with
switeh hin position 2 and the trip circuit de-
energized.

2. Decrease the voltage until the contacts close
to'the left. This value should be 80+ 3% volts.
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D. Reactor Check

Apply 120 volts AC across terminal 6 and 7.
Measure voltage from terminal 6 to 4 and 7 to,44
These voltages should be equal to each other within
+ 1 volt.

Routine Maintenance

All contacts should be periodicadly cleaned. A
contact burnisher S#182A836H01 isyrecommended for
this purpose. The use of abrasivepmaterial for clean-
ing contacts is not recommended, because of the
danger of embedding small“partieles in the face of
the soft silver and thus impairingthe contacts.

Repair Calibration

A. Auto-transformer Check

Auto-transformersimay be checked for turns ratio
and polarity by applying a.c. voltage to terminals 4
and 5 and following the procedure below.

1) Set SAand Sc on tap number 3. Set the ‘R’
leads ‘of M 5 and MC all on 0.0 and disconnect
the ‘L'’ leads. Adjust the voltage for 90 volts.
Measure voltage from terminal 5 to the tap #1 of
SA‘ It should be 30 volts (+1). From terminal 5
to“tap #2 of SA should be 60 volts. The same
procedure should be followed for taps #1 and
#2 of SC.

2) Set SA and SC on 1 and adjust the voltage at
the relay terminals for 100 volts. Measure volt-
age drop from terminals 5 to each of the My and
Mea taps. This voltage should be equal to 100
(+ 1) plus the sum of values between R and tap
being measured. Example 100 (1 + .03 + .06) =
109 volts.

Transformers that have an output different from
nominal by more than 1.0 volt probably have
been damaged and should be replaced.

B. Distance Unit (Middle Unit) Calibration

Make following tap plate settings.
Ty =15.8; To =5.1

Sp = SC =1

Make M, =Mqs = -.15 settings:

““L.”’ lead should be connected to the ‘‘O’’ insert

‘'R’’ lead should be connected to the upper ‘*.06"’
insert. (-.03-.06.06=-.15 between L. & R).

For the most accurate calibration preheat relay
for at least an hour by energizing terminals 5, 6
&7 with 120 volts, 3 phase.

-~
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The links in the middle tap block should be set
for the +T, direction.

1) Contact Gap Adjustment
The spring type pressure clamp holding the
stationary contact in position should not be loosened
to make the necessary gap adjustments.

With moving contact in the opened position, i.e.
against right stop on bridge, screw in stationary
contact until both contacts just make (use neon
light for indication). Then screw the stationary
contact away from the moving contact 1-1/3 turn
for a contact gap of .040".

2.) Sensitivity Adjustment

Using the connections of Fig. 9, apply 10
volts a.c. 90° leading, to terminals 4 and 5
pass .420 amperes through current circuit
(terminals 9 and 8). The spiral spring is to
be adjusted such that the contacts will just
close. Deenergize the relay. The moving
contact should return to open position
against the right hand stop.

C) Impedance Characteristic Check

1) Maximum Torque Angle

Adjust resistor Rg(mounted on the back of the
relay) to measure 8800 ohms. Applying 100 velts a.c.
to terminals 5and 4 and passing 5.2 amperes;, through
the current circuit turn the phase shifter, until the
moving contact opens. Turn the phase shiftér back
(few degrees) until contacts clos€.” Notef degrees.
Continue to turn the phase shifter until contact opens,
then swing phase shifter back “antil®™eontact closes
again. Note degrees. The gnaximum torque angle
should be (+ 1°) computed ‘as follows:

Degrees to Close Gontactsfat Left +
Degrees to Close Contagts at Right (6)
2

Adjust resistor R’B until the correct maximum-torque
angle is obfained.
2) ImpedancefCheck

a. Adjust voltage to be 90 volts.
For current lagging 90° the impedance unit should
close its,contacts at 3.12 — 3.35 amp.

Reverse current leads, the impedance unit should
close its contacts at 9.7 — 10.3 amperes.

bs:, Reverse the links in the middle tap block to —Tc
position. Apply current of 10 amps. The contacts
should stay open. Reverse current leads to original
position. The contacts should open when current

is increased above 9.7 — 10.3 amperes.

Set links back to +TC position. Change SA and
Sc to setting ““2’’. Keeping voltagewmat®90 volts,
90° leading check pick-up current. It should be
1.56 — 1.68 amperes. Now set the phase shifter
so that voltage lags the current by 90°. Impedance
unit should trip now at 4.854=,5.15 amperes.

c. Set TA =115, Tp = 250,484 = 2, 8¢ = 1, My =
-.03 M-C = =,09. Setyvoltage at 90 volts leading
the current by 90°. Impedance unit should trip at
2.61—2.45 amps, Reverse current leads. Pickup
should be 20.8—2231 amp.

Change SA, Sc =3. Check pickup. It should be
6.95—-7.35 amp. Reverse current leads. Pick-up
should be“now 1.74—1.63 amp.

D) Directional unit (Top Unit)

1) “.CoentactysGap Adjustment

The ¥spring type pressure clamp holding the
stationary contact in position should not be loosened
to make the necessary gap adjustments.

With moving contact in the opened position, i.e.

against right stop on bridge, screw in stationary

contact until both contacts just make. Then

screw the stationary contact away from the mov-

ing contact 3/4 of one turn for a contact gap of
* 022",

2) Sensitivity Adjustment

With reactor X having its core screwed out by
about 1/8 inch apply 1.00 volt to terminals 6 and 7.
Observing polarities as per schematic, and 5 amperes
current leading the voltage by 13°, the spiral spring
is to be adjusted such that the contacts will just
close. The adjustment of the spring is accomplished
by rotating the spring adjuster which is located on
the underside of the bridge. The spring adjuster has
a notched periphery so that a tool may be used to
rotate it. The spring type clamp holding the spring
adjuster should not be loosened prior to rotating the
the spring adjuster.

3) Plug Adjustment for Reversing of Spurious Torques

a. Set T = 0.0. Connect a heavy current lead from
T center link to terminal 8.

b. Short circuit terminals 6 and 7.

c. Screw in both plugs as far as possible prior to
starting the adjustment.

d. Apply 80 amps only momentarily, «nd the direc-
tional unit need not be cooled during initial rough

13
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adjustment. But, the directional unit should be
cool when final adjustment is made.

e. When relay contact closes move the left screw
out the right hand plug until spurious torque is
reversed.

f. When plug adjustment is completed check to see
that there is no closing torque when relay is
energized with 40 amps and voltage terminals
6 and 7 short-circuited.

4) Maximum Torque Angle Check

With 120 volts and 5 amperes applied, vary the
phase shifter to obtain the two angles where
the moving contacts just close. These two angles
(where torque reverses) should be where the
current leads the voltage by 283° + 4° and 103°
+ 1. Readjust the reactor Xdif necessary.

E) Undervoltage Unit (Lower Unit)

Note: The moving contact is in closed position
to the left when deengerized.

1) Contact Gap Adjustments
a) L.H. (Normally Closed) Contact Adjustment

With the moving contact arm in the closed posi-
tion, against left hand side of bridge, screw the
left-hand contact in to just touch the moving cen-
tact (use neon light for indication) and then con=
tinue for one more complete turn.

b) R.H. (Normally Open) Contact Adjustment

With moving contact arm against the left hdnd
stationary contact screw the right hand, stationary
contact until it just touches the mowing<eontact.
Then back the right hand contact,out, two-thirds
of one turn to give 0.020 inch contaet gap.

2) Sensitivity Adjustment
a) Apply voltage to terminalsj4 & 5. With the
adjustable resistor, whichfis docated at the upper
left hand corner, set for maximum resistance (2500
ohms) adjust the spring ‘se, that contacts make (to
the left) at 70 yolts4 The “contacts should open
when unit is energized with 71 or more volts.

b) Relay is shipped with 80 volts setting. This is
accomplished by lowering resistance value until
contacts make at 80 volts and open when unit is
energized‘with 81 or more volts. The spring should
not be dised for this setting.

F) Indicatinge€Contactor Switch (ICS)

Clese the main relay contacts and pass sufficient

14

d-c current through the trip circuit to close the conx
tacts of the ICS. This value of current shiould nét be
greater than the particular ICS tap settings being
used. The indcator target should drop freely.

G) Telephone Relay

Energize the telephone relay with 120,volts d-c.
The telephone relay should opefate ‘positively. With
an air gap of .003" — .004" the contacts should not
close for approximately 15 cycles ‘after the relay is
de-energized.

H) Compensator Check

Accuracy of the#mutual impedance T of the
compensators is set ‘within very close tolerances at
factory and should™not ‘¢éhange under normal condi-
tions. The mutuallimpedance of the compensators can
be checked withlaccurate instruments by the procedure
outlined below.

1. Set TA on the 15.8 tap
TC on the 5.1 tap

2. Disconnect the L-leads of sections MA and Mc

3., Pass¥10 amperes a.c. current in terminal 9 and
ouf of terminal 8.

4. Measure the compensator voltage with an accurate
high resistance voltmeter (5000 ohms/ volt).

5. Compensator A-voltage should be checked be--
tween lead LA and terminal 5.

For TA = 15.8 the voltage measured should be 237
volts + 3%.

6. Compensator C voltage should be checked between
lead LC and the fixed terminal on the resistor
which is mounted in the rear.

For TC = 5.1, the voltage should be 76.5 volts (*
3%).

7. For all other taps the compensator voltage is
1.5IT (+ 3%)

where I - relay current
T - tap setting.

RENEWAL PARTS

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

Westinghouse  I.L. 41-748C
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KLF LOSS-OF-FIELD RELAY

CAUTION Before putting protective relays into ser-
vice, remove all blocking which may have been in-
serted for the purpose of securing the parts during
shipment, 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 KLFrelay is a single-phase relay connected
to the a~c side of a synchronous machine and contains
three units connected so that the operation of two
units sounds an alarm warning the operator of a low
excitation condition, and the additional operation of
the third unit sets up the trip circuit. The relay can
be applied without modification to all types .ofpsyn-
chronous machines.

CONSTRUCTION

The relay consists of two air-gapgtransformers
(compensators), two tapped auto-transfofmers, one
reactor, one cylinder-type distancegunit, “directional
unit with adjustable reactor, gan undervoltage unit
with adjusfable resistor, telephone,relay, and an ICS
indicating contactor switch.

Compensator

The compensators which are designated Ta and
and T are two-winding aingap transformers (Fig. 2).
The primary or current winding of the long-reach
compensator TA has)Seven taps which terminate at
the tap block{ Theydare marked 2.4, 3.16, 4.35, 5.93,
8.3, 11.5,415.84 The ‘primary winding of the short-
reach compensator TC also has seven taps which
terminate at thisftap block. They are marked 0.0,
0.91, 1.27, 1.82, 2.55, 3.64, 5.1. A voltage is induced
in the secondary which is proportional to the pri-
mary, tap and current magnitude. This proportionality
is, established by the cross sectional area of the
laminated steel core, the length of an air gap which
isWecated in the center of the coil, and the tightness
of the laminations. All of these factors which in-

SUPERSEDES I.L. 41-748B

fluence the secondary voltage proportionality have
been precisely set at the factory. The clamps which
hold the laminations sheuld not be disturbed by either
tightening or loosening/the clamp screws.

The secondary winding is connected in series
with the rélay terminal voltage. Thus a voltage which
is proportional to the line current is added vectorially
to thenelayjterminal 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 —15 to +15
percent in steps of 3 percent.

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

The auto-transformer makes it possible to expand
the basic ranges of the long and the short reach com-

S
TiM Any relay ohm
setting can be made within + 1.5 percent from 2.08
ohms to 56 ohms for the long reach and from .79 ohms

to 18 ohms for the short reach.

pensators by a multiplier of

Impedance Tripping Unit

The distance unit is a four pole induction cyl-
inder type unit. The operating torque of the unit is
proportional to the product of the voltage quantities
applied to the unit and the sine of the phase angle
between the applied voltages. The direction of the
torque so produced depends on the fault location
with respect to the balance point setting.

EFFECTIVE NOVEMBER 1962
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Fig. 2 Compensator Construction

Mechanically, the cylinder unit is dompesed of
four basic components: A die-cast aluminum)frame,
an electromagnet, a moving element @4ssembly, and a
molded bridge. The frame setves‘)as a mounting
structure for the magnetic cores The magnetic core
which houses the lower pin bedring is“secured to the
frame by a locking nut. The bearingycan be replaced,
if necessary, without havingrto“remove the magnetic
core from the frame.

The electromagnet shas two sets of two series
connected coils ‘mounted diametrically opposite one
another to excite eachyset of poles. Locating pins on
the electromagnet are,used to accurately position the
lower pin bearing, #4hich is mounted on the frame,
with respect to“Wthe upper pin bearing, which is
threaded into the bridge. The electromagnet is se-
cured to the frame by four mounting screws.

The moving element assembly -consists of a
spiral spring, contact carrying member, and an alu-
minum> cylinder assembled to a molded hub which
holds the shaft. The hub to which the moving-contact
arm is clamped has a wedge-and-cam construction,

Fig. 3 Internal Schematic of Type KLF Relay in FT41 Case

to provide low-bounce contact action. A casual in-
spection of the assembly might lead one to think that
the contact arm bracket does not clamp on the hub as
tightly as it should. However, this adjustment is ac-
curately made at the factory and is locked in place
with a lock nut and should not be changed. Optimum
contact action is obtained when a force of 4 to 10
grams pressure applied to the face of the moving
contact will make the arm slip one-fourth of its total
free travel. Free travel is the angle through which
the hub will slip from the condition of reset to the
point where the clamp projection begins toride up on
the wedge. The free travel can vary between 15° to
20°,

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

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
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Fig. 4 External Schematic of Type KLF Relay

the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. This sfa-
tionary contact has .002 to .006 inch followgWhich)is
set at the factory by means of the adjusting screw.
After the adjustment is made the screw is,sealed in
position with a material which flows around the
threads and then solidifies. The “stationary contact
housing is held in position by a_spring type clamp.
The spring adjuster is located on the underside of
the bridge and is attached to the“moving contact arm
by a spiral spring. The spring @adjuster is also held
in place by a spring typeyclamp.

When contacts 4€lose, the, electrical connection
is made through thee,stationary contact housing clamp,
to the moving contacty through the spiral spring and
out to the spring adjusterclamp.

Directional Unit

The directional unit is an induction cylinder
unit operafing on the interaction between the polariz-
ing circuit flux and the operating circuit flux.

Mechanically, the directional unit is composed
of.theysame basic components as the distance unit: A

die-cast aluminum frame, an electromagnet, a moving
element assembly, and a molded bridge.

The electromagnet has two series-connected
polarizing coils mounted diametrically opposite one
another; two series-connected operating coils mounted
diametrically opposite one another; two magnetic ad-
justing plugs; upper and lower adjusting plug clips,
and two locating pins. The locating pins are used to
accurately position the lower pin bearing, which is
threaded into the bridge. The electromagnet is se-
cured to the frame by four mounting screws.

The moving element assembly consists of a
spiral spring, contact carrying member, and an alu-
minum 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 with
the cylinder rotating in an air gap formed by the
electromagnet and the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding

P
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Fig. 5 R-X Diagram Characteristics with Various Z_ -
Compensator Settings

the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by spiral spring. The spring adjuster is
alsoheld in place by a spring type clamp.

Undervoltage Unit

The voltage unit is an induction-cylinder unit.

Mechanically, the voltage unit is composed,like
the directional unit, of four components: A “diecase
aluminum frame, an electromagnet, a moving element
assembly, and a molded bridge.

The electromagnet has two p@irsyef voltage coils.
Each pair of diametrically opposed coils is connected
in series. In addition one pair is in series with an
adjustable resistor. Thes@ Ssets¥are in parallel as
shown in Fig. 3. The adjustable resistor serves not
only to shift the phasesangle®™sf the one flux with re-
spect to the other to4préduce torque, but it also
provides a pick-uptadjustment.

OtherwiSe th€& undervoltage unit is similar in its
construction todthe directional unit.

Telephone Relay

The telephone relay (X) has a slow drop-out
charagteristic.” When energized, the solenoid core
attracts)an iron right-angle armature bracket which in
turnyopens the break contacts. In actual service, the
relay, is normally energized holding the break con-
tacts open. (Note: the make contacts are not used.)
Drop-out delay adjustment is obtained by varying
the air-gap between the armature and the core.
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Fig. 6 Effect of Compensator Voltages (Z_ is positive)

Indicating Contactor Switch Unit (ICS)

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

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

OPERATION

The relay is connected and applied to the system
as shown in Fig. 4. The directional unit closes its
contacts for lagging var flow into the machine. Its
zero torque line has been set at —13° from the R-axis.
Its primary function is to prevent operation of the
relay during external faults. The impedance unit
closes its contacts when, as a result of reduction in
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Fig. 7 Typical Machine Capacity Curves Plotted on a Per
Unit KVA Basis (183,500 KVA, 45% H2, 18KV, 0.9
pf, 0.64 SCR, inner-cooled, 3600 rpm.)

excitation, the impedance of the machine as viewed
from its terminals is less than a predetermined value.
The operation of both the impedance and directional
untts sounds an alarm, and the additional operation
of the undervoltage unit trips the machine. As shown
in Fig. 4, the contacts of all three units are con-
nected in series across a telephone type relay desig*
nated X, which provides approximately 15 cyecles
time delay on dropout before energizing the trip{ coil.
This time delay is to insure positive contaety coors
dination under all possible operating conditions.
During normal conditions, all contacts are,opens

Principle of Distance Unit Operation

The distance unit is an indu@tion “éylinder unit
having directional characteristics. Operation depends
on the phase relationship between®magnetic fluxes
in the poles of the electromagnet.

One set of oppoSite “poles, designated as the
operating poles are €nergized by voltage Vit modified
by a voltage derivedifrom the long reach compensator
Ty The other set of polesi(polarizing) are energized
by the same voltage VlT except modified by a voltage
derived from the short reach compensator TC. The
flux in the polarizing pole is so adjusted that the
unit closes itsycontacts whenever flux in the operat-
ing set of poleshleads the flux in the polarizing set.

The,voltage ViT is equal to

VyT = Vig +0.5 Vog = 1.5 Vyy o
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Fig. 8 Typical Machine Capacity Curves and Sample KLF
Settings — Per Unit Impedance

As shown in Fig. 4, one-half of V23 voltage is
physically derived in the relay at midtap of a reactor
connected across voltage V23.

Reach of the distance unit is determined by
compensators TA and TC as modified by auto-trans-
former settings. Compensators TA and TC are de-
signed so that its mutual impedance ZA or ZC has
known and adjustable values as described below
under CHARACTERISTICS and SETTINGS. The
mutual impedance of a compensator is defined here
as the ratio of secondary induced voltage to primary
current and is equal to T. Each secondary compensa-
tor voltage is in series with the voltage VlT' Com-
pensator voltages are equal to 1.51; Zp for long
reach compensator and 1.511 ZC for short reach
compensator, where I, is the relay current.

Fig. 5 shows how the compensation voltages
1.511Z 4 and 1.51 Z. influence the R-X circle. Note
that Z 4 independently determines the ‘‘long reach’’,
while Z~ independently fixes the ‘‘short reach’’.
With the reversing links in the normal position (+ZC)
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the circle includes the origin; with the opposite link
position (-—ZC) the circle misses the origin. The fol-
lowing paragraphs explain this compensator action.

Referring to Fig. 4 note that Ry and Cp cause
the polarizing voltage to be shifted 90° in the leading
direction. Thus, when the current is zero, polarizing
voltage VpoL leads the operating voltage Vop by
90°, as shown in Fig. 6(a). This relation produces
restraining torque. To illustrate how Z, fixes the
long reach, assume a relay current which leads Vyy
by 90° and of sufficient magnitude to operate the
relay. This means the apparent impedance is along
the —X axis. Note in Fig. 6(b) that the Z 5 compen-
sation reverses the operating voltage phase position.
The relay balances when this voltage is zero. Note
that this balance is unaffected by the Z~ compensa-
tion, since this compensation merely increases the
size of Vpor,.

For lagging current conditions note in Fig. 6(c)
how VeoL is reversed by the Zeo compensation. In
this case the Zp compensation has no effect on the
balance point. This explains why the short reach
point is fixed independently by Ze

Fig. 6 assumes that ZC is positive (cifcletin-
cludes origin). If the current coil link is 4eversed,
the compensation becomes +1.5], ZC. Iny Figd 6(b)
this change would result in, VPOL being “teduced
rather increased by the compensation. As the, current
increases Vppy, will finally be reversed, réestablish-
ing restraining torque. Thus, the gurrent®need not
reverse in order to obtain a ‘4short-reach’’ balance
point. Instead the apparent impedanée need only
move towards the origin in theq=X region to find the
balance point. Therefore, the circle,does not include
the origin with a reversed link pésition.

CHARACTERISTICS

The type KLF relay is available in one range.

Distance Unit

The distance unit can be set to have charac-
teristic circles“that pass through origin, include it,
or exclude it, as shown in Fig. 5.

The ZA and ZC values are determined by com-
pensater settings and modified by autotransformer
settings)»S, L, and R. The impedance settings in
ohms reach can be made for any value from 2.08 to
96 ohms for ZA, and from 0.79 ohm to 18 ohms for Zc
in‘steps of 3 percent.

The taps are marked as follows:

Ta

2.4, 3.16, 4.35, 5.93, 8.3, 11.5, 15.8

Tc

0.0, 0.91, 1.27,,1.82, 2455 3.64, 5.1

(Sp, S¢)
1, 2,3

(M, Me)

+ values between taps .03, .06, .06

Directional Unit

The KLF relay is designed for potential polari-
zatiomwith an internal phase shifter, so that maximum
torque, occurs when the operating current leads the
polarizing voltage by approtimately 13 degrees. The
minimum pickup has been set by the spring tension to
be approximately 1 volt and 5 amperes at maximum
torque angle.

Undervoltage Unit

The undervoltage unit is designed to close its
contacts when the voltage is lower than the set value.
The undervoltage unit is energized with Vip-voltage.
This voltage is equal to 1.5V1N voltage. The con-
tacts can be adjusted to close over the range of 65
to 85 percent of normal system voltage. The dropout
ratio of the unit is 98 percent or higher.

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d.c. and the seal-in contacts of the
indicating contactor switch will safely carry this
current long enough to trip a circuit breaker.

The indicating contactor switch has two taps
that provide a pick-up setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant
Indicating Contactor Switch (ICS)

0.2 ampere tap - 6.5 ohm d-c resistance
2.0 ampere tap - 0.15 ohm d-c resistance
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Burden
Current
@5 amps, 60 cycles
Tp & Tc ANGLE
SETTINGS VA OF L AG
MAX. 18.6 TTe
MIN. 3.8 51e
Potential
@ 120 volts, 60 cycles
Phase AB Phase BC
ANGLE ANGLE
Sp =S¢ VA OF LAG VA OF LAG
1 18.0 20 2.6 12°
2 14.4 31° 5.9 38°
3 13.9 39° 6.6 420
D-C Circuit
RATING WATTS @ RATED
125 3.9
250 7.8

Thermal Ratings

Potential: 132 volts (L-L) continuous

8 amperes continuous
200 amperes for 1 second

SETTINGS CALCULATIONS

Distance Unit

Current:

Set the distance unitto operate before the steady-
state stability limit is exceeded. Also, to%allow*maxi-
mum output without an alarm, set the distance unit to
allow the machine to operate at ‘maximum hydrogen
pressure and 0.95 per unit voltage (lewest voltage
for which the capability curvel applies). Where the
maximum capability of the machineycannot be realized
without exceeding the steadysstate stability limit,
set the distance unit tQyoperate before the steady-
state limit is exceeéded. ‘Capability curves similar
to Fig. T are obtaiped from the generator manufacturer.

To determine the“idesired setting convert the
capability curve of Fig. 7 to the impedance curve of
VT 2,

Fig. 8 by €alculating

where Vp is the per
(KVA)C

unit terminal*voltage and (KVA)C is the per unit out-
put.. Ifathe capability curve is a circle the radius Rl

and offset Cl of the inverse circle (VT = 1) can be
calculated as follows:

1 Co .
C = =723 -7 [6 (2)
G -Rc

R - R £ 3 (3)
C” -Re

where ¢l = distanee of capability - circle cen-
ter from origin of R-X diagram.

R! = radius of¥eapability circle on R-X
diagram.

C ., £ distance of power-circle center from
origin.
RC = "radius of power circle

6 = offset angle

After plotting the steady-state stability limit and
the. maehine capability curves on the R-X diagram,
plot“the relay circle between the stability limit and
the capability curve. (Note in Fig. 8 that the relay
circle cannot be plotted within the 60% — Vo= 0.95
curve, since the machine is beyond the steady-state
stability limit for these conditions.) This plot defines
the desired reach ZAand radius R of the relay
circle. Then use the following procedure to select
tap settings.

1000 (kv)2 Ro
(kva) RV

Zhase = ohms

where

Zbase = one per unit primary ohms/as
seen from the relay

kv = rated phase-to-phase voltage of
the machine.

kva =rated kva of the machine

Rc =the current transformer ratio.

Rv = the potential transformer ratio.
The actual settings, ZA and ZC' are:
ZA = (ZA per unit) x (Zbase)

ZC = (Zc per unit) x (Zbase) =
(ZR—ZA) X (Zygse)
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where R =radius of circle in per unit.

The tap-plate settings are made according
to equations:

TS

ZA(or zc) = (5)

1+M
where:
T = compensator tap value.

S = auto-transformer primary tap val-
ue.

M = auto-transformer secondary tap
value.

(M is a per-unit value determined by taking 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).

The following procedure should be followed to ob-
tain an optimum setting of the relay:

1. Select the lowest tap S which give a produ€t
of 18.68A greater than desired ZA and a pros
duct of GSC greater than desired ZC'

2. Select a valwe of M that will most nearly make
it equal to:
TS
Z
If the sign is negative, then the M{taps @re connected
with the R lead above the L lead toraise the setting.

Sample Calculations

Assume that a KLF relay isto be applied to the
following machine:

3-phase, 60 cycles;, 3600 rpm, 18 kv, rated at

0.9 pf, 183,500/K'VA at 45 #H,.
R, =1400/% R, =150/1

If the tecommended setting from Fig. 8 is used:

ZA per unit = 1.68

ZC per unit = 2R — Zp=2Xx 0.94 — 1.68 =0.20

2
\ 1000 (kv) R 1000 x (18) % x 1400 16 45
(0, Jvase © “vair, 183,500 x 150 ohms

2) ZA = ZA(per unit) (Zbase) =(1.68) (16.45) = 27.6 ohms

(3) Zg =Z - (per unit) (Zbase)= (0.20) (16.45) = 3.29 ohms

Step 3: MA=

To set ZA =27.6

Step 1: The lowest tap SA for 18.6 S, sgreatet than
ZA = 27.6 is 2. Set SA in tap 2.

Step 2: Tp nearest to 27.6 = 13.8 is Tp = 15.8

2
Set TA in 15.8 tap

TaSp 15.8% 2

z 217.6
1.145 —1 =+ 7145

Set M = + .15. PlacejR lead in 0, L lead in upper
.06. The relay setting is now:

TA®s  158x2 316

Actual ZA = = = =27.5
%M 1+0.15 1.15

This is199.7% of the desired setting.

To set Zc = 3.29 obms:

Stepml: The lowest tap S ofor 65 greater than 3.29 is

Step 2: Te nearest to 3.29. =3.29 is 3.64
1

Set TC in 3.64 tap.

TeSc 3.64 x 1
Step 3: MC = -1=
3.29

Zc

-1=1.107-1=

+.107

Hence, the nearest MC value is + .12. Now set
R lead in 0.03 tap and L lead in the upper .06
tap.

(Since M has plus sign, lead L, must be over R.)

TeSc  3.64x1

Then, ZC: =
(1 tMe) 1+.12
98.8% of the desired value.

= 3.25 ohms, or

Undervoltage Unit

The undervoltage unit is usually set to a value
corresponding to the minimum safe system voltage
for stability. This voltage depends upon system
constants and is usually between 70 and 80 percent.
A higher value could be used if it is desired to trip
the machine sooner upon loss of field. The under-
voltage unit is set at the factory for 77 percent of
system voltage, or 80 volts. The desired voltage set-
ting is computed by taking the desired percentage
of voltage V1T =1.5v IN®
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Note: An electrical check of this particular setting
is outlined in this instruction leaflet, under the head-
ing ‘“Acceptance Check’’.

SETTING THE RELAY

The type KLF relay requires a setting for each
of the two compensators Tp and TC, for each of the
two auto-transformers, primaries SA and SC, and for
the undervoltage unit.

Compensator (TA and TC)

Each set of compensator taps terminates in in-
serts which are grouped on a socket and form approxi-
mately three quarters of a circle around a center
insert which is the common connection for allthe 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 thag
the screws are turned to bind snugly.

Compensator TC requires an additional setting
for including or excluding the origin of R-X diagram
from the distance unit characteristic. If theldesired
characteristic is similar to that showngfon“Eig. 5b,
the links should be set vertically in they+ T arrow
direction. If a characteristic similar<tgythat¥shown in
Fig. 5c is desired, set links horizontally“in the - TC
arrow direction.

Auto-Transformer Primarg, (SA and Sc)

Primary tap comnnectionsi@are made through a
single lead for each transformer. The lead comes out
of the tap plate through af'small hole located just
below the taps and is held'in place on the proper tap
by a connector screw.

An S setting is made by removing the connector
screw, placing,the connector in position over the in-
sert of the desired setting, replacing and tightening
the connector” screw. The connector should never
make electrical contact with more than one tap at a
times

10

Auto-Transformer Secondary (MA and MC)

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

Values for which an M setting“ean“be made are
from —.15 to + .15 in steps off.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 thesM value is determined by
which lead is in the higher position on the tap plate.
The sign is positive(+) if“the L. lead is higher and
negative (—) if the R lead,is higher.

An M setting'may be made in the following man-
ner: Remove the‘eonnector screws so that the L and R
leads are, freetl) Determine from the following table
the desired, M*walue and tap positions. Neither lead
connector, should make electrical contact with more
than one tapyat a time.

Tabulated Settings

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

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

Undervoltage Unif

The voltage unit is calibrated to close its con-
tact when the applied voltage is reduced to 80 volts.
The voltage unit can be set to close its contacts
from 70 volts to 90 volts by adjusting the resistor
located next to the directional unit (to the left of
the upper operating unit). The spiral spring is not
disturbed when making any setting other than the
calibrated setting of 80 volts.

Directional Setting

There is no setting to be made on directional
unit.
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Fig. 9 Didgram of Test Connections for KLF Relay

Indicating Contractor Switch (ICS)

No setting is required on the ACS unit” except
the selection of the 0.2 or 2.0 ampere tap setting.
This selection is made by conneciing ‘the lead lo-
cated in front of the tap bloek toithe desired setting
by means of the connectinggscrew. When the relay
energizes a 125 volt or, 250%volt d.c. type WL relay
switch, or equivalent, use,the®0.2 ampere tap. For
48 volt d.c. applicationS®set“I€S in 2 ampere tap and
use S#304C209G01 type WL\ relay coil or equivalent.

INSTALLATION

The gelays should be mounted on switchboard
panels or thedir equivalent in a location free from dirt,
moisture, “excessive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush mounting or by means of
the rear mpunting stud or studs for projection mount-
ing. Either a mounting stud or the mounting screws
mayabe utilized for grounding the relay. The elec-
trical connections may be made directly to the termi-
nals by means of screws for steel panel mounting or
the terminal studs furnished with the relay for thick
panel mounting. The terminal studs may be easily

removed or inserted by locking two nuts on the stud
and then turning the proper nut with a wrench.

For detailed FT Case information refer to I.L.
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory. Upon
receipt of the relay, no customer adjustments, other
than those covered under ‘‘SETTINGS,’”’ should be
required.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order:

A. Distance Unit (Z)

1. Connect the relay as shown in Fig. 9 with
the switch in position 2 and the trip circuit

deenergized.

2. Make the following tap settings:
TA = 11,5 TC = 2.55
SA = 2 S c=
Mp= -.03 Mg =~ .09
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TC link in middle block should be set for +T,
direction.

This setting corresponds to Zp = 23.7 ZC= 2.80

Adjust the phase shifter for 90° current lagging
the voltage.

3. With the terminal voltage at80 volts, increase
current until contacts just close. This current
should be within + 3% of 2.25 amp (2.32-2.18
amp.). This value corresponds to I.SZA set-
ting since the voltage as applied to terminals
4 and 5 is equivalent to 1.5V1N voltage, or

z ML 23.7 oh
= T — X = «( onms.
AT 1.5~ 2.25

4, Adjust phase shifter for 90° current leading
the voltage.

5. With the terminal veltage at 80 volts increase
current until contacts just close. This current
should be within + 3% of 19.0 amps. (19.6—
18.4 amps.) This value corresponds to 1.5Z,
setting for the same reason as explained above.

Contact Gap The gap between the stationary contact
and moving contact with the relay in deenergized
position should be approximately .040’’.

B. Directional Unit Circuit (D)

1. Connect the relay as shown in Fig. 9, with
the switch in position 1 and the trip ciréuit
deenergized.

2. Witha terminal voltage of 1volt and 5/ampetes
applied, turn the phase shifter t& 13°(current
leads voltage). The contacts shoudd be,closed.
This is the maximum torque,position.

3. Raise the voltage to 120 voltsyand“vary the
phase shifter to obtain thé two,angles where
the moving contact just makes with the right
hand contact. These g#wapangles (where tor-
que reverses) should, be where the current
leads the voltage“by 283° and 103°, + 4°.

4. Contact Gapl Thelgap between the stationary
contact and meving contact with the relay in
deenergized position should be approximately
.020".,

C. Undervoltage Circiiit

1. Connect the relay as shown in figure 9, with
switchwin position 2 and the trip circuit de-
energized.

2a,Decrease the voltage until the contacts close
to the left. This value should be 80+ 3% volts.
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D. Reactor Check

Apply 120 volts AC across terminal 6 and 7.
Measure voltage from terminal 6 to 4 and 7 t0"%s
These voltages should be equal to each other within
+ 1 volt.

Routine Maintenance

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

Repair Calibration

A. Auto-transformer.Cheek

Auto-transformers may be checked for turns ratio
and polarity by%applying a.c. voltage to terminals 4
and 5 and followingithe procedure below.

1) Set SAand Sc on tap number 3. Set the ‘“‘R’’
leads of M 5 and MC all on 0.0 and disconnect
the ‘“IiX’gleads. Adjust the voltage for 90 volts.
Measure voltage from terminal 5 to the tap #1 of
SA' It should be 30 volts (x1). From terminal 5
to/tap #2 of SA should be 60 volts. The same
procedure should be followed for taps #1 and
#2 of SC'

2) Set SA and SC on 1 and adjust the voltage at
the relay terminals for 100 volts. Measure volt-
age drop from terminals 5 to each of the My and
MC taps. This voltage should be equal to 100
(+ 1) plus the sum of values between R and tap
being measured. Example 100 (1 + .03 + .06) =
109 volts.

Transformers that have an output different from
nominal by more than 1.0 volt probably have
been damaged and should be replaced.

B. Distance Unit (Middle Unit) Calibration

Make following tap plate settings.
Ty =15.8; To =5.1

Sp = SC =1

Make M, =Mq = -.15 settings:

““L’’ lead should be connected to the ‘“O’’ insert

“‘R’’ lead should be connected to the upper ‘“.06"’
insert. (-.03-.06.06=-.15 between LL & R).

For the most accurate calibration preheat relay
for at least an hour by energizing terminals 5, 6
&7 with 120 volts, 3 phase.
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The links in the middle tap block should be set
for the +Tc direction.

1) Contact Gap Adjustment
The spring type pressure clamp holding the
stationary contact in position should not be loosened
to make the necessary gap adjustments.

With moving contact in the opened position, i.e.
against right stop on bridge, screw in stationary
contact until both contacts just make (use neon
light for indication). Then screw the stationary
contact away from the moving contact 1-1/3 turn
for a contact gap of .040".

2.) Sensitivity Adjustment

Using the connections of Fig. 9, apply 10
volts a.c. 90° leading, to terminals 4 and 5
pass .420 amperes through current circuit
(terminals 9 and 8). The spiral spring is to
be adjusted such that the contacts will just
close. Deenergize the relay. The moving
contact should return to open position
against the right hand stop.

C) Impedance Characteristic Check

1) Maximum Torque Angle

Adjust resistor Rg(mounted on the back of the
relay) to measure 8800 ohms. Applying 400 Vvolts a.c.
to terminals 5 and 4 and passing 5.2 amperes, thtough
the current circuit turn the phase shiffer ungil the
moving contact opens. Turn the phase /shifter back
(few degrees) until contacts closer Note degrees.
Continue to turn the phase shifter untilcontact opens,
then swing phase shifter backiuntilm€ontact closes
again. Note degrees. Thegmaximum torque angle
should be (+ 1°) computedias follows:

Degrees to Close @ontactsrat Left +
Degrees to Close Contacts at Right (6)
2

Adjust resistor Ry until the correct maximum-torque
angle is obtained.
2) Impedance Check

a. Adjust voltage to be 90 volts.
For current lagging 90° the impedance unit should
close its contacts at 3.12 — 3.35 amp.

Reverse current leads, the impedance unit should
clese its contacts at 9.7 — 10.3 amperes.

b. WReverse the links in the middle tap block to —Tc
position. Apply current of 10 amps. The contacts
should stay open. Reverse current leadsto original
position. The contacts should open when current

is increased above 9.7 — 10.3 amperes.

Set links back to +Tc position. (Change SA and
Sc to setting *“2’’. Keeping voltagegat 90 volts,
90° leading check pick-up current. It should be
1.56 — 1.68 amperes. Now set the phase shifter
so that voltage lags the current by 90°. Impedance
unit should trip now at/4.85s— 5.15 amperes.

c. Set TA =115, To'= 2.55, 85 =2, S = 1, My =
-.03 M-C = -.09. Set voltage at 90 volts leading
the current by 90°./Impedance unit should trip at
2.61—2.45 amp. Reverse current leads. Pickup
should be 20.8—22.1 amp.

Change SA, Sc = 3. Check pickup. It should be
6.95—7.35 amp. Reverse current leads. Pick-up
should beynow 1.74—1.63 amp.

D) Directional unit (Top Unit)

1)."Contact/Gap Adjustment

They spring type pressure clamp holding the
stationary contact in position should not be loosened
to'make the necessary gap adjustments.

With moving contact in the opened position, i.e.
against right stop on bridge, screw in stationary
contact until both contacts just make. Then
screw the stationary contact away from the mov-
ing contact 3/4 of one turn for a contact gap of
.22",

2) Sensitivity Adjustment

With reactor X having its core screwed out by
about 1/8 inch apply 1.00 volt to terminals 6 and 7.
Observing polarities as per schematic, and 5 amperes
current leading the voltage by 13°, the spiral spring
is to be adjusted such that the contacts will just
close. The adjustment of the spring is accomplished
by rotating the spring adjuster which is located on
the underside of the bridge. The spring adjuster has
a notched periphery so that a tool may be used to
rotate it. The spring type clamp holding the spring
adjuster should not be loosened prior to rotating the
the spring adjuster.

3) Plug Adjustment for Reversing of Spurious Torques

a. Set T = 0.0. Connect a heavy current lead from
Tp center link to terminal 8.

b. Short circuit terminals 6 and 7.

c. Screw in both plugs as far as possible prior to
starting the adjustment.

d. Apply 80 amps only momentarily, and the direc-
tional unit need not be cooled during initial rough

13
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adjustment. But, the directional unit should be
cool when final adjustment is made.

e. When relay contact closes move the left screw
out the right hand plug until spurious torque is
reversed.

f. When plug adjustment is completed check to see
that there is no closing torque when relay is
energized with 40 amps and voltage terminals
6 and 7 short-circuited.

4) Maximum Torque Angle Check

With 120 volts and 5 amperes applied, vary the
phase shifter to obtain the two angles where
the moving contacts just close. These two angles
(where torque reverses) should be where the
current leads the voltage by 283° + 4° and 103°
+ 1. Readjust the reactor Xdif necessary.

E) Undervoltage Unit (Lower Unit)

Note: The moving contact is in closed position
to the left when deengerized.

1) Contact Gap Adjustments
a) L.H. (Normally Closed) Contact Adjustment

With the moving contact arm in the closed posi-
tion, against left hand side of bridge, screw the
left-hand contact in to just touch the moving comn-
tact (use neon light for indication) and then con-
tinue for one more complete turn.

b) R.H. (Normally Open) Contact Adjustment

With moving contact arm against the left hafid
stationary contact screw the right handgstationary
contact until it just touches the moving ‘Gentact.
Then back the right hand contaet outiytwo-thirds
of one turn to give 0.020 inch contaet, gap:

2) Sensitivity Adjustment
a) Apply voltage to terminals™4 & 5. With the
adjustable resistor, which 4s located at the upper
left hand corner, set fopmaximum resistance (2500
ohms) adjust the spfing sopthat contacts make (to
the left) at 70 volts.4The contacts should open
when unit is energized with 71 or more volts.

b) Relay is shipped with 80 volts setting. This is
accomplished by lowering resistance value until
contacts make at 80 volts and open when unit is
energized with 81 or more volts. The spring should
not be uSed for this setting.

F) IndicatingaContactor Switch (ICS)

Close,.the main relay contacts and pass sufficient

14

d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should not'be
greater than the particular ICS tap settings being
used. The indcator target should drop freely.

G) Telephone Relay

Energize the telephone relay withg120,volts d-c.
The telephone relay should operate pesitively. With
an air gap of .003" — .004" the contacts“should not
close for approximately 15 cyclés after‘the relay is
de-energized.

H) Compensator Check

Accuracy of the mutual “impedance T of the
compensators is set within very close tolerances at
factory and should¢fiet change under normal condi-
tions. The mutual impedance of the compensators can
be checked with“accuraté instruments by the procedure
outlined below.

1. Set Tp “OR thenl5.8 tap
’I‘C on the 5.1 tap

2. Disconnect the L-leads of sections MA and MC

3.0 .Pass "0 amperes a.c. current in terminal 9 and
outfof terminal 8.

4. Measure the compensator voltage with an accurate
high resistance voltmeter (5000 ohms/ volt).

5. Compensator A-voltage should be checked be--
tween lead LA and terminal 5.

For TA = 15.8 the voltage measured should be 237
volts *+ 3%.

6. Compensator C voltage should be checked between
lead LC and the fixed terminal on the resistor
which is mounted in the rear.

For TC = 5.1, the voltage should be 76.5 volts (*
3%).

7. For all other taps the compensator voltage is
1.5IT (£ 3%)

where I - relay current
T - tap setting.

RENEWAL PARTS

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

Westinghouse I.L. 41-7488
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE KLF LOSS-OF-FIELD RELAY

CAUTION Before putting protective relays into ser-
vice, remove all blocking which may have been in-
serted for the purpose of securing the parts during
shipment, 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 KLFrelay is a single-phase relay connected
to the a-c side of a synchronous machine and contains
three units connected so that the operation of two
units sounds an alarm warning the operator of a low
excitation condition, and the additional operation of
the third unit sets up the trip circuit. The relay can
be applied without modification to all types of syn-
chronous machines.

CONSTRUCTION

The relay consists of two air-gap transformers
(compensators), two tapped auto-transformers, one
reactor, one cylinder-type distance anit, (directional
unit with adjustable reactor, ,an undervoltage unit
with adjustable resistor, telephone relays and an ICS
indicating contactor switch.

Compensator

The compensators which are designated Tp and
and TC are two-winding air, gap transformers (Fig. 2).
The primary or current»winding of the long-reach
compensator T 4 has\seven taps which terminate at
the tap block #Theyare®marked 2.4, 3.16, 4.35, 5.93,
8.3, 11.5, 15.8.4The“primary winding of the short-
reach compensator TC also has seven taps which
terminate at this #ap block. They are marked 0.0,
0.91, 1.27, 1.82, 2.55, 3.64, 5.1. A voltage is induced
in the secondary which is proportional to the pri-
mary,tap and“current magnitude. This proportionality
is established by the cross sectional area of the
laminated steel core, the length of an air gap which
iSalocated in the center of the coil, and the tightness
of the laminations. All of these factors which in-

SUPERSEDES I.L. 41-748A

fluence the secondary’ voltage proportionality have
been precisely set at thé factory. The clamps which
hold the laminations“should not be disturbed by either
tightening or loosening the clamp screws.

The secondarypwinding is connected in series
with the relay terminal voltage, Thus a voltage which
is proporfionalito the line current is added vectorially
to theyrelay terminal voltage.

Auto-Transformer

The auto-transformer has three taps on its main
winding, S, which are numbered 1, 2, and 3 on the tap
bloek. A tertiary winding M has four taps which may
be connected additively or subtractively to inversely
modify the S setting by any value from —15 to +15
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, .06, and .06.

The auto-transformer makes it possible to expand
the basic ranges of the long and the short reach com-

pensators by a multiplier of Any relay ohm

S
1+M°
setting can be made within + 1.5 percent from 2.08
ohms to 56 ohms for the long reach and from .79 ohms

to 18 ohms for the short reach.

Impedance Tripping Unit

The distance unit is a four pole induction cyl-
inder type unit. The operating torque of the unit is
proportional to the product of the voltage quantities
applied to the unit and the sine of the phase angle
between the applied voltages. The direction of the
torque so produced depends on the fault location
with respect to the balance point setting.

EFFECTIVE JUNE 1961
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Fig. 2 Compensator Construction

Mechanically, the cylinder unit is .egemposed of
four basic components: A die-cast aluminum,frame,
an electromagnet, a moving elementassembly, and a
molded bridge. The frame serves as{a mounting
structure for the magnetic coreg, The,magnetic core
which houses the lower pin bearinglis secured to the
frame by a locking nut. Thedearing can be replaced,
if necessary, without having“o remove the magnetic
core from the frame.

The electromagnetdhas two sets of two series
connected coils, mounted diametrically opposite one
another to exeite‘each“set of poles. Locating pins on
the electromagnet arefused to accurately position the
lower pin“beafing, 4Which is mounted on the frame,
with respect™ito s4#4he upper pin bearing, which is
threaded into the bridge. The electromagnet is se-
cured to the frame by four mounting screws.

The moving element assembly -consists of a
spiraly spring, contact carrying member, and an alu-
minum cylinder assembled to a molded hub which
holds the shaft. The hub to which the moving-contact
arm is clamped has a wedge-and-cam construction,

Fig. 3 Internal Schematic of Type KLF Relay in FT41 Case

to provide low-bounce contact action. A casual in-
spection of the assembly might lead one to think that
the contact arm bracket does not clamp on the hub as
tightly as it should. However, this adjustment is ac-
curately made at the factory and is locked in place
with a lock nut and should not be changed. Optimum
contact action is obtained when a force of 4 to 10
grams pressure applied to the face of the moving
contact will make the arm slip one-fourth of its total
free travel. Free travel is the angle through which
the hub will slip from the condition of reset to the
point where the clamp projection begins to ride up on
the wedge. The free travel can vary between 15° to
20°,

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

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
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Fig. 4 External Schématic of Type KLF Relay

the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. This/sta-
tionary contact has .002 to .006 inch follow which (is
set at the factory by means of the adjusting screw.
After the adjustment is made the screw"is sealed/in
position with a material which flows@around the
threads and then solidifies. The stationary contact
housing is held in position by a spring type clamp.
The spring adjuster is located onfthe underside of
the bridge and is attached to the ‘moving contact arm
by a spiral spring. The springradjuster is also held
in place by a spring type,clamp,

When contacts close, the electrical connection
is made through thetationary contact housing clamp,
to the moving contaet;/through the spiral spring and
out to the spring adjusterelamp.

Directional Unit

The directional unit is an induction cylinder
unit operating ‘on the interaction between the polariz-
ing circuit flux*and the operating circuit flux.

Mechanically, the directional unit is composed
of the,same basic components as the distance unit: A

die-cast aluminum frame, an electromagnet, a moving
element assembly, and a molded bridge.

The electromagnet has two series-connected
polarizing coils mounted diametrically opposite one
another; two series-connected operating coils mounted
diametrically opposite one another; two magnetic ad-
justing plugs; upper and lower adjusting plug clips,
and two locating pins. The locating pins are used to
accurately position the lower pin bearing, which is
threaded into the bridge. The electromagnet is se-
cured to the frame by four mounting screws.

The moving element assembly consists of a
spiral spring, contact carrying member, and an alu-
minum 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 with
the cylinder rotating in an air gap formed by the
electromagnet and the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
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the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by spiral spring. The spring adjuster is
also held in place by a spring type clamp.

Undervoltage Unit

The voltage unit is an induction-cylindér,unit.

Mechanically, the voltage unit is compeased like
the directional unit, of four componentsiy™A, diegase
aluminum frame, an electromagnet, a moving element
assembly, and a molded bridge.

The electromagnet hastwo padrs ofyveltage coils.
Each pair of diametrically opposed coils is connected
in series. In addition one ‘pair 1§,in series with an
adjustable resistor. These sets are in parallel as
shown in Fig. 3. The adjustable resistor serves not
only to shift the phase angle of the one flux with re-
spect to the other © praoduce torque, but it also
provides a pick-up adjustment.

Otherwisé the undervoltage unit is similar in its
construction to the directional unit.

Telephone Relay

The telephone relay (X) has a slow drop-out
characteristicy, When energized, the solenoid core
attracts an iron right-angle armature bracket which in
turmpopens the break contacts. In actual service, the
relayyis“normally energized holding the break con-
tacts“open. (Note: the make contacts are not used.)
Drop-out delay adjustment is obtained by varying
the air-gap between the armature and the core.
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Fig. 6 Effect of Compensator Voltages (Z_ is positive)

Indicating Contactor Switch Unit (ICS)

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

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

OPERATION

The relay is connected and applied to the system
as shown in Fig. 4. The directional unit closes its
contacts for lagging var flow into the machine. Its
zero torque line has been set at —13° from the R-axis.
Its primary function is to prevent operation of the
relay during external faults. The impedance unit
closes its contacts when, as a result of reduction in
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Fig. 7 Typical Machine Capacity Curves Plotted on a Per
Unit KVA Basis (183,500 KVA, 45% H2, 18KV, 0.9
pf, 0.64 SCR, inner-cooled, 3600 rpm.)

excitation, the impedance of the machine as viewed
from its terminals is less than a predetermined value.
The operation of both the impedance and directional
units sounds an alarm, and the additional operation
of the undervoltage unit trips the machine. As shown
in Fig. 4, the contacts of all three units are conx
nected in series across a telephone type relay desig=
nated X, which provides approximately 15 cycles
time delay on dropout before energizing the trip coil.
This time delay is to insure positive contact £oor-
dination under all possible operating conditioms.
During normal conditions, all contacts are open. The
relay will not trip on accidental losS” of ‘potential
under normal operating conditions.

Principle of Distance Unit Operatian

The distance unit is an inductiomycylinder unit
having directional characteristicst Operation depends
on the phase relationship between magnetic fluxes
in the poles of the electromagnet.

One set of oppositeypoles,sdesignated as the
operating poles are efergizediby voltage VlT modified
by a voltage derived from theyslong reach compensator
TA. The other set of ‘poles (polarizing) are energized
by the same voltage Vl’I‘ except modified by a voltage
derived from the short reach compensator Te- The
flux in the polarizing pole is so adjusted that the
unit closes ifs contacts whenever flux in the operat-
ing set of¢peles leads the flux in the polarizing set.

Thé Voltage ViT is equal to
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As shown in Fig. 4, one-half of V23 voltage is
physically derived in the relay at midtap of a reactor
connected across voltage V23.

Reach of the distance unit is determined by
compensators Ta and ’I‘C as modified by auto-trans-
former settings. Compensators Tp and T are de-
signed so that its mutual impedance ZA or ZC has
known and adjustable values as described below
under CHARACTERISTICS and SETTINGS. The
mutual impedance of a compensator is defined here
as the ratio of secondary induced voltage to primary
current and is equal to T. Each secondary compensa-
tor voltage is in series with the voltage VlT' Com-
pensator voltages are equal to 1.5Iy Zp forlong
reach compensator and 1.511 ZC for short reach
compensator, where I, is the relay current.

Fig. 5 shows how the compensation voltages
1.511Z 5 and 1.51 Z influence the R-X circle. Note
that Z 5 independently determines the ‘‘long reach”’,
while Z~ independently fixes the ‘‘short reach’’.
With the reversing links in the normal position (+ZC)
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the circle includes the origin; with the opposite link
position (—ZC) the circle misses the origin. The fol-
lowing paragraphs explain this compensator action.

Referring to Fig. 4 note that RB and CB cause
the polarizing voltage to be shifted 90° in the leading
direction. Thus, when the current is zero, polarizing
voltage Vpqp, leads the operating voltage Vop by
90°, as shown in Fig. 6(a). This relation produces
restraining torque. To illustrate how Z, fixes the
long reach, assume a relay current which leads VIN
by 90° and of sufficient magnitude to operate the
relay. This means the apparent impedance iz along
the —X axis. Note in Fig. 6(b) that the ZA compen-
sation reverses the operating voltage phase position.
The relay balances when this voltage is zero. Note
that this balance is unaffected by the ZC compensa-
tion, since this compensation merely increases the
size of Vp(r,.

For lagging current conditions note in Fig. 6(c)
how VoL, is reversed by the Zeo compensation. In
this case the Zp compensation has no effect on the
balance point. This explains why the short reach
point is fixed independently by ZC.

Fig. 6 assumes that ZC is positive (cir€le,in-
cludes origin). If the current coil link is geversed,
the compensation becomes +1.51, Zo. In Figd 6(b)
this change would result in, VPoL beingyredueed
rather increased by the compensation. Asmthe current
increases VpPoL will finally be reversed, reestablish-
ing restraining torque. Thus, the current,_need not
reverse in order to obtain a ‘‘short-rea¢h’’ balance
point. Instead the apparent impedance’ need only
move towards the origin in the (—X region to find the
balance point. Therefore, thercirele does not include
the origin with a reversed link%position.

CHARACTERISTICS

The type KLF telay is available in one range.

Distance Uni#

The distance umit can be set to have charac-
teristic circlesythat pass through origin, include it,
or exclude it, as shown in Fig. 5.

The Z, and Z values are determined by com-
pensator settings and modified by autotransformer
settings, S, L, and R. The impedance settings in
ohms)reach can be made for any value from 2.08 to
56 ohms for Zp , and from 0.79 ohm to 18 ohms for Z¢
insteps of 3 percent.

The taps are marked as follows:

Ta
2.4, 3.16, 4.35, 5.93, 8.3, 11.5, 15.8

Tc

0.0, 0.91, 1.27, 1.82, 2.85, 3.64, 5.1

(Sp. Sc)

1 2 3

(M, M)

+ values between taps .03, .06, .06

Dirgctional Unit

ThedKLF relay is designed for potential polari-
Zation with an internal phase shifter, so that maximum
torque occurs when the operating current leads the
buiarizing voltage by approkimately 13 degrees. The
minimum pickup has been set by the spring tension to
be approximately 1 volt and 5 amperes at maximum
torque angle.

Undervoltage Unit

The undervoltage unit is designed to close its
contacts when the voltage is lower than the set value.
The undervoltage unit is energized with Vyp-voltage.
This voltage is equal to 1°5V1N voltage. The con-
tacts can be adjusted to close over the range of 65
to 85 percent of normal system voltage. The dropout
ratio of the unit is 98 percent or higher.

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d.c. and the seal-in contacts of the
indicating contactor switch will safely carry this
current long enough to trip a circuit breaker.

The indicating contactor switch has two taps
that provide a pick-up setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant
Indicating Contactor Switch (ICS)

0.2 ampere tap - 6.5 ohm d-c resistance
2.0 ampere tap - 0.15 ohm d-c resistance
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Burden
Current
@5 amps, 60 cycles
Tp & Tc ANGLE
SETTINGS VA OF LAG
MAX. 18.6 T7e
MIN. 3.8 51e
Potential
@ 120 volts, 60 cycles
Phase AB Phase BC
ANGLE ANGLE
Sa =S¢ VA OF LAG VA OF LAG
1 18.0 2° 2.6 12°
2 14.4 31° 5.9 38°
3 13.9 39° 6.6 420
D-C Circuit
RATING WATTS @ RATED
125 3.9
250 7.8

Thermal Ratings

Potential: 132 volts (L-L) continuous

Current: 8 amperes continuous

200 amperes for 1 second

SETTINGS CALCULATIONS

Distance Unit

Set the distance unitto operate before the steady-
state stability limit is exceeded. Also, to%allowgmaxi-
mum output without an alarm, set the distanceyunit to
allow the machine to operate at maximum hydrogen
pressure and 0.95 per unit voltage (lewest voltage
for which the capability curve fapplies). Where the
maximum capability of the machineycannot be realized
without exceeding the steafly-state stability limit,
set the distance unit to,operate /before the steady-
state limit is exceef@ed. “@apability curves similar
to Fig. T are obtaingd from the generator manufacturer.

To determine the“idésired setting convert the
capability curve of Fig. 7 to the impedance curve of
Vo 2,

Fig. 8 by calculating where Vr is the per

(KVA)C

unit terminalwoltage and (KVA)C is the per unit out-
put.CIfythe capability curve is a circle the radius rl

and offset C1 of the inverse circle (VT = 1) can be
calculated as follows:

Cl CC 0

= 7 -7 (2)
c?-Re

R - 7 & 2 (3)
C” -Rc

where ¢l = distance of capability - circle cen-
ter from origin of R-X diagram.

Rl = radius of capability circle on R-X
diagram.

C . # distance of power-circle center from
origin.

RC ="tadius of power circle

6 =) offset angle

Afterplotting the steady-state stability limit and
the machine capability curves on the R-X diagram,
plot the Telay circle between the stability limit and
thé capability curve. (Note in Fig. 8 that the relay
cirecle cannot be plotted within the 60# — Vo = 0.95
curve, since the machine is beyond the steady-state
stability limit for these conditions.) This plot defines
the desired reach ZA and radius R of the relay
circle. Then use the following procedure to select
tap settings.

1000 (kv)2 R¢
(kva) Rv

Zpase = ohms

where
zbase = one per unit primary ohms/as
seen from the relay
rated phase-to-phase voltage of
the machine.

kv

kva =rated kva of the machine

Rc = the current transformer ratio.

Rv = the potential transformer ratio.

The actual settings, ZA and zc. are:
ZA = (ZA per unit) x (Zbase)

ZC = (ZC per unit) x (Zbase) =
(2R—=Z,) x (Zpase)
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where R =radius of circle in per unit.

The tap-plate settings are made according
to equations:

Zp(or Zp) = (5)

1+M
where:

T = compensator tap value.

S = auto-transformer primary tap val-
ue.

M = auto-transformer secondary tap
value.

(M is a per-unit value determined by taking 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).

The following procedure should be followed to ob-
tain an optimum setting of the relay:

1. Select the lowest tap S which give a product
of 18.68A greater than desired ZA and a pro-
duct of GSC greater than desired Ze.

2. Selecta valuwe of M that will most nearly make
it equal to:
TS

V4

If the sign is negative, then the M taps are “connected
with the R lead above the L lead to‘taise/the setting.

Sample Calculations

Assume that a KLF relay is‘te be applied to the
following machine:

3-phase, 60 cycles,; 3600 rpm, 18 kv, rated at
0.9 pf, 183,500 KVA,at 45#H2.

R, = 1400/1 Ry = 150/1

If the recommended setting from Fig. 8 is used:

ZA perfunit £1.68

ZC per unit = 2R — ZA =2x0.94-1.68 =0.20

2
1000 (kv) Fe

1000 x (18) 2 x 1400 16 45
(kva)R, B

183,500 x 150 ohms

(1) Zpgse =

(20,2, = Z s(per unit) (Zy, ) = (1.68) (16.45) = 27.6 ohms

@) Z = Z o (per unit)(Zp, ) =(0.20) (16.45) = 3.29 ohms

To set ZA =27.6

Step 1: The lowest tap Sa for 18.5 SA greater than
ZA =27.6 is 2. Set Sp in tap 2.

Step 2: Tp nearest to 27.6 = 13.8 is Ty = 15.8
2
Set TA in 15.8 tap

TaSp 15. 8yx/2

Z 27.6
1.145 —1 = + 145

Set M = + .15. PlacedR lead in 0, L lead in upper
.06. The relay sétting is?now:

Step 3: MA=

Ta®s  158x2  31.6
Actual ZA e = =

e M 1+0.15 1.15
This is 99.4% of the desired setting.

To se! ZC =13.29 obms:

=27.5

Stepnl: W\ The lowest tap S for 6S greater than 3.29 is
5c = L

Set SC =1

Step 2: TC nearest to 3.29 = 3.29 is 3.64
1

Set TC in 3.64 tap.
TeSc 3.64 x 1

Step 3: MC: -1=—-1=1107T -1 =
ZC 3.29

+.107

Hence, the nearest M ~ value is + .12. Now set
R lead in 0.03 tap and L lead in the upper .06
tap.

(Since Mc has plus sign, lead L must be over R.)

TcSc  364x1

(1Mg) 1+.12
98.8% of the desired value.

Then, ZC= = 3.25 ohms, or

Undervoltage Unit

The undervoltage unit is usually set to a value
corresponding to the minimum safe system voltage
for stability. This voltage depends upon system
constants and is usually between 70 and 80 percent.
A higher value could be used if it is desired to trip
the machine sooner upon loss of field. The under-
voltage unit is set at the factory for 77 percent of
system voltage, or 80 volts. The desired voltage set-
ting is computed by taking the desired percentage
of voltage VIT = 1.5V IN*
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Note: An electrical check of this particular setting
is outlined in this instruction leaflet, under the head-
ing ‘‘Acceptance Check’’.

SETTING THE RELAY

The type KLF relay requires a setting for each
of the two compensators TA and TC, for each of the
two auto-transformers, primaries SA and SC, and for
the undervoltage unit.

Compensator (TA and T¢)

Each set of compensator taps terminates in in-
serts which are grouped on a socket and form approxi-
mately three quarters of a circle around a center
insert which is the common connection for all 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 cofi-
nector screws carry operating current, be sure4that
the screws are turned to bind snugly.

Compensator TC requires an additional setting
for including or excluding the origin of R-X"diagram
from the distance unit characteristic.gIf the desired
characteristic is similar to that shown“en Fig. 5b,
the links should be set vertically in ¢he + TC arrow
direction. If a characteristic similarfto that shown in
Fig. 5c is desired, set links horizentallysin the - Te
arrow direction.

Auto-Transformer Primary (SA dnd SC)

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

An S setting is made by removing the connector
screw, placingythe connector in position over the in-
sert of thelydesired setting, replacing and tightening
the connecétor screw. The connector should never
makepelectrical contact with more than one tap at a
time.
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Auto-Transformer Secondary (MA and MC)

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

Values for which an M setting can be made are
from —.15 to + .15 in steps ofm03.9The value of a
setting is the sum of the numbershthat 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 highemposition on the tap plate.
The sign is positive/(+)Wif the L lead is higher and
negative (=) if the Rlead is higher.

An M setting mayibe made in the following man-
ner: Remove the connector screws so that the L and R
leads are free. ‘Determine from the following table
the desirédgM WValue and tap positions. Neither lead
connéctor ‘should make electrical contact with more
than gneitap at a time.

Tabulated Settings

Z M L Lead R Lead
0.8%4TS +.15 Upper .06 0
0.89 TS +.12 Upper .06 .03
0.92 TS +.09 Lower .06 0
0.94 TS + .06 Upper .06 Lower .06
0.97 TS +.03 .03 0

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

Undervoltage Unit

The voltage unit is calibrated to close its con-
tact when the applied voltage is reduced to 80 volts.
The voltage unit can be set to close its contacts
from 70 volts to 90 volts by adjusting the resistor
located next to the directional unit (to the left of
the upper operating unit). The spiral spring is not
disturbed when making any setting other than the
calibrated setting of 80 volts.

Directional Setting

There is no setting to be made on directional
unit.
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KLF RELAY (FRONT VIEW)
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Fig. 9 Diagrafm ofd\T est . Connections for KLF Relay

Indicating Contractor Switch (ICS)

No setting is required on the ICS_unit, except
the selection of the 0.2 or 2.0 ampefe tap, setting.
This selection is made by connecting the/lead lo-
cated in front of the tap block to the desired setting
by means of the connecting “screw. When the relay
energizes a 125 volt or 250 velt“d.c. type WL relay
switch, or equivalent, use the 0.2 “ampere tap. For
48 volt d.c. applications set,ICS%in 2 ampere tap and
use S#304C209G01 typegWL relay coil or equivalent.

INSTALCEATION

The relaysWshouldsbe mounted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excéssive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush mounting or by means of
the rear mounting stud or studs for projection mount-
ing. Eitherqa mounting stud or the mounting screws
may)be utilized for grounding the relay. The elec-
trical connections may be made directly to the termi-
nals by means of screws for steel panel mounting or
the terminal studs furnished with the relay for thick
panel mounting. The terminal studs may be easily

‘removed or inserted by locking two nuts on the stud
and then turning the proper nut with a wrench.

For detailed FT Case information refer to I.L.
41-0176.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory. Upon
receipt of the relay, no customer adjustments, other
than those covered under ‘‘SETTINGS,’”’ should be
required.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order:

A. Distance Unit (Z2)

1. Connect the relay as shown in Fig. 9 with
the switch in position 2 and the trip circuit

deenergized.

2. Make the following tap settings:
TA = 11.5 TC = 2.55
SA =2 S c=
MA= -.03 MC=—-09
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TC link in middle block should be set for +T,
direction.

This setting corresponds to Zp= 23.7 ZC =2.80

Adjust the phase shifter for 90° current lagging
the voltage.

3. With the terminal voltage at80 volts, increase
current until contacts just close. This current
should be within *+ 3% of 2.25 amp (2.32-2.18
amp.). This value corresponds to 1.5ZA set-
ting since the voltage as applied to terminals
4 and 5 is equivalent to 1.5VIN voltage, or

. ViN 80 1
T — = e— x —
AT 1.5 = 2.25
4. Adjust phase shifter for 90° current leading
the voltage.

= 23.7 ohms.

5. With the terminal vecltage at 80 volts increase
current until contacts just close. This current
should be within + 3% of 19.0 amps. (19.6—
18.4 amps.) This value corresponds to 1.52c
setting for the same reason as explained above.

Contact Gap The gap between the stationary contact
and moving contact with the relay in deenergized
position should be approximately .040'’.

B. Directional Unit Circuit (D)

1. Connect the relay as shown in Fig. 9, aith
the switch in position 1 and the trip circuit
deenergized.

2. Witha terminal voltage of 1volt and 5 amperes
applied, turn the phase shifter to 13° (current
leads voltage). The contacts shéuld be closed.
This is the maximum torque position.

3. Raise the voltage to 120 oltsiand vary the
phase shifter to obtain the €we angles where
the moving contact just makes with the right
hand contact. These two)angles (where tor-
que reverses) should™be where the current
leads the voltage bys#283° and 103°, + 4°.

4. Contact Gap4The gap between the stationary
contact and moving contact with the relay in
deenergized'position should be approximately
.020".

C. Undervoltage Circuit

1. Connect the‘relay as shown in figure 9, with
switch, in position 2 and the trip circuit de-
energized.

24, Deecrease the voltage until the contacts close
te the left. This value should be 80+ 3% volts.
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D. Reactor Check

Apply 120 volts AC across terminal 6 andwT:
Measure voltage from terminal 6 to 4 and 7(to 4!
These voltages should be equal to each other within
+ 1 volt.

Routine Maintenance

All contacts should be periodically cleaned. A
contact burnisher S#182A836H04, is \reéommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding small particles” in the face of
the soft silver and thus impairingithe contacts.

Repair Calibration

A. Auto-transformer Check

Auto-transformers may be checked for turns ratio
and polarity, by @pplying a.c. voltage to terminals 4
and 5 and following the procedure below.

1) Set SAand SC on tap number 3. Set the “R’’
leads of MA and MC all on 0.0 and disconnect
the ‘‘I.%) leads. Adjust the voltage for 90 volts.
Measure, voltage from terminal 5 to the tap #1 of
SA' It should be 30 volts (+1). From terminal 5
to tap #2 of SA should be 60 volts. The same
procedure should be followed for taps #1 and
#2 of SC.

2) Set SA and Sc on 1 and adjust the voltage at
the relay terminals for 100 volts. Measure volt-
age drop from terminals 5 to each of the MA and
MC taps. This voltage should be equal to 100
(+ 1) plus the sum of values between R and tap
being measured. Example 100 (1 + .03 + .06) =
109 volts.

Transformers that have an output different from
nominal by more than 1.0 volt probably have
been damaged and should be replaced.

B. Distance Unit (Middle Unit) Calibration

Make following tap plate settings.
TA =15.8; TC =5.1

Sp = SC =1

Make M, =Mq = - 15 settings:

““L’’ lead should be connected to the “‘O’’ insert

“'R’’ lead should be connected to the upper ‘.06’
insert. (-.03-.06.06=-.15 between LL & R).

For the most accurate calibration preheat relay
for at least an hour by energizing terminals 5, 6
&7 with 120 volts, 3 phase.
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The links in the middle tap block should be set
for the +Tc direction.

1) Contact Gap Adjustment
The spring type pressure clamp holding the
stationary contact in position should-not be loosened
to make the necessary gap adjustments.

With moving contact in the opened position, i.e.
against right stop on bridge, screw in stationary
contact until both contacts just make (use neon
light for indication). Then screw the stationary
contact away from the moving contact 1-1/3 turn
for a contact gap of .040".

2.) Sensitivity Adjustment

Using the connections of Fig. 9, apply 10
volts a.c. 90° leading, to terminals 4 and 5
pass .420 amperes through current circuit
(terminals 9 and 8). The spiral spring is to
be adjusted such that the contacts will just
close. Deenergize the relay. The moving
contact should return to open position
against the right hand stop.

C) Impedance Characteristic Check

1) Maximum Torque Angle

Adjust resistor Rg(mounted on the back of the
relay) to measure 8800 ohms. Applying 100 voltsfa.c.
to terminals 5 and 4 and passing 5.2 amperes;, through
the current circuit turn the phase shifter, until the
moving contact opens. Turn the phase/ shifter, back
(few degrees) until contacts close._Note degrees.
Continue to turn the phase shifter unfil contact opens,
then swing phase shifter back untiljcontact closes
again. Note degrees. The madximum torque angle
should be (+ 1°) computed as _follows:

Degrees to Close Contacts,at Left +
Degrees to Close Contacts at Right (6)
2

Adjust resistor Ry untilthe correct maximum-torque
angle is obtadined,
2) Impedance Check

a. Adjust voltagedo be 90 volts.
For current lagging 90° the impedance unit should
close its contacts at 3.12 — 3.35 amp.

Reverse current leads, the impedance unit should
close its contacts at 9.7 — 10.3 amperes.

b. Reverse the links in the middle tap block to =T,
position. Apply current of 10 amps. The contacts
should stay open. Reverse current leads to original
position. The contacts should open when current

is increased above 9.7 — 10.3 amperes.

Set links back to +Tc' position. ChangegS , and
Sc to setting ‘‘2’’. Keeping voltagejat 90 volts,
90° leading check pick-up current. It should be
1.56 — 1.68 amperes. Now set the phase shifter
so that voltage lags the current by 90°. Impedance
unit should trip now at 4.85%— 5.15 amperes.

c. Set Ty = 11.5, T = 2.55775, /= 2, 8¢ = 1, My =
-.03 M-C = -.09. Set voltage at 90 volts leading
the current by 90°4Tmpedance unit should trip at
2.61—2.45 amp. Reverse current leads. Pickup
should be 20.8—22y1 amp.

Change SA' SC = 3. Check pickup. It should be
6.95—17.354amp. Reverse current leads. Pick-up
should bé%now 1.74—1.63 amp.

D) Directional unit (Top Unit)

1) Coentact Gap Adjustment

The9spring type pressure clamp holding the
statienary contact in position should not be loosened
to make the necessary gap adjustments.

With moving contact in the opened position, i.e.
against right stop on bridge, screw in stationary
contact until both contacts just make. Then
screw the stationary contact away from the mov-
ing contact 3/4 of one turn for a contact gap of
.22",

2) Sensitivity Adjustment

With reactor X having its core screwed out by
about 1/8 inch apply 1.00 volt to terminals 6 and 7.
Observing polarities as per schematic, and 5 amperes
current leading the voltage by 13°, the spiral spring
is to be adjusted such that the contacts will just
close. The adjustment of the spring is accomplished
by rotating the spring adjuster which is located on
the underside of the bridge. The spring adjuster has
a notched periphery so that a tool may be used to
rotate it. The spring type clamp holding the spring
adjuster should not be loosened prior to rotating the
the spring adjuster.

3) Plug Adjustment for Reversing of Spurious Torques

a. Set T = 0.0. Connect a heavy current lead from
Tp center link to terminal 8.

b. Short circuit terminals 6 and 7.

c. Screw in both plugs as far as possible prior to
starting the adjustment.

d. Apply 80 amps only momentarily, and the direc-
tional unit need not be cooled during initial rough
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adjustment. But, the directional unit should be
cool when final adjustment is made.

e. When relay contact closes move the left screw
out the right hand plug until spurious torque is
reversed.

f. When plug adjustment is completed check to see
that there is no closing torque when relay is
energized with 40 amps and voltage terminals
6 and 7 short-circuited.

4) Maximum Torque Angle Check

With 120 volts and 5 amperes applied, vary the
phase shifter to obtain the two angles where
the moving contacts just close. These two angles
(where torque reverses) should be where the
current leads the voltage by 283° + 4° and 103°
+ 1. Readjust the reactor X 4if necessary.

E) Undervoltage Unit (Lower Unit)

Note: The moving contact is in closed position
to the left when deengerized.

1) Contact Gap Adjustments
a) L.H. (Normally Closed) Contact Adjustment

With the moving contact arm in the closed posi-
tion, against left hand side of bridge, screw the
left-hand contact in to just touch the moving con=
tact (use neon light for indication) and then con-
tinue for one more complete turn.

b) R.H. (Normally Open) Contact Adjustment

With moving contact arm against thefleft siand
stationary contact screw the right hand‘stationary
contact until it just touches the meving contact.
Then back the right hand contactiout two-thirds
of one turn to give 0.020 inch contactigap.

2) Sensitivity Adjustment
a) Apply voltage to terminals 4)& 5. With the
adjustable resistor, which™is) located at the upper
left hand corner, sef, for maximum resistance (2500
ohms) adjust the spring, sonthat contacts make (to
the left) at 704volts. The contacts should open
when unit is energized with 71 or more volts.

b) Relay is shippediwith 80 volts setting. This is
accomplished by lowering resistance value until
contacts make at 80 volts and open when unit is
energized with 81or more volts. The spring should
not be used for this setting.

F) Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
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d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current sliould no¥ be
greater than the particular ICS tap settings| \being
used. The indcator target should drop freely.

G) Telephone Relay

Energize the telephone relay withy 120 volts d-c.
The telephone relay should operate positively. With
an air gap of .003" — .004" the“Gentaets§ should not
close for approximately 15 cyecles after the relay is
de-energized.

H) Compensator Check

Accuracy of themmutwal® impedance T of the
compensators is sef!within,very close tolerances at
factory and should neot, change under normal condi-
tions. The mutual impedance of the compensators can
be checkedwith ac¢curate instruments by the procedure
outlined below.

1. Set TA on,the 15.8 tap
TC on,the 5.1 tap

2. Disconnect the L-leads of sections MA and MC

3. /Pass 10 amperes a.c. current in terminal 9 and
out of terminal 8.

4. Measure the compensator voltage with an accurate
high resistance voltmeter (5000 ohms/ volt).

5. Compensator A-voltage should be checked be--
tween lead LA and terminal 5.

For TA = 15.8 the voltage measured should be 237
volts + 3%.

6. Compensator C voltage should be checked between
lead L ~ and the fixed terminal on the resistor
which is mounted in the rear.

For TC = 5.1, the voltage should be 76.5 volts (+
3%).

7. For all other taps the compensator voltage is
1.5IT (* 3%)

where I - relay current
T - tap setting.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to the customers who are equipped for
doing repair work. When ordering parts, always give
the complete nameplate data.
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Fig. 10 Outline and Drilling Plan for the Type KLF Relay in the FT41 Case.
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