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Westinghouse I.L. 41-748.1 D 

INSTALLATION • OPERATIOt-f • MAIN TENANCE 

I N S T R U C T I O N S 
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 sets up the 
trip circuit. The relay can be applied without 
modification to all types of synchronous 
machines, such as turbo-generator, water wheel 
generator or synchronous condensers. 

This relay is designed for circuits using 4 wire 
wye-connected voltage transformers. Separate 
phase to ground voltages applied to the directional, 
impedance and under-voltage elements, thus 
minimizing the chance of false operation due to in­
advertent loss-of-potential (such as due to a blown 
potential fuse). On circuits with 3-phase 3-wire 
connected voltage transformers, the type KLF 
relay is used. 

CONSTRUCTION 

The relay consists of two air-gap transformers 
(compensators), two tapped auto-transformers, 
one reactor, 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 which are designated T A and 
T c are two-winding air gap transformers (Fig. 2). 
The primary or current winding of the long-reach­
compensator T A has seven taps which terminate 
at the block. They are marked 2.4, 3. 16, 4.35, 5.93, 
8.3, 1 1.5, 15.8. The primary winding of the short-

, reach compensator T c also has seven taps which 
terminate at this tap block. They are marked 0.0, 
0.9 1, 1.27, 1.82, 2.55, 3.64, 5.1. A voltage is in­
duced in the secondary which is proportional to 
the primary tap and current magnitude. This pro­
portionality 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. 1. Type KLF-1 Relay 
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P R I M AR Y  -LA M I N AT E D  

C O R E  

185Al81 
Fig. 2. Compensator Construction 

per unit values between the R and L lead. The ac­
tual per unit values which appear on the tap plate 
between taps are 0., .03, .06, and .06. 

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

compensators by a multiplier of 
1 
: 

M 
. Any re­

lay 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. 

IMPEDANCE TRIPPING UNIT 

The distance unit is a four pole induction 
cylinder 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 
impedence vector seen by the relay with respect to 
its characteristic circle. 

TELEPHONE RELAY 

IMDICATIIIG 
CONTACTOR 
SWITCH 

FRONT VIEW 

187A724 
0 Fig. 3. Internal Sch�matic 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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PHASE R O TATION A , B,C 
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DC TRIP BUS 

·DEVICE NUMBER CHART 

40· LOSS OF FIELD RELAY, T YP E  KLF -I 
D- DIRECTIONAL UNIT IN T YPE KLF-1 

ICS- INDICATING CONTACTOR SWITCH IN 
TYPE KLF-1 RELAY 

T A - LONG REACH COM PENSATOR 
T C - SHORT REACH COMPENSATOR 
V- VOLTAGE UNIT IN TYPE KLF-1 RELAY 

SYSTEM R-X DIAGRAM 

��·J'• 
DISTANCE UNIT VECTORS 

FOR 100% P.F. GENERATOR OUTPUT 

CONTACT CLOSES 

X - TELEPHONE RELAY IN TYPE KLF-1 RELAY 
Z- IMPEDANCE UNIT iN TYPE KL F-1 RELAY 

43- ON-OFF CUT-OUT SWITCH 
VBG (REF.I 

X- DENOTES CONTACTS CLOSED 

52- POWER CIRCUIT BREAKER 
a.·BREAKER AUX. SWITCH 
TC·BREAKER TRIP COIL 

DIRECTIONA L  UNIT VECTORS 
FOR 100% P.F. GENERATOR OUTPUT 

2928471 
O Fig. 4. External Schematic of Type KLF-1 Relay 

aluminum cylinder assembled to a molded hub 
which holds the shaft. The hub to which the 
moving-contact arm is clamped has a wedge-and­
cam construction, to provide low-bounce contact 
action. A casual inspection of the assembly might 
lead one to think that the contact arm bracket 
does not clamp on the hub as tightly as it should. 
However, this adjustment is accurately made at 
the factory and is locked in place with a lock nut 
and should not be changed. Optimum contact ac­
tion 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 a� 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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+X +X 
+ zc 

I 
-X -X 

(a) WITH Zc • 0 (b) WITH Zc > 0 

+X 

-zc 

-R +R 

-X 

(C) WITH Zc < 0 

185A182 
0 Fig. 5. R-X Diagram Characteristics with Various Zc Compen­

sator Settings 

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. 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 adjusting plugs; upper and lower ad­
justing 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 secured to the frame 
by four mounting screws. 

The moving element assembly consists of a 
spiral spring, contact 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. 

CONTACT CLOSES/' 
V0p ,-E,-t-( ...,__--;;.,VAG I \ 1 ·1 

188A320 
0 Fig. 6. Effect of Compensator Voltages (Zc is positive) 

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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PER UNIT KW 

1.0 1.2 � "' 
.... > 
;:: -.2 � .... a: 
f--z ::> 
a: w "-

r: U_ 1 _j_____i__ 
TYPICAL MACHINE CAPABILITY CURVES PLOTTED ON A PER UNIT KVA BASIS 

185Al83 
Fig. 7 .  Typical Machine Capacity Curves Plotted o n  a Per Unit 

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

connected in series. In addition one pair is in serie:i 
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 reldy (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 relay is normally energized holding 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 de indicating contactor switch is a small 
clapper-type device. 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 
moving contacts bridge two stationary contacts, 
completing the trip circuit. Also during this opera-

6 

RESISTANCE IN PER UNIT 

TYPICAL MACHINE CAPABILITY CURVES AND 
SAMPLE �f RELAY SETTING, PLOTTED ON 

A PER UNIT IMPEDANCE BASIS 

185A184 
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 o 

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 
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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 po�sible 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 V AO 

0 modified by a voltage derived from the long reach 
compensator T A. The other set of poles (polariz-

0 ing) are energized by the same voltage V AO except 
modified by a voltage derived from the short reach 
compensator T c: The flux in the polarizing pole 
is so adjusted that the unit closes its contacts 
whenever flux in the operating set of poles leads 
the flux in the polarizing set. 

Reach of the distance unit is determined by 
compensators T A and T c as modified by auto­
transformer settings. Compensators T A and T c 
are designed so that its mutual impedance ZA or 
Zc has known and adjustable values as described 
below under CHARACTERISTICS and SET­
TINGS. 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 compensator voltage is in series 
with voltage V AO· Compensator voltages are 

0 equal to IAZA for long reach compensator and 
lAZe for short reach compensator, where I, is 
the relay current. 

Fig. 5 shows how the compensation voltages 
0 IAZA and lAZe 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 (- Zc) the circle misses 
the origin. The following paragraphs explain this 
compensator action. 

Referring to Fig. 4 note that Xc and Cc cause 
the polarizing voltage to be shifted 90° in the lead­
ing direction. Thus, when the current is zero, 
polarizing voltage V POL leads the operating volt­
age Vop by 90°, as shown in Fig. 6(a). This rela­
tion produces restraining torque. To illustrate how 
ZA fixes the long reach, assume a relay current 

0 which leads V AO by 90° and of sufficient magni­
tude to operate the relay. This means the apparent 
impedance is along the -X axis. Note in Fig. 6(b) 
that the ZA compensation reverses the operating 
voltage phase position. The relay balances when 
this voltage is zero. Note that this balance is un­
affected by the Zc compensation, since this com­
pensation 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 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
includes origin). If the current coil link is reversed, 
the compensation becomes +Zc - In Fig. 6(b) this 
change would result in, VpoL being reduced rather 
increased by the compensation. As the current in­
creases V POL 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. 5. 
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TYPE KLF-1 RELAY------------------------------------------------------------

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 56 ohms for Z A• and from 0. 7g ohm to 18 ohms 
for Zc in steps of 3 percent. 

The taps are marked as follows: 

TA 
2.4, 3.16, 4.35, s.g3, 8.3, 11.5, 15.8 

Tc 

0.0, o.g l ,  1.27, 1.82, 2.55, 3 .64, 5.1 

(SA, Sc) 

1, 2, 3 

MA, Me) 

± 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 5 ampere 
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 
VPH.3-N· The contacts can be adjusted to close 
over the range of 60 to 100 percent of normal sys­
tem voltage. The actual range of adjustment is 40 
to 70 V L-N. The dropout ratio of the unit is g8 
percent or higher. 

TRIP CIRCUIT 

The main contacts will safely close 30 amperes 
at 250 volts de and the seal-in contacts of the in­
dicating 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 

8 

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 de resistance 
2.0 ampere tap - 0.15 ohm de resistance 

BURDEN 

Current 
@5 amps, 60 Hertz 0 

TA&Tc 
SETTINGS 

MAX. 
MIN. 

ANGLE 
VA OF LAG 

12.05 58° 
4.17 36° 

Potential 
@ 6g volts, (Phase-To-Ground) 60 Hertz 0 

Phase 1 S = 1 6.1 VA at go current lag 

S = 2 1.5 VA at go current lag 

Phase 2 

Phase 3 

s = 3 

RATING 

125 
250 

0. 7 VA at go current lag 

3.18 VA at 48° current lag 

2.76 VA at 43° current lag 

DC Circuit 

WATTS@ RATED 

3.g 
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 o.gs 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 

Fig. 8 by calculating where VT 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# H2 curve is -0.4 per unit re­
active K VA. Therefore, 

[ CKVA)c l= -v"o.62 + (-0.4)2 = 0.715 per unit 

1 ( -0.4 ) 0 and e = tan - -- = -33.6° ' 
0.6 

Converting to the impedance curve: 

yT
2 1.02 

Z = 
(KVA) 

= 
0.715 = 1.4 per unit 

c 

Since the angle remains the same, the imped­
ance plot conversion is: 

Z = 1.4 1-33.6°, as shown in Fig. 8. 

After plotting the steady-state stability limit 
and the machine capability curves on the R-X dia­
gram, 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 pro­
cedure to select tap settings. 

Z 
1000 (kv)2 Rc ohms base = 

(kva) Ry 

where 
Zbase = one per unit primary ohmsjas 

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, Z A and Zc are: 

ZA = (ZA per unit) x (Zbase) 

Zc = (Zc per unit) x (Zbase) = 

(2R-ZA) x (Zbase) 

where R = radius of circle in per unit. 

The tap-plate settings are made according to 
equations: 

where: 

ZA (or Zc) = 
TS 

(5) 
1 ± M 

T = compensator tap value 

S = 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: 

l. Select the lowest tap S which give a product 
of l8.6SA 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 = �s -1. 
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TYPE KLF-1 RELAY------------------------------

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# H2. 

Rc = 1400/1 Rv = 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 

Zc per unit= 2R- ZA = 2 x 0.94- 1.68 = 0.20 

1000(kv)2Rc = 
1000 X (18)2 X 1400 

( 1) Zbase = ------=-(kva)Rv 183,500 x 150 

= 16.45 ohms 

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

(3) Zc = Zc (per unit) (Zbase) = (0.20) (16.45) 
= 3.29 nhms 

To set ZA = 27.6 ohms 
Step 1: The lowest tap SA for 18.6 SA greater 

than ZA = 27.6 is 2. Set SA in tap 2. 

Step 2: TA nearest to 27.6 = 13.8 is TA = 15.8. 

2 

Step 3: 

Set T A in 15.8 tap 

MA = 
TASA -1 z 

1.145 -1 = + .145 

15.8 X 2 
27.6 

= 

Set M = + .15. Place R lead in 0, L lead in upper 
.06. The relay setting is now: 

TASA 15.8 X 2 31 6 
Actual ZA = = -·-= 27 5 

1 ± M 1 + 0.15 1.15 
. 

10 

This is 99.7% of the desired setting. 
To set Zc = 3.29 ohms: 
Step 1: The lowest tap Sc for 6Sc greater than 

3.29 is Sc = 1. 

Set Sc = 1 

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

Step 3: 

Set T c in 3.64 tap. 

M = 
T esc _1 = 

3.64 x 1 _1 c zc 3.29 

= 1.107-1 = + .1 07 

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

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

_ T esc _ 3.64 x 1 _ 
Then, Zc - (1 +Me 1 + _12 

- 3.25 

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 VL-N 
(equivalent to 100 VL-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 L-N. 

.�. 
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3. For all applications where the alarm func­
tion is not to be used, the undervoltage unit 
contact sh-ould 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 VL-N (corresponding to 92.5 
V L-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 particular set­
ting is outlined in this instruction leaflet, under the 
heading "Acceptance Check". 

TIME DELAY CONSIDERATIONS 

It may be conservatively stated that the rotor 
structure and stator heating, as a result of a 
shorted field can be tolerated for 10 seconds on a 
conductor-cooled machine and 25 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 discharge resistor on an ex­
citer armature) and as high as 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-1 Relay. The following examples 
are applications where an external timer would be 
desirable: 

I. Cross-compound units, with undervoltage 
unit setting of 58 volts, should use 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 machine. For a convention­
ally cooled cross-compound machine, the 
external timer should be set for 25 seconds. 
As an alternative 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 15 cycle time delay provided by the X 
unit in the KLF-1 relay. 

2. Machines connected to a common high 
voltage bus may be protected against partial 
loss 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. 

3. 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 Y2. The trip cir­
cuit should trip directly, with no time delay. 
The alarm circuit should operate a timer 
which may be set from 1/.1 - 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 3,4 second. Added to the X unit 
dropout time of 1/.1 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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f POSITION 1- FOR·D·UNIT TEST 

H POSITION 2- FOR V UN IT TEST 

VARIABLE 

AUTO- TRANSFORMER IGS 

A 

KLF -I RELAY I FRONT VIEW) 

� =4=4=4==========+===============t=====i==============4====�:====== � 
A } 3 PHASE 

� � 120VOLTS 

292 6545. 
0 Fig. 9. Diagram of Test Connections for KLF-1 Relay 

SETTING THE RELAY 

The type KLF-1 relay requires a setting for each 
of the two compensators T A and T C· for each of 
the two auto-transformers primaries SA and Sc, 
and for the undervoltage unit. 

0 GENERAL SETTING RECOMMENDATIONS 

The KLF relay may be applied as a single-zone 
device, or two relays may be used to provide two­
zone protection. The single-zone setting may be 
fully offset (Zone-1) or may include the origin 
(Zone-2). The two-zone application would require 
a zone-1 KLF and a zon�.:-2 KLF, approximately 
equivalent to two-zone step-distance line protec­
tion. A generalized external schematic, which is 
applicable to either Zone-1 or Zone-2 relays is 
shown in Fig. 9. The recommended settings and 
relative advantages of these various configurations 
are summarized in Table I. 

1 2  

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 Tc) 

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 c 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. 5b, the links should be set vertically in the + 
T c arrow direction. If a characteristic similar to 
that shown in Fig. 5c is desired, set links horizon­
tally in the - T c arrow direction. 

AUTO-TRANSFORMER PRIMARY (SA AND 
Sc) 

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

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

AUTO-TRANSFORMER SECONDARY (MA 
AND Sc) 

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 ot the L lead 
position. The sign of the M value is determined by 
which lead is in the higher position on the tap 
plate. The sign is positive ( +) if the L lead is 
higher and negative (-) if the R lead is higher. 

An M setting may be made in the following 
manner: Remove the connector screws so that the 

L and R leads are free. Determine from the 
following table the desired M value and tap 
positions. Neither lead connector should make 
electrical contact with more than one tap at a 
time. 

Tabulated Settings 

z M LLead RLead 

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 

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 de type WL 
relay switch, or equivalent, use the 0.2 ampere tap. 
For 48 volt de 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. 
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TABLE I 
RECOMMENDED SETTINGS FOR KLF RELAY 

ZONE 1 (ALONE) ZONE 2 (ALONE) BOTH ZONE 1 & ZONE 2 

IMPEDANCE SETTING See Fig. 11 See Fig. 12 See Figs. 11 & 12 

VOLTAGE SETTING (a) Contact shorted or 80% Zone 1 voltage contact 
(b) Set at 80% for shorted with Zone 2 set 

security at 80% 

TD-1 1/4 to 1 sec 1/4 to 1 sec Zone 1 timer = '14 sec 
( 1 sec preferred) ( 1 sec preferred) Zone 2 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 LOF condition (3) at left. 

2) Can operate on (2) Provides back-up 
partial LOF protection 

3) Provide alarm 
features for 
manual operation .�· 

TABLE II 
SPECIAL SETTINGS FOR MULTI MACHINES BUSSED AT MACHINE TERMINALS 

ZONE 1 (ALONE) ZONE2 (ALONE) BOTH ZONE 1 & ZONE 2 

IMPEDANCE SETTING See Fig. 11 See Fig. 12 See Figs. 11 & 12 

VOLTAGE SETTING (a) Contact shorted or 87% Zone 1 voltage contact 
(b) set at 87% for shorted with Zone 2 

security set at 87% 

TD-1 '14 to 1 sec 1/4 to 1 sec Zone 1 timer = 1/4 sec 
(1 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 25 sec for conv. cooled. 25 sec for conv. cooled 
(b) above use 10 sec for 

cond. cooled, 25 sec 
for conv. cooled 
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0.25 SEC D/0 
POS. DC 

TD-I=TD-A + 0.25SEC. 

0.75 
SEC 

N EG. DC 
� 

TD-1 

v 

ALARM 
lTD-A 

TRIP 
10 
SEC-
1 MIN. 

Fig. 10. Generalized External Schematic 

+X 

R 
• XD/2 

-X 

Fig. 11. Zone-1 Impedance Characteristic. 

l TD-2 

TRIP 

3491A03 

3491A03 
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+X 

16 

DIRECTIONAL ELEMENT 

STEADY STATE STABILITY LIMIT 

ZONE 2 RELAY 
MACHINE CAPABILITY CURVE, 

MEL (MAX. H2 PRESSURE ) 

Fig. 12. Zone-2 Impedance Characteristic 

X 

Fig. 13. KLF Frequency Response for Impedance Unit 

3491A03 

R 

HERTZ 

HERTZ 
3491A08 
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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 correct 
operation of this relay have been made at the fac­
tory. Upon receipt of the relay, no customer ad­
justments, 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) 

l .  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= l l .5 

SA= 2 

MA = - .03 

Tc = 2.55 

sc = 1 

Me= - .o9 

T c 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 lag­
ging the voltage. 

3. With the terminal voltage at 50 volts, in­
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 voltage at 50 volts in­
crease current until contacts just close. This 
current should be within ± 3% of 17.9 amps. 
(18.5 17.3 amps.) 

Contact Gap The gap between the stationary con­
tact and moving contact with the relay in deen­
ergized 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. With a terminal voltage of 1 volt and 5 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. 

0 D. Telephone Relay 

Apply rated de volts across terminal 10 and 3. 
The telephone relay (X) should open its con­
tact. Manually close distance unit (Z) and 
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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#l82A836H01 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 MA and Me all on 0.0 and 
disconnect the "L" leads. Adjust the volt­
age 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 pro­
cedure should be followed for taps # l  and 
#2 of Sc-

2) Set SA and Sc on 1 and adjust the volt­
age at the relay terminals for 100 volts. 
Measure voltage drop from terminals 5 to 
each of the M A and Me taps. This volt­
age 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 proba­
bly have been damaged and should be re­
placed. 

B. Distance Unit (Middle Unit) Calibration 

1 8  

Make following tap plate settings. 

TA = 15.8; Tc = 5.1 

sc = sc = 1 

Make MA = Me = - .15 settings: 

"L" lead should be connected to the "0" 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 ter­
minals 4, 5, 6 & 7 with 70 volts, phase, -to­
neutral or terminals 5, 6, 7 with 3 phase 120 
volts phase-to-phase voltages. 

The links in the middle tap block should be 
set for the + T c 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 ad­
justments. 

With moving contact in the opened posi­
tion, 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- l/3 turn for contact gap of 
.040" . 

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

C. Impedance Characteristic Check 

1) Maximum Torque Angle 

Adjust the adjustable reactor for about 5 
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 

90
0 

2 

Adjust reactor Xc until the correct maxi­
mum-torque angle is obtained. 

2) Sensitivity Adjustment 

Using the connections of Fig. 9, apply 5 
volts ac 90° leading, to terminals 4 and 5 
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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 c 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 c position. Change 
SA and Sc to setting "2". Keeping volt­
age at 50 volts, 90° leading check pick­
up current. It should be 1.30 - 1.40 am­
peres. Now set the phase shifter so that 
voltage lags the current by 90°. Im­
pedance unit should trip now at 4.05 -
4.3 amperes. 

c. Change SA, Sc = 3. Check pickup. It 
should be 2.70 - 2.90. Reverse current 
leads. Pickup should be now .87 - 93 
amp. 

D. Directional unit (Top Unit) 

l) Contact Gap Adjustment 

The spring type pressure clamp holding the 
stationary contact in position should not be 
loosened to make the necessary gap adjust­
ments. 

With moving 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 j 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) Maximum Torque Angle Check 

With 50 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 
313 o ± 4 o and 133 o ± 1. Readjust the bot­
tom resistor located in the rear for correct 
reading. 

4) Sensitivity Adjustment 

Apply 1.0 volt to terminals 4 and 6. Observ­
ing polarities as per schematic, and 5 am­
peres current leading the voltage by 43 o, 
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 spring ad­
juster. 

5) Plug Adjustment for Reversing of Spurious 
Torques. 

a. Set T c = 0.0. Connect a heavy current 
lead from T A 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. 

0 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 with 41 or more 

volts. 

b. Relay is set for 53 volts. This is accom­
plished by lowering resistance value until 
contacts make at 53 volts and open when 
unit is energized when 54 or more volts. 
The spring should not be used for this 
setting. 

F. Indicating Contactor Switch ( ICS) 

Close the main relay contacts and pass suffi­
cient de current through the 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 freely. 

0 G. Telephone Relay 

Energize the telephone relay circuit, terminals 
10 and 3, with rated de voltage. The telephone 

20 

relay (X) should operate positively. With an air 
gap of .003" - .004" the contacts should close in 
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 very close tolerances at 
factory and should not change under normal con­
ditions. The mutual impedance of the compen­
sators can be checked with accurate instruments 
by the procedure outlined below. 

1. Set T A on the 15.8 tap 

Tc on the 5.1 tap 

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

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

4. Measure the compensator voltage with an 
accurate high resistance voltmeter (5000 
ohmsjvolt). 

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

For T A = 15.8 the voltage measured 
should be 158 volts ± 3%. 

6. Compensator C voltage should be checked 
between lead Lc and the front terminal of 
the reactor (X D)· 

For T c = 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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TYPE KLF-1 RELAY --------------------------------------------------���.L�·� 4 1�-7�4� 8 .�1D 

9.625 
(244.48 ) 

2.781 
(70.64 

f 

8.938 
(227.01) 

.250 DIA, 4 HOLES FOR 
(6•351 .190-32 MTG. SCREWS 

9.250 
(23 5.00) 

2.938 
(74.63) 

18.500 
(496.9) 

5707904 
Fig. 10. Outline and Drilling Plan for the Type KLF-1 Relay in the FT41 Case. 
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I N S T A L L A TI O N  • 

Westinghouse I .L. 41 -748J 

O PE R A T I O N  • M A I N TE N A N C E  

I N S T R U C T I O N S  
T Y P E  K L F  L O S S - O F - F I E L D  R E L A Y  

C AU T I O N  B efore putting protective relays into ser­

vice,  remove all blocki ng which may have been in­

serted for the purpo se of s ec uring t he parts during 

shipment,  make sure that all moving p arts op erat e 

freely,  i n sp ect t h e  c ontacts to s e e  that t h ey are 

clean and c lo s e  properly, and operate the relay to 

chec k  the settings and e lectrical connections. 

A P P L I C A T I O N  

The K L F  relay is a sin gle-phase re lay conn ected 

to  the a-c side of a synchronous mac hi n e  and con­

tains three units connected so that the operation of 

t wo units s ounds an alarm warnin g  the op erator o f  a 

l o w  excitation c on dition , and the additional ope ra­

tion of the third sets up the trip circ uit . The relay 

can be' applied without modification to  all types of 

syn chronous machin e s ,  such as turbo-generators , 

water wheel  gen erators or sync hronous condensors.  

The K L F  relay is designed for  use with delta­

connected potenti al trans formers.  On circuits with 

wye-conn ected potential transform ers ,  t h e  type 

K L F- 1  relay may b e  used to increase security 

durin g inadvertent loss-of-potential ( s uch as due to 

a blown potential fus e ) .  

C O N S T R U C T I O N  

The relay consists of two-ai r  gap transformers 

( c ompen sator s ) ,  t wo tapped auto-trans formers ,  o n e  

reactor,  one cylinde r-type distanc e uni t ,  directional 

unit with adj ustable reactor ,  an undervoltage unit 

with adj ustable resistor,  telephon e relay, and an 

ICS indicating contactor s witch.  

Co m p e n s ato r 

The compen sators which are designated T A and 

and Tc are two-winding air gap transformers ( Fig.  2) .  
Th e prim ary or current winding of t he long-reach 

comp ensator T A has seven taps w hich terminate at 

the t ap bloc k .  They are marked 2 . 4 ,  3 . 1 fi ,  4 . 3 5 ,  5 . 9 3 ,  
8 . 3 ,  1 1 . 5 ,  1 5 . 8 .  The primary winding o f  the short­

reach compe ns ator T C also has s even taps which 

terminate at this tap block . They are m arked 0 . 0 ,  
0 . 9 1 ,  1 .  27 , 1 . 8 2 , 2 . 55 ,  3 . 64 ,  5 . 1 .  A vo ltag e i s  inC:uced 

in  the s ec o ndary which is  proportional to  t h e pri-

C om p l ete Rev i s i on 

mary tap and c urrent magnitude . This proportionality 

is establish€ d by the cross s ectional area of the 

l ami nat ed steel core,  the l ength of an air gap which 

is located i n  the center of the c oi l ,  and t he tightnes s 

of t h e  laminations.  All of these factors which in­

fluence the s econdary v oltage proportionality have 

been precisely set at the factory. The c l amps which 

hold the laminations should not be disturbed by either 

tight ening or loos ening t he c lamp scr ews . 

The s ec ondary w i nding i s  c onnected in series 

with the r el ay terminal v oltag e .  Thus a voltage w hich 

is proportional to the line c urrent is added v ectorially 

to the r el ay terminal v oltag e .  

A uto- T r a n s fo r m e r  

The auto-transformer has three taps o n  its main 

winding, S, which are numb ered 1 ,  2 ,  and 3 on the tap 

block.  A t ertiary winding l\1 has four taps w hich m ay 

be connected ad ditively or subtractively to invers ely 

modify the S setting by a ny v alue from - 15 to + 1 5  
percent in steps o f  3 percent.  

The sign of M i s  n e gative w hen the R lead is 

ab ove t h e  L lead. r.1 i s  positive when L is i n  a tap 

location which i s  above t h e  tap location of the R 
l ead . The l\1 setting i s  determined b y  the s um of per 

unit values between t he R and L lead .  The actual 

per unit values which appear on the t ap plate  b e­

tween taps are 0 ,  . 03 ,  . 0 6 ,  and . 06 .  

The auto-transformer makes i t  possible t o  expand 

the basic ranges of the long and th e short r e ac h  corn-

. . s 
pen sators by a mult1pller o f ---. Any relay ohm 1 ± M 
setting can be m ade w ithin � 1 .  5 percent from 2 . 0 8  
o h m s  t o  5 6  ohms for t h e  long reach and from . 79 ohms 

to 18 ohms for the short reac h .  

l m p e d a n c
_
e
_

T r i p p i n g  U n i t  

The di stance un it i s  a four pole inductio n  cyl­

inder type unit.  The operating torque of the unit is 

p roportional to the produce of the voltage quantitie s  

applied t o  t h e  unit and t h e  sine of t h e  phase angle 

b etween the appl ied volt a ge s .  The d irecti o n  of the 

to rque so produc ed depends on the impedanc e  phasor 

seen by the relay with respect to its characteristic 

circ l e .  
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S EC O N DARY 

v 

L A M I N AT E D  

C O R E  

l ..  . .  . • I  
185Al81 

Fig. 2 Compensator Construction 

Mechanically , the cylinder unit is c omposed of  
four basic components :  A die-cast aluminum frame ,  
an electromagnet, a moving element assembly , and a 
molded b ridge . The frame s erves as a mounting 
structure for the magnetic core. The magnetic core 
which houses the lower pin bearing is s ecured to the 
frame by a locking nut . The b earing can b e  replaced,  
if nec essary, without having to r emove the magnetic 
core from the frame.  

The electromagnet has two s ets 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 uppe r pin bearing, which is 
threaded into the bridge . Th e electromagnet is  se­
cured to the frame by four mounting screw s.  

The moving element asse mbly ·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, 

TEL EPMOII E REL.l Y �-

2000 D - 125 V.O,C. 6000 0 - 250 V. D.C. 
. , T M  IU.JII�[ 

IIII"UIIHUOU' I'OLUITI[S 
U SilO ... �liE 011Hli0Ul toiUtlS tLOU· 

FROHT V I EW 

-- UIID£1 Mt.TAB£ UlliT 
{l.MfER UIIIT} 

LOIS REACII 
CONPEUATOII 

RUEISIIIG u••s 
LONG REACH COMPENSATOR 
DI IIECTIOIUl U ll l l  

(TOP U II I T )  

- CHASS I S  OPERATED 
SMORTIIIG SWITCM 

RED HAIIDLE 

TEST SWITCII 

184A958 

Fig. 3 Internal Schematic of Type KLF Relay in FT4 1 Case 

to provide low- bounce contact action . A casual in­
spection of the assembly might lead one to think that 
the contact arm b rack et does not clamp on the hub as 
tightly as it should . H owev er , this adjustment i s  ac­
curately made at the factory and is locked in place 
with a lock nut and s hould not be changed. Optimum 
contact action is obtained when a force of 4 t o  10  
grams pressure applied to t h e  face o f  t h e  moving 
contact w ill make the arm s lip one-fourth of its t otal 
free travel.  Free travel is the angle t hrough which 
the hub will slip from the condition of reset to the 
point where the clamp proj ection begins t o  r ide up on 
the wedge .  The free  travel can vary b etween 15° to 
20°. 

The shaft has r emovable t op and b ottom j e wel 
bearings .  The shaft rides between the b ottom pin 
bearing and the upper pin bearing with the cylinder 
rotating in an air gap formed by the electromagnet and 
the m agnetic core. The stops are an integral p art of 
the bridge. 

The bridge is secured to the electromagnet and 
frame by two mounting screws.  In addition to holding 
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TYPE KLF RELAY 
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X-TELEPHONE R E L A Y  1M T Y P E  KLF RELAY 
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A-BREAKER AUX I L IARY SWITCH 
TC-BRE.lKER TRIP CO I L  

- r , \ 
X-DENOTES CONTACTS CLOSED 

0 I RECTI OM.ll UN I T  VECTORS 

FOR I 00% P. F .  GENERATOR OUTPUT 

290B607 

Fig. 4 External Schematic of Type KLF Relay 

the upper pin bearing, the bridge is used for mounting 
the adjustable stationary contact housing. This s ta­
tionary contact has . 00 2 to . 00 6 inch follow which is 
set at the factory by means of the adj usting screw. 
Aft er the adj ustment is made the screw is seal ed in 
position with a material which flows around the 
threads and th en solidifies.  Th e stationary contact 
housing is held in position by a spring type clamp. 
The spring adj uster 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 plac e by a spring type clamp . 

When contacts close ,  the el ectrical conn ection 
is made through the stationary contact housing clamp , 
to the moving contact , through the spiral spring and 
out to the spring adju ster clamp. 

D i r e c t i o n al U n i t  

The directional unit i s  a n  induction cylinder 
unit operating on the i nt eraction between the polariz­
ing circuit flux and th e operating circuit flux . 

Mech anically . the directional unit is composed 
of the same basic components as the distance unit : A 

4 

die-cast aluminum fram e ,  an electromagnet, a moving 
element ass embly , and a molded b ridge . 

The electromagnet h as t wo series-connected 
polarizing coils mounted diametrically opp osite one 
another ; two series-connected operating coils mounted 
diametrically opposite one another; two magnetic ad­
j usting plug s ;  upper and lower adjusting plug clips, 
and two locating pins.  T he locating pins are u s ed to 
accurately position the lower pin b e aring , which i s  
threaded into t h e  b ridge.  The e lectromagnet i s  se­
cured to the frame by four mounting scr ews. 

The moving el ement assembly consists of a 
spiral spring, contact carrying member, and an alu­
minum cylinder assembl ed to a molded hub which 
holds the shaft. The shaft h as r emovable t op and 
bottom j ewel 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 th e magnetic c ore. 

The bridge i s  secured t o  the electromagnet and 
frame by two mounting scr ew s .  In addition to holding 
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> X  + X + X  
I 

" J �:':: 
�:c 

- R  I + R  - R  -
c�-) � ZA A c ) ZA 

I � 
�-�/ " 

I 
- X  - X  - X  

l a l  WITH z c • 
0 (b) WITH zc > 

0 l e i  WITH zc < 
0 

Fig. 5 R-X Diagram Characteristics with Various Zc 
Compensator Sett ings 

the upper pin bearing, the bridge is used for mounting 
the adj ustab le stationary contact housing. The sta­
tionary contact housing is held in position by a spring 
type clamp. The spring adj u ster is l o cated on the 
underside of the bridge and is attached to the moving 
co ntact arm by spiral spring. The spring adjuster is 
also h eld in plac e  by a spring type c lamp. 

U nd e rv o l t a g e  U n i t  

The voltage unit i s  an induction-cylinder unit . 

Mechanically, the voltage unit is c omposed like 
the directional unit ,  of  four compon ent s: A diecase 
aluminum frame, an electromagnet, a moving el ement 
assembly , and a molded bridge. 

The electromagnet has two pairs of voltage coils. 
Each pair of diametrically opposed coils is connected 
in series.  In addition one pair is in series with an 
adj ustable resistor. These s et s  are in parallel as 
shown in Fig. 3. The adjustable r esi stor serves not 
only to shift the phase angle o f  the one flux with re­
spect to the other to produce t orque, but it also 
provides a pick-up adj ustment. 

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

T el e p h o n e  R e l ay 

The telephone relay ( X) has a slow drop-out 
characteristic . When energized, the sol e noid core 
attracts an iron right-angle armature bracket which in 
turn opens the break contacts.  In actual service , the 
relay is normally energized holding the break con­
tacts open. ( Not e :  the make contacts are not used . )  
Drop-out delay adjust ment i s  obtained by varying 
the air-gap between the armature and the core.  

a.) I 1 - o 

"o·,� -�" • r  

+ 1. 5 l r Z A  I 

I 

R E L A Y - T Y P E  K L F  V E C T O R  D I A G R A M S  

l85A33l 

Fig. 6 Effect o f  Compensator Voltages ( Zc is positive) 

I n d i c at i n g  C o n t a c to r  S w i t c h  U n i t  ( I C S) 

The d-e indicating contactor switch is a small 
clapper-type device. A magnetic armature, to which 
leaf-spring mounted cont acts are attached , is  at­
tracted to the magnetic core upon e nergization of the 
switch. When the switch close s ,  the moving contacts 
bridge two stationary c ontact s ,  completing the trip 
circuit. Also during this operation two fingers on the 
armature defl ect a spring located on the front of  the 
switch , which allows the operation indicator target 
to drop. The target is  r eset from the outside of the 
case by a push rod located at the b ottom of the c over. 

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

O P E R A T I O N  

The relay is c onnected 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 - 1 3° from the R-axis.  
Its primary function i s  to pr event operation oi the 
relay during external faults. The impedance unit 
closes its contacts w hen, as a res ult of  reduction in 
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PER UN IT KW 
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185Al83 

* Fig. 7 Typ ical Machine Capacity Curves Plotted on a Per 

Unit KVA Bas is ( 1 83, 500 KVA, 451t H2, 1 8 K V, 0 . 9  

pf, 0. 6 4  SCR, inner-cooled, 3600 rpm.)  

excitat ion, the impedance of  the mac hi ne as view ed 
from it s terminals is l e s s  than a predetermined value. 
The operation of b oth the imp edance and d irectional 
units sounds an alar m ,  and the addi tional operation 

R E S I STANCE I N  PER U N I T  

T Y P I CAL MACHINE CAPA B I L I TY CURVES AN D 
SAM PLE *-F RELAY S E T T I N G , PLOT T E D  ON 
/1. PER U N I T  ltoiPEDANC� B A S IS 

ltl5Al84 

of the undervoltage unit trips the mac hine. As shown * Fig. 8 Typ ical Machine Capac ity Curves and Sample K L F  
in Fig. 4 ,  the  c ontacts of all three units are c on- Settings _ Per Unit Impedance 
nected in series ac ross a telephone type r elay de sig­
nated X, wh ich provide s ap proximately 15 cycles 
time delay on dropout before energizing the trip coil . 
This time delay is to insure positive c ontact coor­
dination under all possible operating conditions.  
Dur ing normal conditio ns,  al l  cont acts are  open. 

P r i n c i p l e  o f  D i s t a n c e  U n i t  O p e r a t i o n  

T h e  distance unit is an induction cylinder unit 
having directional c haracteristics . Operation depends 
on the phase r elationship between magne tic flux es 
in the  poles o f  the e lectromagnet. 

One set of  oppo site pol e s ,  designated as the 
operating poles are en ergized by voltage v1 T modified 
by a voltage derived from the  long reach compensator 
T A. The other set of poles (polarizing) are e nergized 
by the same voltage V 1 T except modified by a v oltage 
derived from t he short r each c ompensator Tc . The 
flux in the pol arizi ng po l e  is so adjusted that the 
unit closes its c ontacts whenever flux in the  op erat­
ing s et of poles l eads the  flux in the polarizing set.  

The voltage v1T is e qual to 

v 1T = v1 2 + 0 · 5 v23 = 1 . 5  v 1N ( 1 ) 

6 

As shown in Fig. 4 ,  one-half of V 23 voltage is 
physically derived in the relay at midtap of  a r eactor 
connected across v oltage V 23 . 

Reac h of the  distance unit i s  determined by 
compensators T A and Tc as modified by auto-trans­
former s ettings .  Compen sators T A and T c are de­
signed so that its mut ual impedance ZA or Zc has 
known and adj ustable v alues as described below 
under CH ARACTERISTICS and SETTINGS. T he 
m utual impedance of a compensator is defined h ere 
as the r atio of  s ec ondary induced v oltage to primary 
current and is equal to T. Each sec ondary compensa­
tor voltage i s  in series with th e voltage V 1 T . Com­
pen sator voltages are e qual to 1 . 5 I 1 ZA for long 
reach c o mpensator and 1 . 5  I 1 Zc for s hort reach 
compensator, where I ,  is the relay current . 

Fig. 5 shows how the compensation voltages 
1 . 5 I 1 ZA and 1 . 5  I 1 Zc influence the R-X circle.  Note 
that Z A independently determines the ' 'long reach ' ' ,  
while Zc independently fixes the ' ' short reach ' ' .  
With the reversing l inks i n  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 p aragraphs explain this comp ensator action. 

Referring to Fig. 4 note that R B and C B cau s e  
the polarizing voltage t o  be shifted g o o  in the leading 
direction. Thu s ,  when the current is  z ero,  polarizing 
voltage V POL leads the operating voltage Vop by 
goo, as shown in Fig. 6(a). This relation produces 
restraining torque .  To illustrate how Z A fixes the 
long reach, assume a relay current which l e ads VIN 
by goo 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 A compen­
sation reverses the operating voltage phase position. 
The relay b al ances when thi s voltag e  is zero. Not e 
that this b alance is un affected by the Zc comp ensa­
tion, since this compensation merely increases the 
size of VpoL. 

For l agging current conditions note in Fi g. 6(  c)  
how VPOL is reversed by the Zc comp ensation. In 
this cas e  the Z A 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 .5I ,  Zc . In Fig. 6(b) 
this change would result in, VPOL being reduced 
rather increased by the compensation. As the current 
increases V POL 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. 

C H A R A C T E R I S T I C S  

The type K LF relay is available in one range. 

D i st a n c e  U n i t  

The distance unit can b e  set t o  have charac­
teristic circl es that pass through origin,  include it, 
or exclude it , as shown in Fig. 5.  

The Z A and Z c values are determined by com­
pensator settings and modified by autotransformer 
settings S, L, and R. The impedanc e settings in 
ohms reach can be made for any v alue from 2 . 08 to 
56 ohms for ZA , and from 0. 7g ohm to 18 ohms for Zc 
in steps of 3 percent. 

The tap s are marked as follow s :  

2 .  4 ,  3 . 16 ,  4. 35,  5 .  g 3 .  8.  3 , 1 1 . 5 ,  15 .8  

0 .0 ,  o . g 1 , 1. 27 ,  1 . 8 2 ,  2. 55 , 3 . 64 ,  5 . 1 

1, 2, 3 

± values b etween t aps . 0 3 , . 06 ,  .06 

D i r e c t i o n a l  U n i t  

The KLF relay is designed for potential polari­
zation with an int ernal phase shifter , so that maximum 
torqu e occurs when t he operating current l eads the 
polarizing voltage by appro�imately 13 degrees. The 
minimum pickup has been s et by the spring tension to 
be approximately 1 volt and 5 amperes at maximum 
torque angl e .  

U n d ervo l t a g e  U n i t  

The undervoltage u nit is designed t o  close it s 
contacts when the voltage is lower than the set value. 
The undervoltage unit is energized with v1T -voltage.  
This voltage is equal to 1. 5V 1N volt ag e .  Th e con­
tacts can be adj usted to close over the range of 65 
to 85 percent of norm al system voltage. The dropout 
ratio of the unit is g3 percent or higher. 

T r i p  C i rc u i t  

The main contacts will safely close 30 amperes 
at 250 volts d . c. and the seal-in contacts of the 
indicating cont actor switch will safely carry thi s 
current long enough to trip a circuit b reaker.  

The indic ating contactor switch has two taps 
that provide a pick-up setting of 0. 2 or 2 amp eres. To 
change taps requires con necting the lead located in 
front of the tap block to the desired setting by means 
of a screw connection. 

T r i p  C i r c u i t  C o n s t a n t  

Indicating Contactor Switch ( ICS) 

0. 2 ampere tap - 6 .  5 ohm d-e resistance 
2. 0 amp ere tap - 0 .  15 ohm d-e resistance 
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T YP E K L F R E LAY ____________________________________________________________ _ 

B ur d e n  

Current 
@ 5 amps, 60 cycles 

TA & Tc 
SETTINGS VA 

1 8 . 6  
3 .8 

Pot ential 

ANGLE 
OF L AG 

SA = Sc 
1 
2 
3 

M AX. 
MIN.  

770 
5 1° 

@ 1 20 volts ,  60 cycles 

Phase AB 

ANGLE 
VA OF L AG VA 

1 8 . 0  2 0 2. 6 
1 4 . 4  3 1 ° 5 . 9  
1 3 . 9  39°  6 . 6  

D-C Circuit 

Phase BC 

ANGLE 
OF LAG 

RATING 

1 25 
250 

T h e r m a l  R a t i n g s  

WATTS 2 RATED 

3 . 9  
7 . 8  

Potential : 1 3 2  volts ( L-L) continuous 

Current: 8 amperes continuous 
200 amperes for 1 second 

S E T T I N G C A L C U L A T I O N S  

G e n e ra l S e tt i n q  R e c o m m e n da t i o n s  

The K L F  relay may be  applied as a single-zone 
device,  or two relays may be  used to provide two­
zon e protection . The single-zone setting m ay b e  
fully offset ( Zone- 1 )  or  m ay include t h e  origin 
( Zone- 2) . Th e two-zone application would require 
a zone- 1 KLF and a zone-2 KLF, approximately 
equivalent to two-zone st ep-distance line protection . 
A generalized external schem atic , which is applic­
abl e to either Zone- 1 or  Zone-2 relays is  shown in 
Fig. 9 .  The re commended settings and relative 
advantages of thes e various configurations are 
summarized in Table I .  

The single-zone and two-zone sett ing recom men­
dations are modifi ed whe n  tw o or more m achines are 
bussed at the machine terminals .  The voltage and 

and tim e delay considerations are treated in detail 
in other sections of this leaflet. The recommended 
settings are outlin ed in Table II. 

Z o n e- 2  S e tt i n g  C a l c u l a t i o n s  ( D i st a n c e  U n i t )  

Set the distance  unit t o  operat e  b efore th e 
steady-state stability limit is exceeded .  Also ,  to 

8 

allow maximum output without an alarm , set  the  
distance  unit to  allow the machine to operate at 
maximum hydrogen pres sure and 0 .  95 per unit voltage 
(lowest voltage for which the cap ability curve 
applies) .  Where the maximum capability o f  the 
machine cannot be real ized without e x ceeding the 
steady-state stability limit,  set the distance  unit to 
operate before the steady-state limit is  exceeded.  
Capability curves similar to Fig.  7 are o btained 
from the generator manufacturer. 

To determine the desired setting con vert the 
c apability curve of Fig . 7 of the impedance curve  of  
Fig. 8 by calculating [�_:j ,  where V T i s  the  

( K VA) c 
per wire terminal voltage and (KVA) c  is the per unit 
output . The angle of  each point on the impedan c e  
curve i s  the same angle a s  t h e  corresponding point 
on the cap ability curve. 

For example ,  from Fig.  7,  an output of 0 . 6  per  
unit KW on 30# hydrogen pressure curve is -0 , 4  per  
unit reactive KV A. Therefore ,  

(KVA) c  1 = v (0 . 6) 2 + (-D . 4 l  2 

and ,  e 
D. 7 1 5  p e r  unit 

-0 4 
Tan - 1  (--· -) = -33 . 6° 

-0. 6 

Converting to the impedance curve:  

[ z [ = 1 vt 2 

(KVA)c 
1 . 0  2 

0 . 7 15 

1 . 4  per  unit 

Sinc e  the angl e remains the same,  the impedance 
plot conversion i s :  

Z = 1 . 4  / -33 . 6° ,  as sho wn in Fig. 8 .  

After plotting the steady-state  stability limit and 
the m achine capability curves  on the R-X di agram, 
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 1t - V T = 0 . 9 5  
curv e ,  since the m achine i s  beyond t h e  steady-state  
stability limit for these  conditions . )  This plot defines  
the  desired reac h  Z A and r adius R of  the  r elay 
circle.  Then use the following procedure to select 
tap settings.  

where 

1000 ( kv) 2 Rc Zbase = ohms 
(kva) Rv 

( 2 )  
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TY P E K LF R E LAY----------------------------------------------------------���.L�·�4�1-�74�8J 

IMPEDANCE SETTING 

VOLTAGE SETTING 

T A B L E  I 
R E COMM END E D  S E TT I NGS FO R KL F R E LA Y  

Z O N E  1 (ALO N E )  

S e e  Fig. 10  

( a) Contact shorted or  
(b)  Set  at  80% for 

security 

ZO N E  2 (ALO N E )  

See Fig .  1 1  

80% 

B O T H  Z O N E  1 & Z O N E  2 

See Figs. 10 & 1 1  

- ------

Zone 1 vol tage contact 
shorted with Zon e 2 set 
at 80% 

- -- -1--- -- -- -- --- - - ------ -- ---- - --- --- - - - - - - -- - -�--- ------ - --�---

TD- 1 

TD-2 

Yt to  1 sec 
( 1  sec preferred) 

- ---- -------- --- - - --- ---

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

�4 to 1 sec 
( 1 sec preferred) 

1 min . 

-- - -- - --

Zone 1 timer = Yt s e c  
Zone 2 timer = 1 sec 

------
----

1 min. 

1--------- - ------- - f----

ADVANTAGES Less sensitive to 
stable system s wings 

1 )  More sensitive t o  
LOF condition 

2 )  Can operat e on 
partial LOF 

3)  P rovide alarm 
features for 
m anual operation 

T A B L E  I I  

( 1 ) Same a s  ( 1 ) ,  ( 2) and 
( 3 )  at left. 

(2) P rovides back-up 
p rotecti on 

S P E C IAL S E T T I NGS F O R  MUL T l  MAC H I N E S  BUSSED AT MAC H I N E  T E RMINALS 

IMPEDANCE SETTING 

VOLTAGE SETTING 

TD- 1 

Z O N E  1 (ALON E )  

See Fig. 1 0  

( a) Contact shorted o r  
(b) s e t  a t  87% for 

sec urity 

�4 to 1 sec 
( 1 sec preferred) 

ZON E 2 (AL O N E )  

See F i g .  1 1  

87% 

�4 to  1 sec 
( 1 sec preferred) 

BOTH ZON E 1 & ZONE 2 

See Fig s .  1 0  & 1 1  
- -r---------------- -- -

Zone 1 voltage contact 
shorted  with Zone 2 
set at 8 7% 

Zone 1 timer = 1i� sec 
Zone 2 t imer  = 1 sec 

- -- 1--- -
Not required for (a) above 1 0  sec for cond . cooled. 10 sec for con d. cooled 
( a) above. For 
( b )  above use 1 0  sec for 

cond , coo led , 25 s e c  
for conv , coo led 

25 sec for conv.  cooled.  25 sec for conv.  cooled 
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TY P E KLF R ELAY ________________________________________________________ __ 

Z base 

kv 

= one per unit primary ohms/ as 
seen from the relay 
rated phase-to-phase voltage of 
the machine . 

kva = rated kva of t he machine 

Rc = the current transformer ratio. 

R = the potential transformer ratio. v 

The actual settings , Z A and Z e• are :  

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

Ze = ( Zc p e r  unit) x ( Zbase> = ( 4 )  

( 2R-ZA) x ( Zbase) 

where R = radius of circle in per unit. 

The tap-plate  s ettings are made according 
to equations:  

wher e :  

TS 
7,A ( or Ze ) = (5)  

1 ± r.1 

T = compensator tap value . 

S = auto-transformer primary tap val­
u e .  

l\ 1  = auto-transformer second ary tap 
valu e .  

(M  is  a per-unit value determined b y  taking t h e  
s u m  of  the values between t h e  L and the R 
lead s .  The sign is positive when L i s  above R 
and acts to lower the :;>; setting. The sign is  
negat ive when R i s  above L and acts to rai s e  
t h e  :;>; setting) .  

The following procedure should be followed to ob­
tain an opt imum setting of the relay:  

1 .  Select the lowest tap S which give a product 
of 18 .  6S A greater than desired Z A and a pro­
duct of 6Se greater than desired Ze. 

2. Select a value of }l that will most ne arly make 
it equal to:  

TS r .. T = -- - 1 .  
z 

If the sign is neg ative ,  then the f,l taps are connected 
with the R lead above the L lead to raise  the s etting . 
S a m p l e  C a l c u l at i o n s  

Assu me that a KLF relay is  t o  be  applied t o  the 
following machine:  

1 0  

3-phase , 60 cycles ,  3600 rpm, 18 kv,  rated at 
0 9 pf,  1 8 3 , 500 KVA at 45 1tH2. 

Rc = 1 400/ 1 Rv = 1 50/ 1 

If the recommend e d  setting from Fig. 8 is used: 
;>;A per unit = l . f18 

:;>;e per unit = 2R - ZA = 2 x 0 . 9 4 - 1 . 68 = 0 . 20 

(The  relay circl e in Fi g. 8 was o btai n ed by tri al 
and error using a comp ass to get the desired radiu s  
and o ffset. ) 2 

1000 (kv) Rc 
( 1) Zbase = ----­(kva)Rv 

1000 X ( 18) 2 X 1400 

183, 500 X 150 
1 6 . 45 
ohms 

( 2) ZA = ZA(per unit) ( Zbase l = ( 1 . 68 )  ( 16 . 45 )  = 27. 6  ohms 

(3)  Zc = Z c ( per unit) ( Zb ase l = (0. 20) -( 16 .45 )  = 3. 29 ohms 

To set  ZA = :!7. 6 
St ep 1 :  The lowest tap S A for 1 8. 6  SA great er than 

ZA = 27 . 6  is  2.  Set SA in tap 2.  

Step 2: TA nearest to 27 . 6  = 1 3 . 8  is  TA = 1 5 . 8  

2 
Set T A in 1 5 . 8  tap 

TA SA 15 . 8 x 2 
Step 3 :  l\1 = --- - 1  = - 1  = 

--- A z 27 . 6  
1 . 145  - 1  = + . 145 

Set M = + . 15 .  Place R lead in 0 ,  L lead in upper 
. 0 6 .  The relay s etting is now :  

TA S A 1 5 . 8  x 2 3 1 . 6  
Actual ZA = --- = = 27. 5  

1 ± M 1 + 0 . 15 1 . 1 5  
This is  9 9 . 7% o f  t h e  desired setting . 

To s e t  '/c = 3. 29 ohms: 

Step 1 :  The lo west tap S e for GSe greater than 3 .  29 is  

se = 1 .  

set sc = 1 

Step 2 :  Te ne arest to 3 . 29 = 3. 29 is 3 . 64 
1 

Set Te in 3. 64 tap .  

Te 8e 3 . 64 x 1 
step 3: Me = -- - 1 = - 1  = 1 .  107  - 1  = 

:;>;e 
3 . 29 

+. 107 

Hence,  the nearest l\1  e value is + . 12.  Now set 
R lead in 0 . 0 3  tap and L lead in the upper . 0 6  
tap .  

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

Te Se 3 . 64 x 1 
Then,  Ze = --- = 3. 25 ohms, or 

o +Me> 1 + . 1 2  
98. 8o/o.of the desired value.  
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TYPE KLF RE LAY ________________________________________________________ �'·�L .�4�1 �·7�4B�J 

U n d e r v o l ta g e  U n i t  

A. The undervoltage unit is  usually set t o  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 VL-L (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 i s  usually satisfactory for the 
undervoltage unit . 

B .  I n  applications w here m ultiple 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 w ill operate if it has the 
standard setting. The following recommendations 
should be considered:  

1 .  For cross-compound turbine gen erator ap­
plications, the dropout voltage ( i .e . , the 
voltage at which the back contact of the 
undervoltage unit closes)  of the under­
voltage unit s hould be s e t  for 87% of normal 
voltage (equivalent to 90 volts on the 

undervoltage unit). 

2. For waterwheel generator application s ,  with 
multiple m achine tied to a common bus, the 
dropout voltage of the undervoltage unit 
should be set at 87%. 

3. For all applications where the alarm func­
tion is not to be used the undervoltage unit 
contact should be j umped ( shorted) . 

4 .  For industrial application s ,  with two o r  
more generators o n  the same b u s ,  t h e  under­
voltage unit contact should be j umped 
( shorted) and the alarm circuit not used.  

5.  For small Synchronous condenser and large 
motor applications,  the undervoltage unit 
contact should, in general, be  j umped (short­
ed),  and the alarm circuit not used.  In 
special cases the m achine 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 m ay not 

operate.  For these applications the under­
voltage contacts should be s hort circuited. 

C .  The desired un dervoltage unit setting is com­
puted by : 

Setting = VIT = 1 . 5  VI N  

where VIN is phase-to-neutral voltage. 

Note :  An electrical check of this particular setting 
is outlined in this instruction leaflet , under 
the heading "Accept an ce Check".  

T i m e  D e l a y  C o n s i d e r a t i o n s  

It may be conservatively stated that t h e  rotor 
structure and stator heating, as  a result of a shorted 
field can be tolerated for 10 seconds on a conductor­
cooled machine and 25 second s  for a conventional 
m achine.  This time may be as low as 5 seconds for 
an open field ( as opposed to a field closed through 

a field discharge resistor on an exciter armature) 

and as high as 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 consideration s ,  it i s  often 

desirable to use an external timer in conjunction with 
the KLF Relay. The following examples are applica­
tions w here an external timer would be desirable : 

1 .  Cross-compound units, with undervoltage 
unit setting of 90 volts ,  s hould use an 
extern al timer to assure tripping before 
thermal damage can result. The timer i s  

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 may be  applied 
and the alarm feature not used.  With thi s 
arrangement, tripphtg takes place after the 
1 5  cycle time delay provided by the X unit 
in KLF relay .  

2 .  Mac hines connected to a common high volt­
age bus may be protected against loss of 
voltage due to loss-of-excitation in an adj a­
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 Zon e- 1 KLF impedance circle 
should be small and fully offset in the 
n egative reactance region. The long-reach 
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TY P E KLF R ELAY __________________________________________________________ _ 

s ho uld  be set equal to s ynchronous react­
ance ,  Xd. The s hort- reach should  be set 
e qual to one-hal f  transient reactance,  XDYz. 

The trip circuit should trip directly, with 
no time delay. The alarm circuit should 
operate a timer  which m ay b e  s et from \4- 1 . 0  
s econds , depending o n  use r  preference. If 
the condition persist s ,  this timer permits 
tripping.  

The s econd-zone KLF may be  set  with a 
l arger impedance characteristic and will 
detect partial los s-of-field conditions . A 

typical setting would be to j ust  allow the 
m achine to operate at maximum hydrogen 
pressure and 9 . 5  p er unit voltag e .  If a low 
voltage condition occurs , it is recommended 
that tripping be  accomplished through a timer 
s et for % second. Added to the X unit drop­
out time of \4 second, thi s  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 
anywh ere from 10 seconds to o ne minute 
depending on m ac hine type and user pre­
ference. 

P e rform a n c e  D u r i n g  R ed u c e d  F re q u e n c y  

During maj or system break-ups , i t  is  pos sible 
that the generators may be called upon to operate at 
reduced frequency for long periods of time. During 
this condition the loss-of-field re lay s hould b e  
s ecure and not over-trip for load conditions .  The 
KLF re lay h a s  a favorable characteristic durin g 

this condition , s ince its tripping characteristic 
becomes more secure during r educed frequenci e s ,  
a s  shown i n  F i g .  1 2 . 

S E T T I N G  T H E  R E L A Y  

The type KLF relay r equires a setting for e ach 
of the two compensator s T A and Tc , for each of the 
two auto-transform ers ,  primaries S A and Sc, and for 
the undervoltage unit .  

C o m p e n s at o r  ( T  A a n d  Tc ) 

Eac h set of compensator tap s  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 b etween common insert and 
tap inserts are m ade with a link that is held in place 
with two connector screws , one in the common and 
one in the t ap .  

1 2  

A compensator tap s etting i s  made by loosening 
the connector screw in the center. Remove the con­
nector screw in the t ap end of the link , swing the 
link around until it is in position over the ins ert for 
the d esired tap setting, replace the connector screw 
to bind the link to  this insert , and ret ighten 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. 

Compens ator Tc requires  an additional s etting 
for including or  excluding the origin of R-X diagram 
from the distance unit characteristic. If the desired 
characteristic is  similar to that shown on Fig. 5b, 
the links s hould be set vertically in the + T C arrow 
direction. If a characteristic similar to that show n in 
Fig. 5 c is  desired, set links horizontally in the - Tc 
arrow direction. 

Auto- T r a n s fo r m e r  P r i m a ry ( SA and Sc ) 

Primary tap connections are made through a 
single lead for e ach t ransformer. The lead come s out 
of the t ap plate through a sm all hole located just 
below the taps and is held in place on the proper t ap 
by a connector screw. 

An S setting is made by removing the conn ector 
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 t ap at a 
time. 

A u t o- T r a n s fo r m e r  S e c o n d ar y  ( M
A 

a n d  M
C

) 

Secondary tap connections are made through two 
leads identified as L and R for each transformer.  
These leads come out of the tap plate e ach 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  m ade are 
from -. 1 5  to + . 15 in steps of .03 .  The value of a 
setting is the sum of the numbers that are crossed 
whe n going from the R lead position t o  the L lead 
position. The sign of the M value is determined by 
which lead is in the higher position on the tap plat e .  
The sign is positive ( +) if  the L lead is higher and 
negative (-) if the R lead is higher. 

An M setting may be m ad e  in the following man­
ner : Remove the connector screws so that the L and R 
leads are free .  Determine from t he following t able 
the desired 1\l value and tap positions. Neither l ead 
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TY P E  KLF R ELAY 

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 . 0 6  0 

0 . 89 TS + . 1 2 Upper . 06 . 0 3  

0 . 9 2  TS + .09 Lower .06 0 

0 . 9 4  TS + . 06 Upper . 0 6  Lower . 0 6  

0 . 9 7  T S  + . 03 . 0 3  0 

TS 0 0 0 

1 . 0 3  TS - . 0 3  0 . 0 3  

1 . 0 6  TS - . 06 Lower . 0 6  Upp er . 0 6  

1 . 1 TS - . 09 0 Lower . 06 

1. 1 4  TS - . 1 2  . 0 3  Upper . 0 6  

1 . 18  TS - . 15 0 Upper . 0 6  

U n d e r v o l ta g e  U n i t  

The voltage unit i s  calibrated to close i t s  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 resi stor 
loc ated 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. 

The undervoltage unit range of 70 to 90 volts 
is equivalent to 80 to 104 VL - L (or 6 7% to 87% 
normal system voltage) . This is becaus e the voltage 
on the unit is  equa l to 1 . 5  times VL -N · 

D i r e c t i o n a l  S e tt i n g 

There is no setting to be m ade on directional 
unit . 

I n d i c at i n g C o n t r a c t o r  S w i t c h  ( I C S ) 

No setting is required on the res unit except 
the s election of the 0 .  2 or 2.0 ampere tap setting . 
This selection is made by connecting the lead lo­
cated in front of the tap block to the desired setting 
by me ans of the connecting screw.  When the relay 
energizes a 125  volt or 250 volt d. c .  type WL rel ay 
switch,  or equivalent , use the 0. 2 amp ere tap .  For 
48 volt d. c .  applications set res in 2 ampere tap and 
use Slt304C209GO 1 type WL relay coil or equivalent .  

I N S T A L L A T I O N  

The relays should be  mount ed on switchboard 
pan els or their e quivalent i n  a location free  from dirt , 
moi sture , excessive vibration,  and heat .  l\lount the 

I . L. 41 ·748J 

relay vertically by means of the four mounting hole s 
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 be  utilized for grounding the relay .  The elec­
trical connections m ay be  made directly to  the termi­
nals by me ans 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 .  
4 1-076.  

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adjustments  to insure correct opera­
tion of this relay h ave been m ade at the factory. Upon 
receipt of the relay, no customer adj ustment s ,  other 
than those covered under "SETTINGS, "  sho uld be 
required. 

A c c e p tan c e  C h e c k  

The following check is recommended t o  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.  M ake  the following t ap settings: 

TA = 1 1 . 5  Tc = 2 . 55 
SA = 2 s c = 1 
M A = - . 0 3  M c = - . 09 

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

This setting corresponds to Z A = 23 .7  Z c = 2 .  80 

Adjust the phase shifter for go o current l agging 
the voltage.  

3 .  With the terminal voltage at 80 volts ,  increase 
current until contacts j ust close. This c urrent 
should b e  within ± 3% of 2. 25 amp ( 2. 3 2-2. 1 8  
amp . ) .  This value corresponds to  1 .  5Z A set­
ting since the voltage as applied to terminal s  
4 and 5 is equivalent t o  1 . 5V1N voltage,  o r  

v 1N 8 0  1 
ZA = -- = - x -- = 23.7 ohms. 

I 1 1 . 5  2. 25 

4.  Adjust phase shifter for go o current leadi ng 
the voltage. 

5. With the terminal voltage at 80 volts increase 
current until contacts just close .  This current 
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T Y P E K L F RE LAY __________________________________________________________ _ 

should be within ± 3% of 1 9 . 0  amps . ( 19 . 6-
18 .  4 amp s . ) This value corresponds to 1 . 5 Zc 
setting for the same reason as explained above. 

Contact Gap The gap between the st ationary c ont act 
and moving contact with the relay in deenergized 
position should b e  approxim ately . 040" .  

B. Directional Unit Circuit (D)  

1 .  Connect the relay as shown in Fig. 13  with 
the s witch in position 1 and the trip circuit  
de energized. 

2.  With a terminal voltage of 1 volt and 5 amperes 
app lied , turn the phase shifter to 13° (current 
leads voltage) .  The contacts should be closed. 
This is the m aximum torque position. 

3 .  Raise the voltage to 1 20 volts and vary the 
phase shifter to obtain the two angles where 
the moving contact just mak es 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 .  c:;ontact Gap The gap between the stationary 
contact and moving contact with the relay in 
deenergized position should be approxi mately 
. 0 20" .  

C. Undervoltage Circuit 

1. Connect the relay as shown in Fig. 13 with 
s witch in position 2 and the trip circuit de­
en ergized.  

2.  D ecrease the voltage until the contacts clos e 
to the left .  This value should be 80 ± 3% volts. 

D. Reactor Check 

Apply 1 20 volts AC across terminal 6 and 7. 
1\leasure voltage from terminal 6 to 4 and 7 to 4. 
These voltages should be equal to each other within 
+ 1 volt . 

Routine J'vlaintenauce 

All contacts should be periodically cl eaned.  A 
cont act burnisher S11 l 8  2A8 36HO 1 is recommended for 
this purpose .  The use of abrasive material for clean­
ing contact s is  not recommended , because of the 
danger of embedding small particles in the face of 
the soft silver and thus impairing the cont act s. 

R e p a i r  C a l i b r a t i o n  

A .  Aut a-transformer Check 

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

1 4  

1 )  Set SA and Sc o n  tap number 3 .  Set the "R" 
leads of M A and Me all on 0 . 0  and disconnect 
the "L" leads . Adj ust the voltage for 90 volts. 
Measure voltage from terminal 5 to the tap itl of 
SA' It should. be 30 volts ( ±1 ) .  From terminal 5 
to tap 11 2  of S A should b e  60 volts . The same 
procedure should be followed for taps  itl and 
it2 of Sc· 

2) Set SA and Sc on 1 and adj ust the voltage at 
the relay terminals for 100 volts. Measure volt­
age drop from terminals 5 to each of the M A and 
Me taps .  This voltage  should be equal to 100 
(± 1) plus the sum of values between R and tap 
b eing 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 dam aged and should be replaced. 

B. Distance Unit (Middle Unit) Calibration 

Make following tap plat e  settings .  

TA = 1 5 . 8 ;  Tc = 5 . 1 

SA = SC = 1 

Make M A = Me = -. 1 5  settings:  

"L" lead should be connect ed to the "0" insert 

"R" lead should be connected to the upper " . 06" 
insert. ( -. 0 3 -. 06 . 06 =-. 1 5  bet ween L & R).  

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

The links in the middle t ap block should be set 
for the +Tc direction .  

1 )  Contact Gap Adj ustment 
The spring type pressure clamp holding the 

stationary contact in position should not b e  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 c ontacts just make ( use neon 

light for indication) . Then screw the st at ionary 
contact away from the moving cant act 1- 1/3 turn 
for a contact gap of . 040 ". 

2. ) Sensitivity Adj ustm ent 

Using the connections of Fig. 1 3  apply 1 0  
volts a. c .  goo leadin g ,  t o  terminals 4 and 

5 pass .420  amperes through current cir­
cuit ( terminals 9 and 8 ) .  The spiral spring 
is to be adj usted such that the contacts 
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TYPE KLF R E LAY ________________________________________________________ �I .�L .�4�1�-7�48�J 

will just close. Deenergize the relay .  Th e  
moving contact should return to open 
position against the right hand stop .  

C ) Impedance Characteristic Check 

1) Maximum Torque Angle 
Adjust resistor RB(mounted on the back of the 

relay )  to measure 8800 ohms . Applying 100 volts 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 b ack  
(few degrees) until cont acts c lose .  Not e degrees. 
Continue to turn the phase shifter until contact open s ,  
then swing phase shifter back until cont act closes 
again.  Note degrees. The maximum torque angle 
:-; houl d b e ( ±  3°) co mput ed as fo l l o w s :  

D e g r e e s  t o  Cl u :-; e  C o ntacts a t  L eft + 

D e� rE'e.
s �cJ Cl o s e  C o n t act:-; at R i g ht --- ----"'--- -::: 9 0 2 

Adjust resi stor � until the correct maximum-torque 
angle is obtained. 
2) Impedance Check 

a. Adjust voltage to be go volts. 
For current lagging go o the imped ance unit should 
close its contacts at 3. 1 2 - 3. 35 amp . 

Reverse current leads ,  the impedance unit should 
close its contacts at g .  7 - 10 . 3  amperes .  

b .  Reverse the links in the middle tap block t o  -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 g, 7 - 10 . 3  amperes. 

Set links back to +Tc position. Change S A and 
Sc to setting " 2 " .  Keeping voltage at 90 volts,  

g o o  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 go o. Impedance 
unit should trip now at 4. 85 - 5. 15 amperes .  

c .  Set TA = 1 1. 5 ,  Tc = 2. 55 , SA = 2,  Sc = 1 , M A = 

-. 03 Me = -. og.  Set voltage at go volts leading 
the current by goo. Impedance unit should trip at 

2 . 6 1-2. 45 amp. Reverse current leads.  Pickup 
should be 20 . 8-22. 1 amp .  

Change S A • S C = 3 .  Check pickup. I t  should be 
6 . g5-7. 35 amp. Reverse current leads.  Pick-up 
should be now 1. 74- 1 . 6 3  amp.  

D) Directional unit (Top Unit )  

1 )  Contact Gap Adjustment 

The spring type pressure clamp hol ding the 

stationary contact in  position should not b e  loosened 
to m ake the necessary gap adjustments. 

With moving contact in  the opened position, i . e. 
against right stop on bridge,  screw in stationary 
contact until both cont-act s  j ust make. Then 
screw the stationary contact away from the mov­
ing contact 3/4 of one turn for a contact g ap of 
. 02 2 " .  

2 )  Sensitivity Adjustment 

With reactor X having its core scre wed out by 
about 1/8 inch apply 1 . 00 volt to terminals 6 and 7. 
Observing polarities as per schematic , and 5 amp eres 
current leading the voltage by 13°,  the spiral spring 
is to be adjusted such that the contact s will just 
close. The adjustment of the spring is acc omplishe d  
by rotating the spring adjuster which is locat ed on 
the underside of the bridge. The spring adj uster 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 
c 

T A center link to t er minal 8.  

b.  Short circuit terminals 6 and 7 .  
c .  Screw i n  both plugs a s  far a s  possible prior to 

starting the adjustment. 

d.  Apply 80 amps only momentarily, and the direc­
tional unit need not be cooled during initial rough 
adjustm en t.  But, the directional unit should be 
cool when final adj ustment is m ade.  

e. Whe n  relay c ontac t  c loses to the left ,  screw out 

the right hand plug until spurious torque is 
reversed.  

f. When plug adj ustment is completed check to see 
that there is  no closing toroue wh en relay is 
energized with 40 amps and voltage termi nal s  
6 and 7 short-circuited. 

4) Maximum Torque Angle Check 

With 120 volts and 5 amp eres applied , vary the 
phase shifter to obtain the two angl es where 
the moving contacts just clos e. These two angle s  
(where torque reverses) should b e  where the 
current leads  the voltage by 283° ± 4o an d 103°  
± 1 .  Readjust the  reactor X d if  necess ary . 

E) Undervolt age Unit ( Lower Unit ) 
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TY PE K LF R ELAY------------------------------------------------------------

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

1) Contact G ap Adj ustm ents 

a) L . H .  (Normally Closed) Contact Adj ustment 

With the moving contact arm in the closed posi­
tion ,  against left hand side of bridge,  screw the 
left-hand contact in to j ust 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 Adjustme nt 

With moving contact arm against the left hand 
stationary contact screw the right hand st ationary 
cont act until it just touche s the moving cont act . 
Then back  the right hand contact out two-thirds 
of one turn to give 0 . 0 20 inch contact gap. 

2) Sensitivity Adjustm ent 
a) App ly voltage to t erminals 4 & 5. With the 
adjustable resistor , which is located at the upper 
left hand corner ,  set for maximum resistance ( 2500 
ohms ) adj ust the spring so that cont acts make (to 
the left)  at 70 volts. The contacts should open 
when unit is energized with 7 1 or more volts.  

b )  Rel ay is shipped with 80 volts setting. This is 
accomplished by lowering resistance value unti l 
contacts  make at 80 volts and open whe n  unit i s  
energized with 8 1 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-e current through the trip circuit to close the con­
tacts of the res. This value of current S�iuuld not be 
greater than the p articular res tap settings being 
used .  The indcator target should drop freely. 

G)  Telephone Relay 

Energize the telephone relay with 1 20 volts d-e. 
The telephone relay should operate positively. With 
an air gap of .003"  - . 004"  the contacts should not 

1 6  

clos e  for approximately 15 cycles after the relay is 
de-energized. 

H) Compens ator Check 

Ace uracy of the mutual impedanc e T of the 
compensators is set within very close tolerances at 
factory and should not change und er normal condi­
tions. The mutual impedance of the compensators can 
be checked with accurate 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 r.IA and Me 
3. Pass 10 amperes a. c. current in t erminal 9 and 

out of terminal 8 .  

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

5. Compensator A-voltage should be check ed be-­
tween lead L A and terminal 5. 

For T A = 1 5 .8  the voltage measured should be 237 
volt s ± 3%. 

6. Compensator C voltage should be checked between 
lead L c and the fix ed terminal on the re sistor 
which is mounted in the rear. 

For Tc = 5. 1 , the voltage s hould be 7 6 . 5  volts ( ±  
3%). 

7. For all other tap s  the compensator voltage is 
1 . 5IT ( ± 3%) 
where I - relay current T - tap setting. 

R E N E W A L  P A R T S  

Repair work can be done most satisfactorily at 
the factory. However , interchang eable parts can be 
furni shed to the custom ers who are equipped for 
doing rep air work . When ordering part s, always give 
the complete nameplat e  data. 
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0.25 SEC 

0/0 

POS. DC 
TD-I=TD-A + 0.25SEC. 

0.75 
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N EG. DC 
'-----,r--J 

T D - 1  

v 

ALARM 

l TO-A 

TR IP 
10 
SEC-
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Fig. 9 Generalized External Schematic 
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R 
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Fig. 10 Zon e- 1  Impedance Characteristic. 
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TYP E KLF R E LAY ________________________________________________________ __ 

+X 

1 8  

DIRECTIONAL ELEMENT 

STEADY STATE STABILITY LIMIT 
ZONE 2 RELAY 
MACHINE CAPABILITY CU RVE, 
MEL ( MAX. H2 PRESSURE ) 

3 4 9 l A 0 3 

Fig. 1 7  Zone-2 Impedance Characteristic. 

X 

Fig. 12 KL F Frequency Response for Impedan ce Un it 
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Fig. 13 Diagram of Test Connections for K L F  Relay 
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Fig. 14 O utline and Drilling P lan for the Type KL F Relay in the F T4 1  C ase. 
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Westinghouse I .L. 41 .748H 

I N ST A L L A TI O N  • O P E R A T I O N  • MA I N TE N A N C E 

I N S T R U C T I O N S  
T Y P E  K L F  L O S S - O F - F I E L D  R E L A Y  

C AU T I O N  B efore putting protective relays into ser­
vice, remove all blocking which may have been in­
serted for the purpose of securing the p arts during 
shipment, make sure that all moving p arts operate 
freely, inspect the c ontacts to s e e  that they are 
clean and close properly, and operate the relay to 
check the settings and electrical connections .  

A P P L I C A T I O N  

The K LF relay i s  a single-phas e relay connected 
to the a-c side of a synchronous machine and contains 
three units c onnected so that t he operation of two 
units sounds an alarm w arning 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 w ithout modification to all types of syn­
chronous machines. 

C O N S T R U C T I O N  

The r elay consists o f  two air-gap transformers 
(compensators) , two tapped auto-transformers , one 
reactor , one cylinder-type d istance unit, directional 
unit with adjustable reactor , an undervoltage unit 
with adjustable resistor, telephone r elay, and an ICS 
indicating contactor switch. 

C o m p e n s a t o r  

The compensators w hich are designated T A and 
and Tc are two-winding air gap transformers (Fig. 2) .  
The primary or current winding of the long-reach 
compensator T A has seven taps w hich terminate at 
the t ap block. They are marked 2 . 4 ,  3. H i ,  4 . 35 ,  5 . 9 3 ,  
8 . 3 ,  1 1 . 5 ,  1 5 . 8 .  The primary winding o f  the short­
reach compensator Tc also has s even taps which 
terminate at this tap block . They are marked 0 . 0 , 
0 . 9 1 ,  1 .  27,  1 . 8 2, 2 . 5 5 ,  3 . 64,  5 . 1 .  A voltag e i s  induced 
in the s econdary which is proportional to the pri­
mary tap and c urrent magnitude . This proportionality 
is established by the cross s cctional area of the 
l aminated steel core, the l ength of an air gap which 
is located in the center of the c oi l ,  and t he tightness 
of the laminations. All of these factors which in-

SUPERSEE DES J .L .  4 1 -74 8 G  
* Den otes c hange from su pers eded iss ue . 

fluence the s econdary voltage proportionality have 
been precisely set at the factory. The c lamp s which 
hold the laminations should not be disturbed by either 
tightening or laos ening the clamp screws . 

The s econdary winding i s  connected in series 
with the r elay terminal voltage.  Thus a voltage w hich 
is proportional to the line c urrent is  added vectorially 
to the r el ay terminal v oltage. 

A uto- T r a n s form e r  

The auto-transformer has three taps o n  its main 
winding, S, which are numbered 1 ,  2, and 3 on the tap 
block. A tertiary winding M has four taps w hich 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 i s  negative w hen the R lead is 
above the L lead.  M i s  positive when L i s  i n  a tap 
location which is above the tap location of the R 
lead. The M setting i s  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 t o  expand 
the basic ranges of the long and th e short reach com-

1 0 l " s 
pensators by a mu tip 1er of --M-. Any relay ohm 1 ± 
setting can b e  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. 

I m p e d a n c e  T r i p p i n g  U n i t  

The distance unit i s  a four pole induction cyl­
inder type unit. The operating torque 0f the unit is 
proportional to the produ ct of the voltage quantities 
applied to the unit and the sine of the phase angle 
betwe en the applied voltages .  The direction of t h e  
torque s o  produced depends o n  t h e  fault location 
with respect to the balance point s etting. 
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__ BH 

P R I M A R Y  S EC O N DA R Y  - L A M I N AT E D  

C O R E  

185Al81 

Fig. 2 Compensator Construction 

Mechanically, the cylinder unit is c ompo sed of 
four basic components : A die-cast aluminum frame ,  
an electromagnet, a moving element assembly , and a 
molded bridge. Th e frame s erves as a mounting 
structure for the magnetic core. The magnetic c ore 
which houses the lower pin b earing is s ecured to the 
frame by a locking nut. The b e aring c an be replaced, 
if necessary, without having to remove the magnetic 
core from the frame.  

The electromagnet has two s ets of two s eries 
connected coils mounted diametrically opposite one 
another to excite each set of poles. Locating pins on 
the electromagn et are used to accurately position the 
lower pin bearing, which is mounted on the frame , 
with respect to t he upper pin bearing, which is 
threaded into the bridge . The e lectromagnet 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 c lamped has a wedge-and-cam construction, 

IMDI CATIIIG 
CORTACTOR 
SWITCH 

Iilli HUTin 
lltfoUITUEOUI PIL.&tlllU 
.U SIO .. Til tiiEeTIOUL toltatn tUH· 

FRONT V I EW 

UID£1 tol.TAIE IHI I T  
{lftf:R UIIT} 

IEYUSIIIG LIUS 

LONG REACH COMPENSATOR 
DI RECTtOIIll llflll  

(TOP UIUT) 

CHASSI S  OPERATED 
SIIORTIIIG SWITCII 

REO NAIDlE 

�rEST SWITCH 

184A958 

Fig. 3 Internal Schematic of Type KLF Relay in FT4 1 Case 

to provide low-bounce contact action. A casual in­
spection of the asse mbly might l ead one to think that 
the contact arm bracket does not c lamp on the hub as 
tightly as it should. H ow ever,  this adjustment is ac­
curately made at the fact ory and is lock ed 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 t otal 
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 wedg e .  The fre e  trav el can vary b etween 15° to 
2Qo. 

The shaft has r emovable top and b ottom j ewel 
bearings.  The shaft rides b etween the b ottom pin 
bearing and the upper pin bearing with the cylinder 
rotating in an air g ap formed by the e lectromagnet and 
the m agnetic core. The stops are an integral p art of 
the bridge. 

The bridge i s  s ecured to the electromagnet and 
frame by two mounting screws. In addition to holding 

3 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE KLF R ELAY ________________________________________________________ __ 

-- I t  100% P. F. LOAD 

POLAR I Z I NG 
COILS 

F>HA C.., E ! • f) I I  T \ O N  ' � ':', ' ;  0 C T R I P  B U S  PDS.---r-----; 1 �; 0 h-. lhrcs 
X- . ,  

±0 
rics"o t� 3 I 2 3 43 4I52a 

TO 
ALARM 

DEVICE NUMBER CHART 

X 

OAO 
R 

z 0 
NT ACT 

CLOSING ZONE 

SYSTEM R-X D IAGRAM 

0 I STANCE UN I T  VECTORS 
FOR 100� P.F. GENERATOR OUTPUT 

M'ERAT IIfG -�-----
COILS � 

"0-LOSS OF F I ELD RELAY, TYPE KlF 
D·DI RECTIOMAL UN I T  tM TYPE KLF RELAY 

ICS- INOICATIN6 COnACTOR SWI TCH IN 
TYPE kLF RELAY 

t - FUSE KLF RELAY SEPARATELY FROM 
All OTHER SECONDARY BURDENS 

U-LONG REACH COMPENSATOR 
TC-SHORT REACH COMPENSATOR 

V·VOLTAGE UN I T  IN TYPE kLF RELAY 

CONTACT 
CLOSES 

X-TElEPHONE RElAY I N  TYPE KLF  RELAY 
Z- I MPEOANCE UN IT IN TYPE KLF RELAY 0 v23 ( REF.) 

13 
- I  "J-ON-OFF CUT-OUT SWI TCH 

52-POWER C IRCU I T  BREUER 
A-BREAKER AUXILIARY SWITCH 

TC-BRE.UER TR I P  COIL 

D I RECTIONAL UN I T  VECTORS 
FOR 100� P . F .  GENERATOR OUTPUT 

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 . 0 0 2  to . 00 6  inch follow which is 
set at the factory by means of the adjusting screw. 
After t he adj ustment is made the screw is sealed in 
position with a material which flows around the 
threads and then solidifies .  The stationary c ontact 
housing is held in position by a spring type c lamp . 
The spring adj uster is located on the underside of 
the bridge and is attached to the moving contact arm 
by a spiral spring. The spring adjuster is also held 
in place by a spring type clamp . 

When contacts c lose , the electrical connection 
is made t hrough the stationary contact housing clamp , 
to the moving contact , through the s piral spring and 
out to the spring adjuster clamp. 

D i rec t i o n al U n i t  

The directional unit i s  an induction cylinder 
unit operating on the i nteraction between the pol ariz­
ing circuit flux a nd th e operating circuit flux . 

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

4 

die-cast aluminum frame ,  an elec tromagnet, a moving 
element ass embly, and a molded b ridge . 

The electromagnet h as t wo s eries-connected 
polarizing coils mounted diametrically oppo site one 
another; two series-connected operating coils mounted 
diametrically opposite one another; two magnetic ad­
justing plug s ;  upper and lower adjusting plug clips ,  
and two locating pins. T he locating pin s  are  used to 
accurately position the lower pin b e aring , which i s  
threaded into the b ridge. T h e  electrom agnet i s  se­
cured to the frame by four mounting scr ews. 

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 s haft h as r emovable t op and 
bottom jewel bearings. The shaft rides between the 
bottom pin bearing and the upper pin bearing w ith 
the cylinder rotating in an air gap formed by the 
electromagnet and th e m agnetic c ore.  

The bridge i s  secured t o  the electromagnet and 
frame by two mounting screws. In addition to holding 
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+ X  

- R  

- X  - X  -X 

Ia) WITH Z c • 0 (b) WITH Zc > 0 ( C )  WITH Zc < 0 

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

the upper pin bearing, the bridge i s  used for mounting 
the adjustable stationary contact housing. The sta­
tionary contact housing is held in position by a spring 
type c lamp. The spring adj uster is l o cated on the 
underside of the bridge and is attached to the moving 
contact arm by spiral spring. The spring adju ster is 
also h eld in place by a spring type c lamp. 

U nderv o l tage U n i t  

The voltage unit is a n  induction-cylinder unit. 

Mechanically, the voltage unit is c o mposed like 
the directional uni t ,  of four components:  A diecase 
aluminum frame, an electromagnet, a moving element 
assembly, and a molded bridge. 

The electromagnet h as  two p airs of voltage c oils. 
Each pair of diametrically opposed coils i s  connected 
in series.  In addition one pair is in series with an 

adjustable resistor. These sets are i n  parallel as 
shown in Fig .  3. The adjustable resistor serves not 
only to shift the phase a ngle of the one flux with re­
spect to the other to produce t orque, but it also 
provides a pick-up adjustment. 

Otherwise the undervoltage unit is s imilar in its 
construction to the directional unit. 

T e l ep h o n e  Re l ay 

The telephone relay (X) has a slow drop-out 
characteristic. When energized, the sol e noid core 
attracts an iron right-angle armature bracket which in 
turn opens the break c ontacts. In actual service, the 
relay is n ormally energized holding the b reak con­
tacts open. ( Note :  the make c ontacts are not used . )  
Drop-out delay adjust ment i s  o btained b y  varying 
the air-gap between the armature and the core . 

a.) I 1 - 0  

VpoL( R E F.) 
& •  (- o.s z 1 z c){ 

b) r , =lr o l�o .t •viT 
CON:T\{'ACT 
CLO 5 

Vop V r r  I \ 1 I 

. (  � -----( 
+1. 5 l. r ZA t 

I 
I 

RELAY - TYPE K L F  V E CTOR D IAGRAMS 

185A331 

Fig. 6 EHect of Compensator Voltages ( Zc is positive) 

I n d i c at i n g  Contactor  S w i t c h  U n i t  ( I C S) 

The d-e indicating contactor switch is a small 
clapper-type device. A m agnetic armature, t o  which 
leaf-spring mounted c o nt acts are attached , is at­
tracted to the magnetic c ore upon energization of the 
switch. When the switch close s ,  the moving contacts 
bridge two stationary contacts ,  completing the trip 
circuit. Also during this operation t wo fingers on the 
armature deflect a spring located o n  the front of the 
switch, which allows t he operation indicator target 
to drop. The target is r eset from the outside of the 
case by a push rod located at the b ottom of the c over. 

The front spring, in addition to h ol ding the tar­
get , provides r estraint for the armature and thus c on­
trols th e pickup of the s witch. 

O P E R A T I O N 

The relay is c onnect ed and applied to the system 
as s hown in Fig. 4. The directional unit closes its 
contacts for lagging var flow into the machine. Its 
zero torque line has been set at - 1 3° from the R-axis.  
Its primary function i s  t o  prevent operation of the 
relay during external faults. The impedance unit 
closes its contacts w hen, as a res ult of reduction in 
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TYP E KLF R E LAY __________________________________________________________ __ 

PER UNIT KW 

� "' 
� 
>= -.2 <..> <l "' <r 
.... z - .4 ::::J 
<r w o._ 

- .6 

* Fig. 7 Typ ical Machine Capac ity Curves Plotted on a Per 

Unit KVA Basis ( 1 83,500 KVA, 45tt H2, 18KV, 0.9 

pf, 0.  64 SCR, inner-cooled, 3600 rpm. )  

excitation, the  impedance of the machine as  viewed 
from its terminal s  i s  less than a predet ermined value. 
The operation of b oth the impedance and d irectional 
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 t el ephone type relay desig­
nat ed X, wh ich provide s approximately 15 cycles 
time delay on dropout before energizing the trip coil . 
This t ime delay i s  to insure positive contact c oor­
dination under all p ossible operating conditions.  

During normal conditions,  all  cont acts are open. 

P r i n c i p l e  of D i s t a n c e  U n i t  O p er a t i o n  

The distance unit i s  an induction cylinder unit 
having directional c haracteristics .  Operation depends 
on the phase relationship b etween magnetic fluxes 
in the poles of the electromagnet. 

One set of opposite pol es , designated as the 
operating poles are energized by voltage v1 T modified 
by a voltage d erived from the long reach compensator 
T A· The other set of poles (polarizing) are e nergized 
by the same v oltage V 1 T except modified by a v oltage 
derived from t he short r each c ompensator Tc · The 
flux in the polarizing  pole i s  so adjusted that the 
unit closes its c ontacts w henever flux i n  the operat­
ing set of poles l eads the flux in the polarizing set. 

6 

The voltage v1T is e qual to 

v 1T = 
v1 2  + o . 5  v23 = 1 . 5  v 1N ( 1) 

R E S I STANCE IN P E R  U N I T  

T Y P I CAL MACHINE CAPA B I L I TY C U R V E S  AND 
SAMPLE *-F RELAY S E T T I N G , PLO T T E D  O N  
A PER i! N I T  IMPfDANCit B A S I S  

1C35Al84 

* Fig. 8 Typ ica l Machine Capac ity Curves and Samp le K L F  

Settings - Per Unit I mpedance 

As shown in Fig. 4 , one-half of V 23 voltage i s  
physically derived in  t h e  relay a t  midtap of a reactor 
conn ected across v oltage V 23 . 

Reach of the di stance unit i s  d etermined b y  
compensators T A and Tc a s  modified b y  auto-trans­
former s ettings. Compensators TA and Tc are de­
signed so that i ts mutual impedance Z A or Z c has 
known and adj ustable v alues as  described below 
under CHARACTERISTICS and SETTINGS. The 
mutual impedance of a compensator is  defined here 
as the ratio of s econdary induced v oltage to primary 
current and is equal to T. Each s econdary compensa­
tor voltage i s  in s eries with the voltage V 1 T . Com­
pensator voltages are e qual to 1 . 5  I 1 ZA for long 
reach c o mpensator and 1 . 5 I 1 Zc for short reach 
compensator, where I ,  is  the relay current . 

Fig. 5 shows how the compensation volt ages 
1 . 5I 1 ZA and 1 . 5 I 1 Zc influence the R-X circle. Note 
that Z A independently determines the "long reach " ,  
while Zc independently fixes t h e  " short reac h " .  
With t h e  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 p aragraphs explain this compensator action. 

Referring to Fig. 4 note that R B and C B cause 
the polarizing voltage to be shifted goo  in the leading 
direction. Thus,  when the current is  z ero,  polarizing 
voltage V POL leads the operating voltage Vop by 
go o ,  as shown in Fig. 6( a).  This relation produces 
restraining torque. To illustrate how Z A fixes the 
long reach, assume a relay current which leads VIN 
by goo 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 p hase 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 V POL . 

For lagging current conditions note in Fi g. 6( c) 
how VPOL is reversed by the Zc compensation. In 
this case the Z A 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 . 5I,  Zc . In Fig. 6(b) 
this change w ould result in, VPOL being reduced 
rather increased by the compensation. As the current 
increases V POL 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 imp edance 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. 

C H A R A C T E R !  S T I C S  

The type K LF relay is available i n  one range. 

D i st a n c e  U n i t  

The distance unit can b e  set t o  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
pensator settings and modified by autotransformer 
settings S, L, and R. The impedance settings in 
ohms reach c an b e  made for any v alue from 2 . 08 to 
56 ohms for ZA , and from 0. 7g ohm to 18 ohms for Zc 
in steps of 3 percent. 

The tap s are marked as follows : 

2. 4 ,  3 . 16 ,  4. 35,  5 . g 3 ,  8 . 3 ,  1 1 . 5 ,  15 . 8  

0 . 0 ,  o . g 1 , 1 . 27,  1 . 8 2 ,  2. 55 ,  3 . 64,  5 . 1 

1, 2, 3 

± values b etween taps . 0 3 ,  . 0 6 ,  . 06 

D i r e c t i o n a l  U n i t  

The K L F  relay is designed for potential polari­
zation with an internal phase shifter, so that maximum 
torque occurs when t he operating current leads the 
polarizing voltage by approhmately 1 3  degrees. The 
minimum pickup has been set by the spring tension to 
be approximately 1 volt and 5 amperes at maximum 
torque angl e.  

U nd e rvo l t a g e  Unit  

The undervolt age u nit is designed to close it s 
contacts when the voltage is lower than the set value. 
The undervoltage unit is energized with v1T -voltage. 
This voltage is equal to 1 . 5 V  1N volt age.  The con­
tacts can be adj usted to close over the range of 65 
to 85 perc ent of normal system voltage.  The dropout 
ratio of the unit is g3 percent or higher. 

T r i p  C i rc u i t  

The m ain contacts will s afely close 30 amperes 
at 250 volts d . c.  and the seal-in contacts of the 
indic ating contactor s witch will safely carry this 
current long enough to trip a circuit break er. 

The indicating contactor switch has two taps 
that provide a pick-up setting of 0. 2 or 2 amp er es. To 
change taps requires connecting the lead located in 
front of the t ap block to the desired setting by means 
of a screw connection. 

T r i p  C i r c u i t  C o n stant  

Indic ating Contactor Switch ( ICS) 

0 . 2  ampere tap - 6 . 5  ohm d-e resistance 
2. 0 ampere t ap - 0. 1 5  ohm d-e resistance 
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TYP E K L F R E LAY __________________________________________________________ __ 

B ur d en 

Current 
@ 5 amps,  60 cycles 

TA & Tc 
SETTINGS 

MAX. 
MIN.  

VA 

1 8 . 6  
3 .8 

Potential 

ANGLE 
OF L AG 

@ 1 20 volts ,  60 cycles 

Phase AB 

ANGLE 
VA OF L AG VA 

Phase BC 

ANGLE 
OF LAG 

1 8 . 0  
1 4 . 4  
1 3. 9  

RATING 

1 25 
250 

T h e r m a l  R a t i ng s 

-
2 0  2. 6 

3 1 ° 5 . 9  
39° 6 . 6  

D-C Circuit 

WATTS @ RATED 

3 . 9  
7 . 8 

Potential : 1 3 2  volts ( L-L) continuous 

Current: 8 amperes continuous 
200 amperes for 1 second 

S E T T I N G S  C A L C U L A T I O N S  

D i stance U n i t  

1 2° 
38° 
4 2° 

Set the distance unit to operate before the steady­
state stability limit is exceeded. Al so , to allow maxi­
mum output without an alarm, set the distance unit to 
allow the machine to operat e at maximum hydrogen 
pressure and 0 .95  per unit voltage ( lowest voltag e 
for which tlie capability curve applies).  Where the 
maximum capability of the m achine cannot be realized 
without exc eeding the steady-state stability limit, 
set the distance unit to op erate before the steady­
state limit is exceeded. Capability curves similar 
to Fig. 7 are obtained from the generator manufacturer. 

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

VT 2, 
Fig. 8 by calculating --- where VT is the per 

(KVA)C 
u nit terminal voltage and (KVA )c is the per unit out­
put (u se conjugate valu e )  

For exampl e ,  from fig .  7 ,  an output o f  0 . 6  p e r  
unit Kw o n  3 0# Hz curve is -0 . 4  per unit reactiv e 
KVA , then 

(KVA)c 

8 

- 1 (- 0 . 4 ) )o .6 2 + (-0 . 4 ) 2 L:-tan 0 . 6  

0 . 7 1 5 L+ 33 . 6° p e r  unit 

and Z - ---
( KVA)c 
per unit as shown in fig .  8 .  

After plotting the steady-state stability limit and 
the m achine capability curves on the R-X diagram, 
plot the relay circle between the stability limit and 
the capability curve. (Not e  in Fig. 8 that the rel ay 
circle cannot be plotted within the 60 tt - V T = 0 . 95 
curve ,  since the m achine is beyond the steady-state 
stability limit for these condition s . )  This plot defines 
the desired reach Z A and r adius R of the relay 
circle. Then use the following procedure to select 
t ap settings. 

where 

1000 (kv) 2 Rc Zb ase = ohms 
(kva) Rv 

( 2 )  

Z base = one per unit prim ary ohms/ as 
seen from the relay 

kv = r ated phase-to-phase voltage of 
the machine . 

kva = r ated kva of t he machine 

R = the current transformer ratio. c 

R = the pot ential transformer ratio. v 

The actual setting s ,  ZA and Z c • are :  

ZA = ( ZA per unit) x ( Zbase ) 

Zc = ( Zc per unit) x ( Zbase) = 
( 2R-ZA) x ( Zbase) 

( 3 )  

( 4 )  

where R = radius o f  circle i n  per unit. 

The tap-plate setti ngs are made according 
to equations:  

where: 

TS 
( 5 ) 

1 ± M 

T = compensator tap value. 

S = auto-transformer primary tap val­
ue .  

l\ 1  = auto-transformer second ary tap 
value .  

(M i s  a per-unit value d etermi ned b y  t aking the 
sum of the valu es between the L and the R 
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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 :;;>; setting). 

The following procedure should be followed to ob­
t ain an optimum setting of the relay :  

1 . Select the lowest tap S which give a product 
of 18 .  6S A greater than d esired Z A and a pro­
duct of 6Sc greater than desired Zc . 

2. Select a value of �.1 that will most nearly mak e  
i t  equal t o :  

TS M = -- - 1 . z 
If the sign is negative, then the r.I taps are connected 
with the R lead above the L lead to raise the setting . 
S a m p l e  C a l c  ul at i a n  s 

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

3-phase,  60 cycles ,  3600 rpm, 18 kv, rated at 
0 9 pf, 1 8 3 , 500 KVA at 45 1tH2. 

Rc = 1400/ 1 Rv = 1 50/ 1 

If the recommended setting from Fig. 8 is used:  
Z A per unit = 1 .  fl8 

:;;>;c per unit = 2R - ZA = 2 x 0 . 9 4 - 1 . 68 = 0 . 20 

(The relay circl e in Fig. 8 was o btained by trial 
and error u sing a compass to get the desired radiu s  
a n d  offset. ) 2 

1000 (kv) Rc 
( 1) Zbase = 

(kva)R v 

1000 X ( 18) 2 X 1400 

183,500 X 150 
16.45 
ohms 

( 2) ZA = ZA(per unit) ( Zbase) = ( 1 .68) ( 16. 45) = 27. 6  ohms 

(3) Zc = Z c ( per unit) ( Zbase) = (0.  20) "( 16.45 )  = 3.  29 ohms 

To set ZA = 27. 6 
Step 1 :  The lowest tap S A for 18. 6 SA greater than 

ZA = 27 . 6  is 2.  Set SA in tap 2. 

Step 2: TA nearest to 27 . 6  = 1 3 . 8  is TA = 1 5 . 8  

2 

TA SA 

Set TA in 1 5 . 8  tap 

1 5 . 8  X 2 
Step 3 :  M A= --- - 1  = --- - 1  = 

z 27 . 6  
1 . 145 - 1  = + . 145 

Set M = + . 15 .  Place R lead in 0 ,  L lead in upper 
. 06 .  The relay s etting i s  now :  

TA SA 1 5 . 8  x 2 3 1 . 6  
Actual ZA = -- = = 27 . 5  

1 ± M 1 + 0 . 15 1 . 15  
This is 99. 7% of the desired setting. 

To set Zc = 3. 29 ohms: 

Step 1 :  The lo west tap S c for 6Sc greater than 3 .  29 is  

sc = 1 .  

set sc = 1 

Step 2 :  Tc ne arest to 3 . 29 = 3 . 29 is 3 . 64 
1 

Set Tc in 3 . 64 tap .  

Tc Sc 3. 64 x 1 
step 3: Me = -- - 1 = - 1  = 1. 107 - 1  = 

Zc 3. 29 

+. 107 

Hence ,  the nearest M C value is + . 12.  Now set 
R lead in 0 . 03 tap and L lead in the upper . 06 
tap .  

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

'J:C SC 3 .64  X 1 
Then,  Zc = --- = = 3 . 25 ohms , or 

< 1 +Me) 1 + . 12 
98 . 8% of the desired value.  

U n d ervo l t a g e  U n i t  

* A .  I n  application where multiple units are connected 
to the same bus, loss of field  of one unit may not 
d epress 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 cros s  compound turbine generator applica­

tion , the dropout voltage of the undervoltage 
unit should be s et 87 volts. 

2. F or waterwheel generator applications, with 

multiple m achine tied to a common bus,  the 
dropout voltage of the undervoltage unit should 
be s et at 87  volts.  

3 .  For all applications where the alum function 
is not to be used the undervoltage unit contact 
should be j umped ( 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 j umped ( shorted) ,  and 
the alarm circuit not used. In special cases 
the m achine may be treated as in  2 above. 

B. In cases where each generator is e quiped with 
its o wn transformer (unit conn e cted system)  the 
standard factory setting of 80 volts dropout (cor­
responding to 9 2 . 5 volts line to  line) i s  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 s etting is computed 

by: Setting = VIT = 1 . 5  VIN where VIN is phase 

to neutral voltage.  
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TY P E KLF R ELAY __________________________________________________________ _ 

Note: An electrical check of this particular setting 
is outlined in this instruction leaflet, under the he ad­
ing "Acceptance Check " .  

S E T T I N G  T H E  R E L A Y 

The type KLF relay requires a setting for e ach 
of the two compensators T A and Tc , for each of th e 
two auto-transformers, primaries S A and Sc, and for 
the undervoltage unit . 

C o m p e n s ator ( T  A a n d  Tc ) 

Each s et of compensator tap s  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 b etween common insert and 
tap inserts are m ade with a link that is held in place 
with two connector screws, one in t he common and 
one in the tap.  

A compensator tap setting is made by loosening 
the connector screw in the center. Remove the con­
nector s crew in the tap end of the link , swing the 
link around until it is in po sition over the ins ert 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 diagram 
from the distance unit characteristic. If the desired 
characteristic is similar to that shown on Fig. 5b, 
the links s hould b e  set vertically in the + T C arrow 
direction. If a characteristic similar to that shown in 
Fig .  5 c  is desired, set links horizontally in the - Tc 
arrow direction. 

Auto-Transformer  P r i m a ry ( SA a nd Sc ) 

Primary tap connections are made through a 
single lead for e ach transformer. The lead come s out 
of the tap plate through a sm all hole located j ust 
below the taps and is held in plac e on the proper t ap 
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 
time. 

1 0  

Auto· T r a n s former Second ary ( M
A and M

C
) 

Secondary tap connections are made through two 
leads identified as L and R for each transformer. 
These leads come out of the tap plate e ach through 
a small hol e,  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 v alue of a 
setting is the sum of the numbers that are crossed 
whe n going from the R le ad 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 m ade 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 
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 Uppe r . 0 6  0 

0 . 89 TS + . 1 2 Upper . 06 . 0 3  

0 . 9 2  TS + . 09 L ower . 0 6  0 

0 . 9 4  TS + . 06 Upper .06 Lower .06 

0.97 TS + . 03 . 0 3  0 

TS 0 0 0 

1 . 0 3  TS - . 0 3 0 . 0 3  

1 . 0 6  TS - . 06 Lower .06 Upper . 06 

1 . 1 TS - . 09 0 Lower .06  

1 . 14 TS - . 1 2 . 0 3  Upper . 06 

1 . 18 TS - . 15 0 Upper . 0 6  

Und ervo l tage  U n i t  

The voltage unit i s  calibrated to clo se i t s  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 
loc ated 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.  
D i re c t i o n a l  Sett i ng 

There is no setting to be m ade on directional 
unit. 
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TY PE K LF R E LAY ------------------------------------------------------�---•_.L_._4_1 ·_�_s_H 

I<LF RELAY (FRONT VIIIW ) 
t POSITION I �  FOR 0 UNIT TEST 

t t  POSITION I?- FOR Z AND V UNIT TESTS 

POS I t  POS 2 tt 

PHASE 
SHIFTER 

VARIABLE 
..-- AUTO-TRANSFORMER 

�i-o ± o-f-
PHASE 
ANGLE METER  

R : V VR

V 

res sA t---4----+-----' 
L A 

I z 

z Tc 

F-1 @ l·· I 
L_____ Me �3 i L___ 

, ! v  ��L T�c � 0 I TA 0 

res �� lie- 2 �xo 
o � T "'------ � :- - -- - - - - - - -- - - :r�� -- - - - - - - - - - - - - - - - - - - -� 

� - - - - - - - -- - - - -� - -- - - - - - - - -/:-it-! _ _ _ _ _ _ _  ; 
I ® 3 y + J2+ 7 i� �+ _Q� I 

4 - 5  AMP. 
LOAD 

L RESET A � �LOAD 

r� SWITCH � ���==========t===============t=====t==============t====�======= 
I I I 3 PHASE § � j 120 VOLTS 

Fig. 9 Diagram of Test Cormections for KLF Relay 

290B580 

I n d i c at i n g  Contractor Sw i tch  ( I C S )  

N o  setting i s  required o n  t h e  ICS unit except 
the selection of the 0. 2 or 2. 0 ampere t ap setting . 
This selection is made by connecting the lead lo­
cated in front of the t ap block to the desired setting 
by me ans of the connecting screw. When the relay 
energizes a 125 volt or 250 volt d .c .  type WL rel ay 
switch , or equivalent , use the 0. 2 ampere tap.  For 
48 volt d. c. applications set ICS in 2 ampere tap and 
use Slt304C 209G0 1 type WL relay coil or equivalent. 

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

I N S T A L L A T I O N  

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 or by means of 
the rear m ounting stud or studs for projection mount­
ing. Either a mounting stud or the mounting screws 
may be utilized for grounding the relay. The elec­
trical connections may be m ade directly to the termi­
nals by me ans of screws for steel panel mounting or 
the terminal studs furnished with the relay for thick 
panel mounting. The terminal studs may be easily 

For detailed FT Case information refer to I. L .  
4 1-076 . 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adj ustments to insure correct opera­
tion of this relay have been m ade at the factory. Upon 
receipt of the relay, no customer adj ustments, other 
than those covered under "SETTINGS, "  should be 
required. 

A c c eptan c e  C h e c k  

The following check is recommended t o  insure 
that the relay is in proper working order:  
A. Distance Unit (Z)  

1. Conne ct the r el ay as shown in Fig. 9 with 
the switch in po sition 2 and the trip circuit 
de energized. 

2. Make the following tap settings : 

TA = 1 1 . 5  
SA = 2 
M A = - . 0 3  

Tc = 2. 55 
s c = l 
M e = - .09 
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TYPE K L F RE LAY __________________________________________________________ _ 

Tc link in middle block should be s et for +Tc 
direction .  

This setting corresponds to Z A = 23 .7  Z c = 2. 80 

Adjust the phase shifter for 90 o current l agging 
the voltage.  

3 .  With the terminal voltage at  80 volt s ,  increase 
current until contacts just close. This current 
should be within ± 3% of 2.  25 amp ( 2. 3 2-2. 18 
amp . ). This value corresponds to 1 . 5 Z  A set­
ting since the voltage as applied to terminal s  
4 and 5 i s  equivalent t o  1 . 5V1N voltage, or 

v 1N 80 1 
ZA = -- = - x -- = 23.7 ohms. 

1 1 1 . 5  2 . 25 

4. Adjust phase shifter for go o current leading 
the voltage. 

5 .  With the terminal valtage at 80 volts increase 
current until contacts just close.  This current 
should be within ± 3% of 1 9 . 0  amp s .  ( 19 . 6-
18 .  4 amps . )  This value corresponds to 1 . 5Zc 
setting for the s am e  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 s hown in Fig. 9 ,  with 
the switch in position 1 and the trip circuit 
deenergized. 

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

3 .  Raise the voltage to 1 20 volts and vary the 
phase shifter to obtain the two angl es where 
the moving contact just m akes  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 G ap The gap between the stationary 
contact and moving contact with the relay in 
deenergized position s hould be approximately 
. 0 20 ". 

C. Undervoltage Circuit 

12  

1 .  Connect t h e  relay a s  shown i n  figure 9 ,  with 
switch in position 2 and the trip circuit de­
energized. 

2.  D ecrease the voltage until the contact s clos e 
to the left.  This value should be 80 ± 3% volts. 

D. Reactor Check 

Apply 1 20 volts AC across terminal 6 and 7 .  
Measure voltage  from t erminal 6 t o  4 and 7 t o  4.  
These voltages should be  equal to each other within 
± 1 volt . 

Routine Maintenance 

All contacts s hould be periodically cleaned. A 

contact burnisher S11182A8 36HO 1 is recommended for 
this purpose .  The use of abrasive m aterial for clean­
ing contact s is not recommended , because of the 
danger of embedding small particles in the face of 
the soft silver and thus impairing the contacts.  

R e p a i r  C a l i brat i o n  

A. Auto-transformer Check 

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

1)  Set sA and Sc on t ap number 3 .  Set the "R" 
leads  of M A and Me all on 0 . 0  and disconnect 
the "L" leads. Adjust the voltage for 90 volts.  
Measure voltage from terminal 5 to the t ap 111 of 
SA' It  should be 30 volts ( ±1 ) .  From terminal 5 
to tap 11 2  of S A should b e  60 volts .  The s am e  
procedure should be  followed for tap s  111 and 
112 of Sc· 

2) Set SA and Sc on 1 and adj ust the voltage at 
the relay terminals for 100 volts. Measure volt­
age drop from terminals 5 to each of the M A and 
Me tap s .  This voltage  should be e qual to 100 
( ± 1 )  plus the sum of values between R and t ap 
being m easured. Example 100 ( 1  + . 03 + .06)  = 

109 volts .  

Transformers that h ave an output different from 
nominal by more than 1 . 0  volt probably have 
been damaged and should b e  replaced. 

B. Distance Unit (Middle Unit) Calibration 

Make following t ap plate  settings.  

TA = 15 .8 ;  Tc = 5. 1 

SA = Sc = 1 

Make M A = Me = -. 15  settings: 

"L" lead should be connected to the "0" insert 

"R" lead should be  connected to the upper " .06" 
insert. ( -. 0 3 -. 0 6 . 06 =-. 15 between L & R) .  

For  the most accurate  calibration preheat relay 
for at least an hour by energizing terminals 5, 6 
&7 with 1 20 volts ,  3 phase. 

'I 
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The links in the middle tap block should b e  set 
for the +Tc direction. 

1) Contact Gap Adj ustment 
The spring type pressure clamp holding the 

stationary contact in position should not be loosened 
to make the necessary gap adj ustments. 

With moving contact in the opened position, i . e .  
against right stop o n  bridge ,  screw in stationary 
contact until both contacts j ust make (use neo n 
light for indication). Then screw the stationary 
contact away from the moving cont act 1- 1/3 turn 
for a cant act gap of . 040 ". 

2. ) Sensitivity Adj ustment 

U sing the connections of Fig. g, apply 10 
volts a.c. goo leading, to terminals 4 and 5 

pass . 4 20 amperes through current circuit 
(terminals g and 8). The spiral spring is to 
be adjusted such that the cont act s will j ust 
close. Deenergize the relay.  The moving 
contact should return to open p osition 
against the right hand stop. 

C) Imped ance Characteristic Check 
1 ) Maximum Torque Angle 
Adjust resistor RR(mounted on the b ack of the 

relay) to m easure 8800 ohms. Applying 100 volts a.c.  
to terminals 5 and 4 and passing 5.  2 ampere s ,  through 
the current circuit turn the phase shifter until the 
moving contact opens . Turn the phase shifter b ack 
( few degrees) until cont act s close. Not e degrees. 
Continue to turn the pl_lase shifter until contact open s ,  
then swing phase shifter back until contact close s 
again. N ote degrees. The m aximum torque angle 
s ho u l d  be ( ±  3°)  c omp ut ed as fo llo ws :  

D egrees t o  Close Contacts a t  L eft + 
D egrees to Cl?_se Co ntacts at Right 

= goo 2 

Adj ust resistor � until the correct maximum-torque 
angle is obtained. 
2) Impedance Check 

a. Adjust voltage to be go volts.  
For current lagging go o the impedance unit should 
close its contacts at 3. 1 2  - 3. 35 amp . 

Reverse current leads, the impedance unit should 
close its contacts at g, 7 - 10.3  ampere s .  

b .  Reverse the link s in the middle tap block to -Tc 
position. Apply current of 10 amp s .  The contacts 
should stay open. Reverse current leads to original 
position. The contacts should open when current 

is increased above g .  7 - 10. 3 amperes. 

Set links back to +Tc position. Change S A and 
Sc to setting " 2 " .  Keeping voltage at go volt s,  
g o o  leading check pick-up current. It  should be 
1 . 56 - 1 . 68 amperes. Now set the phase shifter 
so that voltage l ags the current by g o o. Imped ance 
unit s hould trip now at 4 . 85 - 5. 15 amperes. 

c .  Set TA = 1 1 . 5 ,  Tc = 2.55 , SA = 2 ,  Sc = 1, MA = 
-. 03 Me = -. og. Set voltage at go volts leading 
the current by goo. Impedance unit should trip at 
2 . 6 1-2. 45 amp. Reverse current leads. Pickup 
should be 20 . 8-22. 1 amp . 

Change S A• S c = 3. Check pickup. It should be 
6 , g5-7. 35 amp. Reverse current leads. Pick-up 
should be now 1. 74- 1.63 amp. 

D) Directional unit (Top Unit) 
1) Contact G ap 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 op ened position, i . e .  
against right stop on bridge, screw in stationary 
contact until both contacts j ust m ak e. Then 
screw the stationary contact aw ay from the mov­
ing contact 3/4 of o ne turn for a contact g ap of 
. 0 2 2 " .  

2) Sensitivity Adjustment 

With reactor X having its core scre wed out by 
about 1/8 i nch apply 1 . 00 volt to terminals 6 and 7. 

Observing polarities as per schematic, and 5 amp eres 
current leading the voltage by 13°, the spiral spring 
is to be adj usted such that the contacts will j ust 
close. The adjustment of the spring is acc omplished 
by rotating the spring adj uster which is located on 
the underside of the bridge. The spring adj uster has 
a notched periphery so that a tool may be used to 
rotate it. The spring type clamp holding the spr ing 
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 c 
T A center link to t erminal 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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TY PE KLF R ELAY __________________________________________________________ _ 

adjustm en t .  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 unti l spurious torque is 
reversed. 

f. When plug adj ustm ent i s  completed check to see 
that there is no closing torque wh en relay is 
energized with 40 amps and voltage terminals 
6 and 7 short-circuited. 

4) Maximum Torque Angle Check 

With 1 20 volt s and 5 amp eres applied , vary the 
phase shifter to obtain the two angles where 
the moving contacts just close. These two angle s  
(where torqu e  reverses) should be where the 
current leads the voltage by 283° ± 4o and 103°  
± 1 .  Readjust the  reactor X d if necess ary. 

E) Undervoltage Unit ( L ower Unit ) 

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

1) Contact G ap Adjustments 

a) L . H .  (Normally Closed) Contact Adj ustment 

With the m oving contact arm in the closed posi­
tion ,  against left hand side of bridge,  screw the 
l eft-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 )  Cont act Adjustme nt 

With moving contact arm against the left hand 
stationary contact screw the right hand stationary 
cont act until it just touches the moving contact . 
Then back the right hand contact out two-thirds 
of one turn to give 0 .0 20 inch contact gap .  

2) Sensitivity Adjustment 
a) Apply voltage  to terminals 4 & 5. With the 
adjustable resi stor, w hich is located at the upper 
left hand corner ,  set for maximum resistance ( 2500 
ohms ) adjust the spring so that cont acts make (to 
the left) at 70 volts.  The contacts should open 
when unit is  energized with 7 1  or more volts.  

b)  Rel ay is shipped with 80  volts setting. This i s  

accomplished b y  lowering resistance value until 
contacts make at 80 volts and open w he n  unit i s  
energized with 8 1  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 

14  

d-e current through the trip circuit t o  close the con­

tacts of the ICS. This value of current srwuld not b e  
greater than the p articul ar I C S  tap s ettings being 
us ed.  The indcator target should drop freely. 

G) Telephone Relay 

Energize the telephone relay with 1 2 0  volts d-e .  
The telephone relay should operate positively. With 
an air gap of . 003"  - . 004"  the contacts should not 
close for approximately 15 cycle s  after the relay i s  
de-energized. 

H) Compens ator Check 

Acc uracy of the mutual imped anc e T of the 
compens ators is  set within very close tolerance s  at 
factory and should not change under normal condi­
tions. The mutual i mpedance of the compensators can 
be checked with accurate instruments by the procedure 

outlined below. 

1 .  Set TA on the 1 5 . 8  tap 

Tc on the 5 . 1 t ap 

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

3. Pass 10 amperes a. c .  current in t erminal 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 check ed b e-­
tween lead L A and terminal 5 .  

For T A = 1 5 . 8  the voltage measured should b e  237 
volts ± 3%. 

6.  Compensator C voltage should be checked between 
lead L c and the fixed terminal on the re sistor 
which is mounted in the r ear. 

For Tc = 5 . 1 ,  the voltage s hould be 7 6 . 5  volts ( ±  
3%). 

7. For all other tap s  the compensator voltage i s  
1 . 5 IT ( ± 3%) 
where I - relay current 

T - tap setting. 

R E N E W A L  P A R T S  

Repair w ork c an b e  done most s atisfactorily at 
the factory. However , interchang e able p arts can be 
furnished to the customers who are e quipped for 
doing rep air 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 FT4 1 Case. 
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Westinghouse I. L .  41 -748G 

I N ST A L L A TI O N  • O P E R A T I O N  • MA I N TE N A N C E 

I N S T R U C T I O N S  
T Y P E  K L F  L O S S - O F - F I E L D  R E L A Y  

C AU T I O N  B efore putting protective relays into ser­
vice, remove all blocking which may h ave been in­
serted for the purpose of securing t he p arts during 
shipment, make sure that all moving p arts operat e  
freely, insp ect the c ontacts to see that they are 
clean and close properly, and operate the relay to 
check the s ettings and electrical connections.  

A P P L I C A T I O N  

The KLF relay i s  a single-phase relay connected 
to the a-c side of a synchronous machine and contains 
three units connected so that t h e  operation of two 
units sounds an alarm w arning the operator of a low 
excitation condition, and the additional op eration of 
the third unit sets up t he trip c ircuit . The relay can 
be applied w ithout modification to all types of syn­
chronous machines. 

C O N S T R U C T I O N  

The r elay consists of two air-gap transformers 
( compensators) , two tapped auto-transformers, one 
reactor , one cylinder-type d istance unit, directional 
unit with adjustable reactor, an undervoltage unit 
with adjustable resistor, telephone r elay, and an ICS 
indicating contactor switch. 

C o mp en sato r 

The compensators w hich are designated T A and 
and Tc are two-winding air gap transformers ( Fig. 2) .  
The primary or  current winding of  the long-reach 
compensator T A has seven taps w hich terminate at 
the t ap block . They are marked 2 . 4 , 3 . 1 6 ,  4 . 35 ,  5 . 9 3 , 
8 . 3 ,  1 1 . 5 ,  1 5 . 8 .  The primary winding of the short­
reach compensator T c also has s even t aps which 
terminate at this tap block . They are m arked 0 . 0 .  
0 . 9 1 ,  1 .  2 7 ,  1 . 8 2, 2 . 5 5 ,  3 . 64 ,  5 . 1 .  A voltage is induced 
in  the s econdary which is proportional to t h e  pri­
mary tap and current magnitude . This proportionality 
is established by the cross s ectional area of the 
laminated steel core, the l ength of an air gap which 
is located in the center of the coil ,  and t he tightness 
of  the laminations. All of these factors which in-

SUPERSEDES I . L .  4 1 -748F 
* Denotes c h a n g e  from s u perseded i ss u e .  

fluence t h e  secondary voltage proportionality have 
been precisely set at t he factory. The clamps which 
hold the laminations should not be disturbed by either 
tightening or loos ening t he c lamp screws . 

The s econdary winding i s  connected in series 
with the relay terminal v oltage . Thus a voltage w hich 
is proportional to the line current is  added v ectorially 
to the r el ay terminal v oltage . 

Auto- T r a n s fo r m e r  

The auto-transformer has t hree t ap s  o n  its main 
winding, S, which are numbered 1 ,  2, and 3 on the tap 
block. A t ertiary winding M has four taps w hich may 
be connected additively or subtractively to inversely 
modify the S setting by a ny value from - 15 to +15 
percent in steps of 3 percent . 

The sign of M i s  negative w hen the R lead is 
above the L lead.  M i s  positive when L is i n  a tap 
location which i s  above the tap location of the R 
lead. The M setting i s  determined by the sum of per 
unit values between t he R and L lead. The actual 
per unit values which appear on the t ap plate b e­
tween t ap s  are 0 ,  . 03 ,  . 0 6 , and .06 .  

The auto-transformer makes i t  possible t o  expand 
the b asic ranges of the long and the short reach corn­

S 
pensators by a multiplier of --M-. Any relay ohm 

1 ± 

setting can b e  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 . 

I m p e d an c e  T r i p p i ng U n i t  

The distance unit i s  a four pole induction cyl­
inder type unit .  The operating torque 0f 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 d irection of t h e  
torque s o  produced depends on t h e  fault location 
with respect to the balance point setting. 
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TYP E K LF R E LAY _________________________________________________________ I . L_._4_1 -_74_B_G 

P R I M AR Y  L A M I N AT E D  

C O R E  

Fig. 2 Compensator Construction 

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 s erves a s  a mounting 
structure for the magnetic core. The magnetic c ore 
which houses the lower pin bearing is s ecured to the 
frame by a locking nut . The b earing c an be replaced, 
if neces sary, without having to remove the magnetic 
core from the frame . 

The electromagnet h as t wo s ets of two s eries 
connected coils mounted diametrically opposite one 
another to excite each s et 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, w hich 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, 

IIIOI CATIIIG 
COITACTOJI 
SWITCH 

20001"1 - 125 v.o.c. 80000 - 2SO V.O.C. 

WITII IEU.lln 
llftoliiiT&II[DIII I'OLUITIEI 
t�.nm tr.J�IftTIOIIAt. 

FRONT V I EW 

UIID£1 ftl TI&E UIIT 
{�R IHIIT) 

LONG REACH COMPENSATOR 
OI RECTIOIU.l 1111 11  

(TOP UIUT} 

184A958 

Fig. 3 Internal Schematic of Type KLF Relay in FT4T 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. H ow ev er , this adjustment is ac­
curately m ade at the factory and is locked in p lace 
with a lock nut and s hould 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 t otal 
free travel.  Free travel is  the angle through which 
the hub will slip from the condition of reset to the 
point w here the clamp projection begins to ride up on 
the wedg e .  The fre e  travel can vary between 15° to 
2Q o, 

The s haft has removable t op and b ottom j ewel 
bearings . The s haft rides between the b ottom pin 
bearing and the upper pin bearing with the cylinder 
rotating in an air g ap formed by the electromagnet and 
the magnetic core. The stops are an integral p art of 
the bridge. 

The bridge i s  s ecured to the e lectromagnet and 
frame by two mounting screws. In addition to holding 
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------- r ,  tOO<to P. F. LOAD PHA.SE I · () I t  T I 0N l � ':' , ' l  D C TRIP B U S  

POS.,--...,..----

f_ :_ ' v  

43° v t4� ··r ·3 - 02 U 
TO 

ALARM 

DEVICE NUMBER CHART 

X 

OAO 

R 

Z D 

NT ACT 
CLOSING ZONE 

SYSTEM R-X D lA GRAM 

D I STANCE UN I T  VECTORS 
FOR 100, P.F .  GENERATOR OUTPUT 

ll-O·LOSS OF F I ELD RELAY. TYPE KLF 
D-DI RECTIONAL UN I T  I N  TYPE KLF RELAY 

ICS-INDICATIMG COMTACTOR SWITCH I N  
TYPE K L F  RELAY 

TA-LONG REACH COMPENSATOR 
ON TACT 

CLOSES 
TC·SHORT REACH COMPENSATOR 

t - FUSE l(lf RELAY SEPARATELY FROM 
All OTHER SECONDARY BURDENS 

Y-YOLTAGE UN I T  Ill TYPE l(lf RELAY 
X-TELEPHONE RELAY I N  TYPE KLF RELAY 
l-IMPEOANCE UN I T  I N  TYPE KLF RELAY o 

V23 ( RE F. )  
I�  

- I  
113-0N-OFF CUT-OUT SWITCH 
52-POWER C IRCUIT BREAKER 

A-BREAKER AUX I L I ARY SWITCH 
TC-BRE.UER TR I P  CO ll 

X-DENOTES CONTACTS CLOSED 
0 I RECTI OMAL UNIT  VECTORS 

FOI tOOl P.F. GENERATOR OUTPUT 

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 . 00 2  to . 00 6  inch follow which is 
set at the factory by m eans of the adjusting screw. 
Aft er t he adj ustment is made the screw is seal ed in 
position with a material which flows around t he 
threads and then solidifies. The stationary contact 
housing is h eld in position by a spring type clamp. 

The spring adj uster is  located on the underside of 

the bridge and is attached to the moving contact arm 
by a spiral spring. The spring adjuster is also held 

in place by a spring type clamp . 

When c ontacts clos e ,  the e lectrical connection 

is made t hr ough the stationary contact housing clamp , 

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

D i rec t i o n al U n i t  

The d irectional unit i s  a n  induction cylinder 

unit operating on the int eraction between the polariz­

ing circuit flux and th e operating circuit flux . 

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

4 

die-cast aluminum frame ,  an electromagnet, a moving 

element assembly, and a molded b ridge . 

The electromagnet h as t wo series-connected 
polarizing coils mounted diametrically opposite one 
another; two series-connected operating coils mounted 
diametrically opposite one another; two magnetic ad­
justing plugs;  upp er and lower adjusting plug clips ,  

and two locating pins. The locating pins are  used to 

accurately position the lower pin b e aring , which is 
threaded into the b ridge .  The e lectromagnet is se­
cured to the frame by four mounting scr ews . 

The moving el ement assembly consists of a 

spiral spring,  contact carrying member ,  and an alu­

minum cylinder assembl ed t o  a molded hub which 

holds the shaft. The s haft has r emovable t op and 

bottom j ewel bearings. The s haft 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 m agnetic c ore. 

The bridge is secured t o  the electromagnet and 

frame by two m ounting screws . In addition to holding 
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+X + X  + X + zc -zc -R +R -R - R  +R -ZA ZA J ZA - X -X -X 
(a )  WITH Zc • 0 (b) WITH Zc > 0 ( C )  WITH zc < o 

Fig. 5 R-X Diagram Characteristics with Various Zc -

Compensator Settings 

the upper pin bearing, the bridge is used for mounting 
the adjustable stationary co ntact housing. The sta­
tionary contact housing is held in position by a spring 
type clamp. The spring adju ster is l o cated on the 
underside of the bridge and is attached to the moving 
contact arm by spiral spring. The spring adjuster is 
also h eld in place by a spring type c lamp. 

U nd e rv o l tage U n i t  

The voltage unit i s  an induction-cylinder unit. 

Mechanically, the voltage unit is c omposed l ik e  
the directional unit , of four compon ent s: A diecase 
aluminum frame, an electromagnet, a moving element 
assembly, and a molded bridge. 

The electromagnet has two p airs of voltage c oils. 
Each pair of diametrically opposed coils i s  c onnected 
in series. In addition one pair is in series with an 
adj ustable resistor. These sets are in parallel as 
shown in Fig .  3. The adjustable resistor serves not 
only to s hift the phase angle of the o ne flux with re­
spect to the other to produce t orque, but it also 
provides a pick-up adjustment . 

Otherwise t he undervoltage unit is s imilar in its 
construction to the directional unit. 

T el ephone Rei ay 

The telephone relay ( X) has a slow drop-out 
characteristic. When energized, the sol enoid core 
attracts an iron right-angle armature bracket w hich in 
turn opens the b reak c ontacts.  In actual se rvice, the 
relay is normally energized holding t he break con­
tacts open. ( Note:  the make c ontacts are not used . )  
Drop-out del ay adjustment i s  obtained b y  varying 
the air-gap b etween t he armature and the core. 

a.) I 1 - o 

VpoL( R E r.) 

.r <  (- 1. 5Z  1 Zc){ 
b) r , �! r , l�o pv,y 

CON:T�ACT 
CLO S 

Vop . ..-+--+---�VIT 
I \ 1 I 

RELAY- TYPE K L F  VECTOR D IAG RAMS 

185A331 

Fig. 6 Effect of Compensator Voltages ( Zc i s  positive) 

I n d i c at i n g  Con t actor S w i tch U n i t  ( I C S) 

The d-e indicating contactor switch is a small 
clapper-type device. A m agnetic armature, to which 
leaf-spring mounted contacts are attached , i s  at­
tracted to the magnetic core upon energization of the 
switch. When the switch close s ,  the moving contacts 
bridge two stationary contact s ,  completing the trip 
circuit. Also during this operation t wo 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 r eset from the outside of the 
case by a push rod located at the b ottom of the c over. 

The front spring, in addition to h olding the tar­
get , provides r estraint for the armature and thus con­
trols the pickup of the s witch. 

O P E R A T I O N 

The relay is c onnected and applied to the system 
as s hown in Fig. 4. The directional unit closes its 
contacts for lagging var flow into the machine. Its 
zero torque line has b een set at - 1 3° from the R-axis. 
Its primary function is t o  prevent operation of the 
relay during external faults. The impedance unit 
closes its contacts w hen, as a res ult of reduction in 
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� "' 
"' > 
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PER UNIT KW 
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185Al83 

Fig. 7 Typ ical Machine Capacity Curves Plotted on a Per 

Unit KVA Basis (183,500 KVA, 45tt H2, 1 8KV, 0.9 

pf, 0. 64 SCR, inner-cooled, 3600 rpm.) 

excitation, the impedance of the mac hine as viewed 
from its terminals is less than a predetermined value. 
The operation of b oth 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 c ontacts of all three units are c on­
nected in series across a telephone type r elay desig­
nated X, wh ich provides approximately 15 cycles 
time delay on dropout before energizing the trip coil . 
This time delay is to insure positive c ontact c oor­
dination under all possible operating conditions. 
During normal conditions, all cont acts are open. 

P r i n c i p l e  of  D i stance  U n i t  O p er a t i o n  

The distance unit is an induction cylinder unit 
having directional c haracteristics . Operation depends 
on the phase r elationship between magnetic flux es 
in the poles o f  the electromagnet. 

One set of opposite .uoles , designated as the 
operating poles are energized by voltage v1 T modified 
by a voltage d erived from the long reach c ompensator 
T A· The other set of poles (polarizing) are e nergized 
by the sam e voltage v1T except modified by a v oltage 
derived from the short reach c ompensator Tc . The 
flux in the polarizing pole i s  s o  adjusted that the 
unit closes its c ontacts whenever flux i n  the operat­
ing set of poles l eads the flux in the polarizing set. 

6 

The voltage v1T is e qual to 

v 1T = v1 2 + 0 · 5 v23 = 1 . 5  v 1N ( 1) 

RESI STANO� IN P E R  U N I T  y-----,...o;;;;c-�'------'�--'__::;·6 _ ___::�.,---�,.....,��--"1.4 

T Y P I CAL MACHINE CAPA B I L I TY CURVES AND 
SAMPLE KLF RELAY SETTING , PLOTTED ON 
A PER U N I T  lhtPmANCE BASIS 

185Al84 

Fig. 8 Typica l Machine Capacity Curves and Sample KLF 

Settings - Per Unit Impedance 

As shown in Fig. 4 , one-half of V 23 voltage is 
physically derived in the rel ay at midtap of a reactor 
connected acr oss v oltage V 23 . 

Reach of the distance unit is d et ermined by 
compensators T A and Tc as modified b y  auto-trans­
former s ettings. Compen sators T A and T c are de­
signed so that its mutual imp edance Z A or Zc has 
known and adj ustable v alues as des cribed b elow 
under CHARACT ERISTICS and SETTINGS. The 
mutual impedance of a compensator is d efined h ere 
as the r atio of s eco ndary induced v oltage t o  primary 
current and is equal to T. Each secondary compensa­
tor voltage i s  in series with the voltage v1T . Com­
pensator voltages are e qual to 1 . 5  I 1 ZA for l ong 
reach c o mpensator and 1 . 5  I 1 Zc for short reach 
compensator, where I ,  is the relay current . 

Fig. 5 shows how the compensation voltages 
1 . 5I1 ZA and 1 . 5  I 1 Zc influence the R-X circle. Note 
that Z A independently determines the "long reach " ,  
while Zc independently fixes the "short reach " .  
With the reversing links i n  the normal position ( +Zc) 
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the circle includes the o rigin; with the opposite link 
position ( -Zc)  the circle misses the origin. The fol­

lowing p aragraphs explain this compensator action. 

Referring to Fig. 4 note that R B and C B cause 
the polarizing voltage to be shifted goo in the leading 
direction. Thus ,  when the current is z er o ,  polarizing 

voltage V POL leads the operating voltage Vop by 
goo, as shown in Fig. 6(a). This relation produces 

restraining torque.  To illustrate how Z A fixes the 

long reach, assume a relay current which leads v1N 
by goo and of sufficient magnitude t o  operate the 
relay. This means the apparent impedance is along 
the -X axis. Note in Fig. 6(b) that the ZA compen­
sation r everses the operating voltage phase position. 

The relay b alances when thi s voltag e  is zero. Note 

that this balance is unaffected by the Zc comp ensa­

tion, since this compensation merely increases the 
size o f  VpoL. 

For lagging current conditions not e  in Fig. 6( c) 

how V POL is reversed by the Zc compensation. In 

this case the Z A 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 r eversed, 
the compensation becomes +1 .51 ,  Zc. In Fig. 6(b) 

this change would result in, VPOL being reduced 

rather increas ed by the compensation. As the current 

increases VPOL 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. 

C H A R A C T E R ! S T I C S  

The type K LF relay is available in one range. 

D i st a n c e  U n i t  

The distance unit can b e  set t o  have charac­
teristic circles that p ass 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 c an be made for any v alue from 2 . 08 to 

56 ohms for ZA , and from 0.  7g ohm to 18 ohms for Zc 
in steps of 3 percent. 

The taps are marked as follows:  

2. 4 ,  3. 1 6 ,  4. 35,  s . g3 ,  8 . 3 ,  1 1. 5 ,  15.8  

0 .0 ,  o . g 1 ,  1 . 27, 1 .82,  2 .55 ,  3 . 64 ,  5 . 1 

1, 2, 3 

± values b etween t aps . 0 3 ,  . 0 6 ,  . 0 6  

D i rect i o n a l  U n i t  

The KLF relay is designed for potential polari­

zation with an int ernal phase shifter, so that maximum 

torqu e occurs when t he operating current leads the 

polarizing voltage by appro!imately 13 degrees. The 

minimum pickup has been s et by the spring t ension to 
be approximately 1 volt and 5 amperes at maximum 

torque angle .  

U nd e rvo l tage U n i t  

The undervoltage unit is designed to close it s 
contacts when the voltage is lower than the set value. 

The undervoltage unit is energized with v1T -voltage. 

This voltage is equal to 1 . 5 V  1N voltage. The con­
tacts can be adjusted to close over the range of 65 
to 85 percent of norm al system voltage. The dropout 
ratio of the unit is g3 percent or higher. 

T r i p  C i rc u i t  

The m ain contacts will safely clos e 3 0  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 b reaker. 

The indicating contactor switch has two t aps 
that provide a pick-up setting of 0 . 2  or 2 amperes. To 

change taps r equires connecting the lead located in 

front of the t ap block to the desired setting by means 
of a screw connection. 

T r i p  C i rc u i t  C o n stant  

Indicating Contactor Switch (ICS) 

0 . 2  ampere t ap - 6 . 5  ohm d-e resistance 
2. 0 ampere t ap - 0 . 15 ohm d-e resistance 
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B urden 

Current 
@ 5 amps, 60 cycles 

TA & Tc 
SETTINGS 

MAX. 
MIN .  

VA 

18. 6 
3 .8 

P ot ential 

ANGLE 
OF L AG 

@ 1 20 volts ,  60 C.}':Cles 

Phase AB Phase BC 

VA 

18 .0  
14 .4  

13 .9  

RATING 

1 25 
250 

T h e r m a l  R a t i n g s  

ANGLE 
OF L AG VA 

-

20 2. 6 
3 1 ° 5 . 9  
3 9 °  6 . 6  

D-C Circuit 

WATTS @ RATED 

3 .9  
7 .8  

P otenti al : 1 3 2  volts ( L-L) continuous 

Current : 8 amperes continuous 

200 amperes for 1 s econd 

ANGLE 
OF LAG 

1 2° 
38° 

4 2° 

S E T T I N G S  C A L C U L A T I O N S  

D i stance U n i t  

Set the distance unit t o  op erate before the ste ady­
state stability limit is exceeded. Al so , to allow maxi­
mum output without an alarm, set the distance unit to 

allow the machine to operate at maximum hydrogen 
pr essure and 0 . 9 5  per unit voltage (lowest voltage 
for which the capability curve applies). Where the 

maximum capability of the m achine cannot be realized 

without exc eeding the steady-state stability limit, 

set the distance unit to operate before the steady­
state limit is exceeded. Capability curves similar 

to Fig. 7 are obtained from the generator manufacturer. 
To determine the desired setting convert the 

capability curve of Fig , 7 to the impedance curve of 

VT 2 ,  
Fig. 8 b y  calculating --- where VT i s  the per 

(KVA)C 
unit terminal voltage and (KV A)C is the per unit out­

put. If the c ap ability curve is a circle the radius R 1 

and offset C 1 of the inverse circle (VT = 1) can be 

c alculated as follows:  

8 

1 
c = ( 2) 

1 
R 

Cc 
2 - RJ (3)  

where c 1 = distance of capability - circle cen­
ter from origin of R-X diagram. 

R1 = radius of cap ability circle on R-X 
diagram. 

distance of power-circle cent er from 

origin. 

Rc = radius of power circle 

e = offset angle 

Aft er plotting the steady-state stability limit and 

the m achine c apability curve s  on the R-X diagram, 

plot the relay circle between the stability limit and 

the capability curve.  (Not e  in Fig. 8 that the relay 
circle cannot be plotted within the 60 # - V T = 0 . 95 
curve ,  since the m achine is beyond the steady-state 

stability limit for these conditions. )  This plot defines 
the desired reach Z A and r adius R of the relay 

circle. Then use the following procedure to select 

t ap settings. 

where 

1000 (kv) 2 Rc Zbase = ohms 

kv 

(kva) Rv 

one per unit primary ohms/ as 
seen from the relay 

= r ated phase-to-phase voltage of 
the machine . 

kva = rated kva of t he m achine 

R = the current transformer ratio. c 

R = the potential transformer ratio. v 
The actual settings,  ZA and Z c , are :  

Z
A 

= ( ZA per unit) x ( Zbase ) 

Zc = (Z c per unit) x ( Zbase) = 

( 2R-Z A) x ( Zbase) 

where R = r adius of circle in per unit. 

The tap-plate settings are made according 
to equations: 

where:  

TS 
( 5) 

1 ± t.l 

T = compensator tap value. 

s = auto-transformer primary t ap val­

ue. 

1\1 = auto-transformer second ary t ap 
value. 

(M is a per-unit value determined by t aking the 

sum of the values between the L and the R 
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leads .  The sign i s  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 rai s e  
t h e  Z setting) .  

The following procedure should b e  followed to ob­
tain an optimum setting of the relay:  

1 .  Select the lowest tap S which give a product 
of 18 .  6S A greater than desired Z A and a pro­
duct of 6Se gr eater than desired Ze. 

2. Select a value of H that will most nearly mak e  
it equal to:  

TS M = -- - 1 . z 
If the sign is neg ative , then the f,l taps  are connected 
with the R lead above the L lead to rai se the setting . 
S a m  p I e  C a I c u I  at i a n  s 

Assu me that a KLF relay i s  to be applied to the 
following m achine : 

3-phase , 60 cycles ,  3600 rpm , 18 kv,  rated at 
0 9 pf,  183 , 500 KVA at 45 11H2 . 

Rc = 1 400/ 1 Rv = 150/ 1 

If the recommended setting from Fig. 8 is used: 
Z A per unit = 1 .  fl8 

?':e per unit = 2R - ZA = 2 x 0 . 94 - 1 . 68 = 0 . 20 

( Th e relay circl e i n  Fig. 8 was obtained by tri al 
and error u sing a compass to get the desired radiu s  
and offset. )  

( 1) zbase = 

2 
1000 ( kv) Rc 

(kva)Rv 

1000 X ( 18) 2 X 1400 

183, 500 X 150 
16.45 
ohms 

( 2) ZA = ZA(per unit) ( Zbase> = ( 1 . 68 )  ( 16 . 45 )  = 27 . 6  ohms 

(3) Zc = Z C ( per unit) ( Zbase> = (0.  20) \ 16 . 45 )  = 3.  29 ohms 

To set LA = 27. 6 
St ep 1 :  The lowest tap S A for 18. 6  SA great er than 

ZA = 27 . 6  is 2. Set SA in tap 2 .  

St ep 2: TA nearest t o  27 . 6  = 1 3 . 8  is TA = 1 5 . 8 

2 

TA SA 

Set T A in 1 5 . 8  tap 
1 5 . 8  X 2 

Step 3: l\1 = --- - 1 = 
--- A z --- - 1  = 

27 . 6  
1 . 1 45 - 1  = + . 145 

Set M = + . 15 .  Place R lead in 0 ,  L lead in u pper 
. 0 6 .  The relay s etting is now :  

TA SA 1 5 . 8  x 2 3 1 . 6  
Actual ZA = -- = = 27. 5  

1 ± M 1 + 0 . 15 1 . 15 
This is 9 9 . 7% of t he desi red setting. 

To set Zc = 3 . 29  ohms: 

Step 1 :  The lo west tap S e for 6Se greater than 3 . 29 is 
se = 1 .  

set se = 1 

Step 2 :  Te nearest to 3 . 29 = 3 . 29 is 3 . 64 
1 

Set Te in 3 . 64 tap . 

Te Se 3. 64 x 1 
step 3: Me = -- - 1 = - 1  = 1 . 107 - 1  = 

ze 3. 29 

+. 107 

Hence,  the nearest M e value is + . 12 .  Now set 
R lead in 0 . 03 tap and L l ead in the upper . 0 6  
tap . 

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

Te Se 3 . 64 x 1 
Then,  Ze = --- = = 3 . 25 ohms,  or 

o +Mel 1 + . 12  
98 . 8% of t h e  desired value. 

U n d e r vo l t a g e  U n i t  

* A. In application where multiple units are connected 
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 stan­
dard setting. The following recommendation should 
be added to : 
L For cross compound turbine generator applica­

tion, the dropout voltage of the undervoltage 
unit should be set 87 volts. 

2.  F or 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 j umped ( 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 us ed. 

5.  For Synchronous condenser and large motor 
applications, the undervoltage unit contact 
sho uld ,  in general , be j umped ( s horted) , and 
the alarm circuit not used. In special cases 
the m achine may be treated as in 2 above .  

B .  I n  cases where each generator is  e quiped with 
its own transformer ( unit connected system) the 
standard factory setting of 80 volts dropout ( cor­
responding to 9 2 .  5 volts line to line) is usually 
satisfactory for the undervoltage unit. It should 
operate at a level comm ensurate with the minimum 
safe voltage for system stability. 

e . The desired undervoltage unit s etting 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".  

S E TT I N G  T H E  R E L A Y  

The type KLF relay requires a setting for e ach 
of the two compensator s T A and Tc , for e ach of the 

two auto-transformers, primaries S A and Sc, and for 
the undervoltage unit. 

Compen s ator (T A and Tc ) 

Each set of compensator t aps 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 b etween common insert and 

tap inserts are m ade with a link that is held in place 
with two connector screws, one in the common and 
one in the t ap. 

A compensator tap setting is made by loosening 

the c onnector screw in t he center. Remove the con­

nector screw in the t ap 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 c enter. Since the link and con­

nector s crews carry operating current , be sure that 

the screws are turned to bind snugly. 

Compens at or Tc r equires an additional setting 
for including or excluding the origin of R-X diagram 
from the distance unit characteristic. If the desired 

characteristic is similar to that shown on Fig. Sb , 

the links should b e  set v ertically in the + T C arrow 

direction. If a characteristic similar to that shown in 
Fig. 5 c  is desired, s et links horizontally in the - Tc 
arrow direction. 

Auto-Transformer P r i mary ( SA a nd Sc ) 

Primary tap connections are made through a 

single l ead for e ach transformer. The lead come s out 

of t he tap plat e  through a small hole located j ust 

below the taps and is held in place on the proper t ap 
by a connector screw. 

An S setting is made by r emoving the connector 

screw, placing the connector in position over the in­

sert of t he desired setting, replacing and tightening 

the connector screw. The connector should never 

make electrical contact with more than one t ap at a 

time. 

1 0  

Auto-Tra n s former Secondary ( M
A 

and M
C

) 

Secondary t ap connections are mad e  through two 

leads identified as L and R for e ach transformer. 
These leads come out of the tap plate e ach through 

a small hol e ,  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 c an be m ade are 
from -. 1 5  to + . 15 in steps of .03.  The v alue of a 

setting is the sum of the numbers that are cross ed 

when going from the R le ad 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 l ead is higher. 

An M setting may be m ad e  in the following man­

ner : Remove the connector screws so that the L and R 

leads are free. Determine from t he following t able 

the desired M value and tap positions. Neither l ead 

connector should m ake electrical contact with more 
than one t ap at a time. 

Tabulated Settings 

z M L L e ad R L e ad 

0 .87  TS + . 1 5 Upper . 0 6  0 

0 . 89 TS + . 1 2 Upper . 0 6  . 0 3  

0 . 9 2  TS + . 09 Lower .06 0 

0 . 94 TS + . 06 Upper . 0 6  Lower . 0 6  

0 . 9 7  TS + . 03 . 0 3  0 

TS 0 0 0 

1 .03  TS - . 0 3  0 . 0 3  

1 . 06 TS - . 06 Lower .06  Upper .06  

1. 1 TS - . 09 0 L ower . 0 6  

1 . 14 TS - . 12 . 0 3  Upper .06  

1 . 18 TS - . 15 0 Upper . 0 6  

Un dervo l ta g e  U n i f  

The voltage unit is  calibrated to close i t s  con­

tact when the applied voltage is reduced to 80 volts. 

The voltage unit c an be set to close its contacts 

from 70 volts to 90 volts by adjusting the r esistor 

loc at ed 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. 

D i rect i o n a l  Sett i ng 

There is no setting to be made on directional 

unit. 
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Fig. 9 Diagram of Test Cormections for KLF Relay 

I nd i c at i n g  C o ntractor S w i t c h  ( I C S) 

No setting is required on the ICS unit except 
the selection of the 0.  2 or 2. 0 ampere t ap setting. 

This selection is made by connecting the lead lo­
cated in front of the t ap block to the desired setting 

by me ans of the connecting screw. When the relay 
energizes a 125 volt or 250 volt d.c.  type WL rel ay 
switch, or equiv alent , use the 0. 2 amp ere tap. For 
48 volt d. c. applications set ICS in 2 ampere t ap and 
use S#304C209G0 1 type WL relay coil or equivalent. 

I N S T A L L A T I O N  

The r elays should be mounted on switchboard 

panels br their equivalent in a location fre e  from dirt, 
moisture , excessive vibration, and heat. Mount the 

relay vertically by means of the four mounting holes 

6n 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 be utilized for grounding the relay .  The elec­

trical connections may be made directly to the termi­

nals by me ans 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 wi th a wrench. 

For detailed FT Case information refer to I .L.  

4 1-076. 

A DJ U S TM E N T S  A N D M A I N T E N A N C E  

The proper adj ustments to insure correct opera­
tion of this relay have been made at the factory . Upon 

receipt of the relay, no customer adj ustments,  other 
than those covered under "SETTINGS , "  should be 
required. 

Ac ceptan ce C h e c k-

The following check is recommended to insure 

that the relay is in proper working order :  

A. Distance Unit ( Z )  

1 .  Conne ct the r el ay as shown in Fig. 9 with 

the switch in position 2 and the trip circuit 

de energized. 

2. Make the following tap settings: 

TA = 1 1 . 5  

SA = 2 

M A = - . 0 3  

Tc = 2. 55 
S c = l  
M e = - .o9 
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T Y P E KLF RE LAY __________________________________________________________ _ 

Tc link in middle block should b e  set for +Tc 
direction. 

This setting corresponds to Z A = 23.7 Z c = 2. 80 

Adjust the phase shifter for go o current lagging 

the voltage. 

3.  With the t erminal voltage at 80 volt s,  increase 
current until contacts just close .  This current 

should b e  within ± 3% of 2. 25 amp ( 2. 3 2-2. 18 

amp . ) .  This value corresponds to 1 . 5 Z  A set­
ting since the voltage as applied to terminals 
4 and 5 is equivalent to 1 . 5V1N volt age ,  or 

V 1N 80 1 
ZA = -- = - x -- = 23.7 ohms. 

I1 1 . 5  2. 25 

4.  Adj ust phase shifter for go o current leading 
the voltage.  

5 .  With the terminal voltage at 80 volts increase 

current until contacts just close.  This current 

should be within ± 3% of 1g .o  amps . ( lg _ 6-
18 . 4  amp s . )  This value corresponds to 1 .5Zc 
setting for the sam e  reason as explained above. 

Contact Gap The gap between the stationary contact 

and moving contact with the relay in de energized 

position should be approximately .040' ' .  

B .  Directional Unit Circuit (D) 

1. Connect the relay as shown in Fig. g ,  with 
the switch in position 1 and the trip circuit 

deenergized. 

2. With a t erminal voltage of 1 volt and 5 amp eres 

applied, turn the phase shifter to 13° (current 
leads voltage). The contacts should be closed. 
This is the m aximum torque position. 

3.  Raise the voltage to 1 20 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 

cont act and moving cont act with the relay in 

deenergized position should be approximat ely 

. 0 20 ". 

C. Undervoltage Circuit 

1 2  

1 .  Connect the relay as shown in figure g ,  with 

switch in position 2 and the trip circuit de­
energized. 

2. D ecrease the voltage until the contacts clos e 

to the left. This value should be 80 ± 3% volts. 

D. Reactor Check 

App ly 120 volts AC across terminal 6 and 7. 

Measure voltage from t erminal 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#18 2A8 36HO 1 is recomm ended for 

this purpose.  The use of abrasive material for clean­

ing cont act s is not recommended, because of the 

danger of emb edding small particles in the face of 
the soft silver and thus impairing the contacts. 

R e p a i r  C a l i b rat i on  

A. Auto-transformer Check 

Auto-trans formers m ay be checked for turns ratio 

and polarity by applying a. c.  voltage to t erminals 4 

and 5 and following the procedure below. 

1) Set SA and Sc on t ap number 3 .  Set the "R" 
leads of M A and Me all on 0 . 0  and disconnect 
the "L" leads. Adjust the voltage for go volts. 

Measure voltage from terminal 5 to the t ap #1 of 
SA" It should be 30 volts ( ±1).  From t erminal 5 

to tap #2 of S A should b e  60 volts. The same 

procedure should be followed for t aps #l and 
#2 of Sc. 

2) Set SA and Sc on 1 and adj ust the voltage at 

the relay terminals for 100 volts. Measure volt­
age drop from t erminals 5 to each of the M A and 

Me t aps. This voltage should be equal to 100 

( ± 1) plus the sum of values between R and t ap 
being measured. Example 100 ( 1  + . 0 3  + . 0 6 )  = 

10g volts. 

Transformers that have an output different from 
nominal by more than 1 . 0  volt probably have 
been damaged and should be r eplaced. 

B.  Distance Unit (Middle Unit) Calibration 

Make following t ap plate settings. 

TA = 15 .8 ;  1C = 5. 1 

SA = Sc = 1 

Make M A = Me = -. 15 settings: 

"L" l ead should be connected to the "0" insert 

"R" lead should be connected to the upper ".06" 

insert . ( -. 03-. 0 6 . 0 6 = -. 15 bet we en L & R). 

For the most accurate c alibration preheat relay 

for at least an hour by energizing terminals 5 ,  6 

&7 with 1 20 volts, 3 phase. 
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The links in the middle t ap block should b e  set 
for the +Tc direction. 

1) Contact Gap Adj ustment 

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 c ontacts j ust make (use neon 

light for indication).  Then screw the stationary 

contact aw ay from the moving cont act 1- 1/3 turn 
for a contact gap of . 0 40 ". 

2. ) Sensitivity Adj ustment 

Using the connections of Fig. g ,  apply 10 

volts a.c. goo leading, to terminals 4 and 5 

pass . 420 amperes through current circuit 

(terminals g and 8). The spiral spring is to 
be adj usted such that t he contacts will j ust 
clos e. D eenergize the relay. The moving 

contact should r eturn to open p osition 
against the right hand stop. 

C) Impedance Characteristic Check 

1 )  l'Jlaximum Torque Angle 
Adjust resistor RB(mounted on the b ack of the 

relay)  to m easure 8800 ohms.  Applying 100 volts 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 b ack 
(few degrees) until contacts close.  Not e degrees. 
Continue to turn the pl_mse shifter until contact opens, 
then swing phase shifter back until contact closes 
again. Note degrees .  The m aximum torque angle 
should be ( ±  3°) computed as follows:  

D e g re e s  t o  C l o s e  Cont acts a t  L eft + 

D e g r e e s  to Clo s e  Co ntacts at R i g ht 
-··---··� = 90" 2 

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

a. Adjust voltage to be go volts. 

For current lagging go o the impedance unit should 

close its contacts at 3. 1 2  - 3. 35 amp. 

Reverse current leads, the impedance unit should 

close its contacts at g .  7 - 10.3 amperes.  

b.  Reverse the links in  the middle tap block to -T c 
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 g ,  7 - 10. 3 amperes. 

Set links back to +T c position. Change S A and 
Sc to setting " 2".  Keeping voltage at 90 volts ,  
g o o  leading check pick-up current. I t  should be 

1 . 56 - 1 . 68 amperes. Now set  the phase shifter 

so that voltage lags the current by g o o. Impedance 

unit should trip now at 4. 85 - 5. 15 amperes. 

c.  Set TA = 1 1. 5 ,  Tc = 2.55 , SA = 2, Sc = 1, MA = 
-.03 Me = -. og. Set voltage at 90 volts leading 

the current by goo. Impedance unit should trip at 
2 . 6 1-2. 45 amp. Reverse current leads. Pickup 

should be 20 . 8-22. 1 amp. 

Change S A• S C = 3. Check pickup. It should be 

6, g5-7.35 amp. Reverse current l eads . Pick-up 
should be now 1 . 74-1.63 amp. 

D) 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 neces sary gap adjustments. 

With moving cont act in the opened position, i . e. 
against right stop on bridge ,  screw in stationary 

contact until both contacts j ust make. Then 
screw the stationary contact away from the mov­

ing contact 3/4 of one turn for a contact gap o f  

. 02 2 " .  

2) Sensitivity Adjustment 

With r e actor X having its core scre wed out by 

about 1/8 inch apply 1 . 00 volt to terminals 6 and 7. 

Observing polarities as per schematic , and 5 amp eres 
current leading the voltage by 13°, the spiral spring 
is to be adj usted such that the contacts will j ust 

close. The adj ustment of the spring is accomplished 
by rotating the spring adjuster which is locat ed on 

the underside of the bridge. The spring adj uster has 
a notched periphery so t hat a tool may be used to 

rotat e  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 
c 

T A center link to t erminal 8 .  

b .  Short circuit t erminals 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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TY PE KLF R ELAY ________________________________________________________ ___ 

adjustm ent .  But , the directional unit should be 

cool when final adj ustment is made . 

e. When rel ay contact closes move the left screw 

out the right hand plug until spurious torque is 
reversed. 

f. When plug adj ustm ent is completed check to see 
that there is no closing torque wh en relay is 
energized with 40 amps and voltage terminals 

6 and 7 short-circuited. 

4) Maximum Torque Angle Check 

With 1 20 volts and 5 amp eres applied , vary the 

phase shifter to obtain the two angles where 
the moving contacts just clos e. These two angles 

(where torque reverses) should be where the 
current leads the voltage by 28 3° ± 4° an d 103° 

± 1.  Readjust the r eactor X d if necessary. 

E)  Undervolt age Unit ( Lower Unit ) 

Note: The moving contact is in closed position 

to the left when deengerized. 

1) Contact Gap Adjustment s 

a) L .H.  (Normally Closed) Contact Adj ustm ent 

With the moving contact arm in the cl osed posi­
tion ,  against left hand side of bridge,  screw the 

left-hand contact in to j ust touch the moving con­
tact (use neon light for indication) and then con­
tinue for one m ore complete turn. 

b) R.H.  (Normally Opert ) Contact Adjustme nt 

With moving contact arm against the left hand 

stationary contact screw the right hand st ationary 
contact until it j ust touches the moving cont act. 
Then b ack the right hand cont act out two-thirds 

of one turn to give 0 . 0 20 inch contact gap.  

2) Sensitivity Adjustment 

a) Apply voltage to t erminals 4 & 5.  With the 
adjustable resistor, which is located at the upper 
left hand corner , set for maximum resistance ( 2500 

ohms ) adj ust the spring so that contacts mak e (to 

the left) at 70 volts. The contacts should open 

when unit is energized with 7 1  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 whe n unit is  

energized with 8 1  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 

14 

d-e current through the trip circuit t o  close the con­

tacts of the ICS. This value of current should not b e  

greater than the particul ar ICS tap settings being 
used. The indcator target should drop freely. 

G) Telephone Relay 

Energize the telephone relay with 120 volts d-e. 

The t elephone relay should operate positively. With 

an air gap of .003"  - .004" the contacts should not 

close for ap proximately 15 cycles after the relay is 
de-energized. 

H) Compensator Check 

Acc uracy of the mutual impedanc e  T of the 

compensators is set within very close tolerance s  at 

factory and should not change under norm al condi­

tions. The mutual impedance of the compensators can 

be checked with accurate instruments by the procedure 

outlined below. 

1. Set TA on the 15. 8 t ap 

Tc on the 5. 1 t ap 

2. Disconnect the L-leads of sections r.r A and Me 

3. Pass 10 amperes a.c.  current in t erminal 9 and 

out of terminal 8 .  

4. Measure the compensator voltage with an accurate 

high re sistance voltmeter ( 5000 ohms/ volt). 

5. Compensator A-voltage should be check ed b e-­
tween lead L A and terminal 5. 

For T A = 15.8 the voltage measured should be 237 

volts ± 3%. 

6. Compensator C voltage should be checked b etween 

l ead L c and the fixed termi nal on the re sistor 
which is mounted in the r ear. 

For Tc = 5. 1 ,  the voltage should be 7 6 . 5  volts ( ±  
3%). 

7. For all other taps the compensator voltage is 

1 . 5IT ( ± 3%) 
where I - relay current 

T - tap setting. 

R E N E W A L  P A R T S  

Repair work can b e  don e most satisfactorily at 

the factory. However,  interchangeable parts can b e  

furni shed t o  the customers who are e quipped for 

doing rep air work. When ordering parts, al ways give 

the complete nameplat e  data. 
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Fig. 10 Outline and Drilling Plan for the Type KLF Relay in the FT4 1 Case. 
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Westinghouse I . L .  4 1 - 74BF 

I N ST A L L A TI O N  • O PE R A T I O N  • MA I N TE N A N CE 

I N S T R U C T I O N S  
T Y P E  K L F  L O S S - O F - F I E L D  R E L A Y  

C AU T I O N  Before putting protective relays into ser­
vice , remove all blocking which may h ave been in­
serted for the purpose of s ec uring the parts during 
shipment, make sure that all moving p arts operate 
freely, insp ect the contacts to see that they are 
clean and close properly , and operate the relay to 
check the settings and e lectrical connections. 

A P P L I C A T I O N  

The KLF relay i s  a single-phase relay connected 
to the a-c side of a synchronous machine and contains 
three units c onnected so that the op eration of two 
units sounds an alarm w arning the operator of a low 
excitation condition, and the additional op eration of 
the third unit sets up the trip circuit. The relay can 
be applied w ithout modification to all types of syn­
chronous machines. 

C O N S T R U C T I O N  

The r elay consists of two air-gap transformers 
(compen sators) , two tapped auto-transformers , one 
reactor , one cylinder-type distance unit, directional 
unit with adjustable reactor ,  an undervoltage unit 
with adjustable r esistor, telephone relay, and an ICS 
indicating contactor switch. 

C o m p e n s at o r  

The compensators w hich are designated T A and 
and Tc are two-winding air gap transformers (Fig. 2).  
The primary or current winding of the long-reach 
compensator T A has seven taps w hich terminate at 
the t ap block . They are marked 2 . 4 ,  3 . 1 6 ,  4 . 35 ,  5 . 9 3 ,  
8 . 3 ,  1 1 . 5 ,  1 5 . 8 .  The primary winding of the short­
reach compensator T C also has s even taps which 
terminate at this tap block . They are marked 0 . 0 .  
0 . 9 1 ,  1 . 27 ,  1 . 8 2, 2 . 55 ,  3 . 64 ,  5 . 1 .  A voltag e i s  ind uced 
in the s econdary which i s  proportional to t he pri­
mary tap and c urrent magnitude . This proportionality 
is established by the cross s ectional area of the 
laminated steel core, the l ength of an air gap which 
is located in the center of the coil ,  and t he tightness 
of the laminations. All of thes e factors which in-

S U P E R S E DES I . L . 41 -748 E 
* Denotes c h a n g e  from s u perseded i s s u e .  

fluence the s econdary v oltage proportionality have 
been precisely set at the factory. The clamp s which 
hold the laminations should not be disturbed by either 
tightening or loos ening the c lamp screws . 

The s econdary winding i s  connected in series 
with the r elay terminal v oltage . Thu s a voltage w hich 
is proportional to the line c urrent is added vectorially 
to the r el ay terminal v oltage. 

A uto- T r a n s fo r m e r  

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

The sign of M is negative w hen the R l ead is 
above the L lead .  M is  positive when L is  i n  a tap 
location which is above the tap location of the R 
lead. The M setting i s  determined by the s um of per 
unit values between the R and L lead. The actual 
per unit val ues which app ear on the tap plate b e­
tween t ap s  are 0 ,  . 03 ,  . 06 , and . 06 .  

The auto-transformer makes it possible t o  expand 
the basic ranges of the long and th e short reach corn­

S 
pen sators by a multiplier of ---. Any relay ohm 

1 ± M 
setting can be made Within ± 1 . 5  percent from 2 .08  
ohms t o  56 ohms for t h e  long reach and from . 79  ohms 
to 18 ohms for the short reach . 

I m p e d a n c e  T r i p p i ng U n i t  

The distance unit i s  a four pole induction cyl­
inder type unit. The operating torque 0f the unit is 
proportional to the produ ct of the voltage quantities 
app lied to the unit and the sine of the phase angle 
betwe en the applied voltages .  Th e direction of t h e  
torque s o  produced depends on the fault location 
with respect to the balance point s etting . 
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P R I M AR Y  S EC O N DA R Y  L A M I N AT E D  

C O R E  

Fig. 2 Compensator Construction 

Mechanically, the cylinder unit is compo sed of 
four basic components: A die-cast aluminum frame ,  

an electromagnet, a moving element assembly, and a 

molded bridge. The frame s erves a s  a mounting 

structure for the magnetic core. The magnetic c ore 

which houses the lower pin b earing is secured to the 
frame by a locking nut . The b earing can b e  r eplaced, 
if necessary, without having t o  r emove the magnetic 

core from the frame.  

The electromagnet has t wo s ets 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 t he 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 asse mbled t o  a molded hub which 

holds the shaft. The hub to which the moving-contact 

arm is c lamped has a wedge-and-cam con struction ,  

IIIDIC.lTIIIG 
COIITACTOR 
SWITCH 

llll lfL.,nl-E 
lln&IITAIUOVI NLUiliEI t:.nt;; tr.J�IEtTIIUl 

UIIHI JOI.TAIIE UIIT  
{LtW£11 UIIT} 

LONG REACH COMPENSATOR 
DI RECTIOII.U ltll l l  

(TOP UIIIT} 

184A958 

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

to provide low-bounce contact action. A casual in­

spection of the asse mbly might lead one to think that 

the contact arm bracket does not clamp on the hub as 
tightly as it should. H ow ever,  this adjustment is ac­

curately m ade 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 t otal 
free travel. Free travel is the angle through which 
the hub will slip from the condition of r eset to the 
point where the clamp proj ection begins t o  ride up on 

the wedge .  The free travel can vary b etween 15° to 
20°. 

The shaft has r emovable t op and b ottom j ewel 

bearings. The shaft rides between the b ottom pin 

bearing and the upp er pin bearing with the cylinder 

rotating in an air gap formed by the electromagnet and 

the m agnetic core. The stops are an integral p art of 

the bridge. 

The bridge is s ecured 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 . 0 0 2  to . 00 6  inch follow which is 
set at the factory by m eans of the adjusting screw. 
Aft er the adj ustment is made t he screw is sealed in 

position with a material which flows around the 
threads and then solidifies.  The stationary c ontact 
housing is h eld in position by a spring type clamp. 
The spring adj uster 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 plac e by a spring type clamp . 

When contacts close ,  the e lectrical connection 

is made t hr ough the stationary contact housing clamp, 

to the moving contact , through the spiral spring and 

out to the spring adjuster clamp. 

D i rec t i o n al U n i t  

The directional unit i s  an induction cylinder 

unit operating on the i nt eraction between the polariz­

ing circuit flux and th e operating circuit flux . 

Mechanically , the directional unit is composed 

of the same basic components as the distance unit : A 

4 

die-cast aluminum frame ,  an electromagnet, a moving 

element assembly , and a molded b ridge . 

The electromagnet h as t wo 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 b ridge.  The electromagnet i s  se­
cured to the frame by four mounting scr ews. 

The moving element assembly consists of a 

spiral spring, contact carrying member ,  and an alu­

minum cylinder assembled t o  a molded hub which 

holds the shaft. The shaft h as r e movable t op and 

bottom j ewel bearings. The shaft rides between the 

bottom pin bearing and the upp er pin bearing with 

the cylinder rotating in an air gap formed by the 

electromagnet and the magnetic c ore. 

The bridge is secured t o  the electromagnet and 

frame by two mounting scr ews .  In addition to holding 
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TY P E KLF R ELAY --------------------------------------------------------�-'-· L_._4_1 -_74_B_F 

+ X  + X  + X  
+ z c - z c 

- R  - R  + R 

ZA J ZA 

- X  - X -X 

( a )  WITH Zc • 0 (b) WITH Zc > 0 (C )  WITH Zc < 0 

Fig. 5 R-X Diagram Characteristics with Various Zc -

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 adj uster is located on the 

underside of the bridge and is attached t o  the moving 

contact arm by spiral spring. The spring adjuster is 

also h eld in place by a spring type clamp. 

U nd e rvol tage U n i t  

The voltage unit is  an induction-cylinder unit. 

Mechanically, the voltage unit is c omposed like 

the directional unit,  of four component s: A diecase 
aluminum frame, an electromagnet, a moving element 
assembly, and a molded bridge . 

The electromagnet has two p airs of voltage c oils. 

Each pair of diametrically opposed coils is connect ed 

in series.  In addition one pair is  in series with an 
adj ustable resi stor. These sets are in parallel as 
shown in Fig.  3. The adjustable r esistor serves not 
only to shift the phase angle of the one flux with r e­
spect to the other t o  produce t orque,  but it also 
provides a pick-up adjustment . 

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

T el ephone R e l ay 

The telephone relay (X) has a slow drop-out 
characteristic. When energized, t he sol enoid core 

attracts an iron right-angle armature bracket which in 

turn opens the break c ontacts. In actual service ,  the 

relay is normally energized holding t he break con­

tacts open. ( Note :  the make c ontacts are not used . )  

Drop-out delay adjustment i s  obtained b y  varying 

the air-gap between the armature and the core . 

a.) I 1 • o 

VpoL ( R E F.) 

,f K (- 1.5 I o  Zc){ 
b) r , =lt o l�o ,f KVor 

CON:T7ACT 
CLO 5 

Vop :E-+-....._ __ ,.,v,r I \ 1 I 

RELAY- TYPE K L F  VECTOR D IAGRAMS 

185A331 

Fig. 6 Effect of Compensator Voltages ( Zc is positive) 

I n d i c at i n g  Contactor S w i t c h  U n i t  ( I C S) 

The d-e indicating contactor switch is a small 

clapper-type device. A m agnetic armature, to which 

leaf-spring mounted cont acts are attached , is  at­
tracted to the magnetic c ore upon energization of the 

switch. When the switch closes,  the moving contacts 
bridge two stationary contact s,  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 t he operation indicator target 
to drop. The target is r eset from the outside of the 

case by a push rod located at the bottom of the c over. 

The front spring, in addition to holding the t ar­
get , provides r estraint for the armature and thus c on­

trols the pickup of the switch. 

O P E R A T I O N 

The r elay is c onnected and applied to the syst em 
as s hown in Fig.  4.  The directional unit clos es its 

contacts for lagging var flow into the machine. Its 

zero torque line has b een set at - 1 3° from the R-axis. 

Its primary function i s  t o  prevent operation oi the 

relay during external faults. The impedance unit 

closes its contacts w hen, as a result of reduction in 
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185Al83 

Fig. 7 Typical Machine Capacity Curves Plotted on a Per 

Unit KVA Basis ( 1 83,500 KVA, 451t H2, 18KV, 0.9 

pf, 0. 64 SCR, inner-cooled, 3600 rpm. )  

excitation, the impedance of the machine as view ed 
from its terminals is less than a predetermined value. 
The operation of b oth the imp edance and direction al 

units sounds an alarm,  and the additional operation 

of the undervoltage unit trips the machine. As shown 

in Fig. 4, the c ontacts of all three units are c on­

nected in series across a t elephone type r elay de sig­
nated X, which provide s approximately 15 cycles 

time delay on dropout before energizing the trip coil . 

This time delay is to insure positive c ontact c oor­

dination under all possible operating conditions. 
During normal conditions, all contacts are open. 

P r i n c i p l e  of D i st a n ce U n i t  O p erat i o n  

T h e  distance unit is  an induction cylinder unit 

having directional characteristics . Operation depends 

on the phase r elationship between magnetic flux es 
in the poles o f  the electrom agnet. 

One set of opposite pol e s ,  designated as the 

operating poles are energized by voltage v1 T modified 

by a voltage d erived from the long reach compensator 

T A· The other set of poles (polarizing) are energized 

by the same v oltage v1T except modified by a v oltage 

derived from the short reach compensator Tc . The 

flux in the polarizing pole i s  so adjusted that the 

unit closes its c ontacts whenever flux in the op erat­
ing set of poles l eads the flux in the polarizing set. 

6 

The voltage v1T is e qual to 

v 1T = V1 2 + 0 . 5  v23 = 1 . 5  v lN ( 1) 

RESI STANCE IN P E R  UN I T  
�--���--���·�.6--��r-���--�1.4 

-.2 

-.4 

2A 
-.6 

-.8 

- x  
T Y P I CAL MACHINE CAPA B I L I TY CURVES AND 
SAMPLE "LF RELAY SETT I N G , PLOTTED ON 
A PER U N I T  I MPfDANCE BASIS 

185Al84 

Fig. 8 Typical Machine Capacity Curves and Sample KLF 

Settings - Per Unit Impedance 

As shown in Fig. 4 , one-half  of V 23 voltage is 

physically derived in the r elay at midtap of a reactor 

connected acr oss v oltage V 23 . 

Reach of the distance unit is d et ermined by 
compensators T A and Tc as modified by auto-trans­
former settings. Compensators T A and T C are de­

signed so t hat its mutual imp edance Z A or Z c has 

known and adj ustable v alues as described below 

under CHARACTERISTICS and SETTINGS. The 

m utual impedance of a compensator is defined h ere 

as the r atio of s econdary induced v oltage t o  primary 

current and is e qu al to T. Each secondary compensa­

tor voltage i s  in s eries with the voltage V 1 T . Com­
pensator voltages are e qual to 1 . 5  I 1 ZA for long 

reach c o mpensator and 1 . 5 I 1 Zc for short reach 

compensator, where I ,  is the relay current . 

Fig. 5 shows how the compensation voltages 

1 . 5I 1 ZA and 1 . 5 I 1 Zc influence the R-X circle. Note 

that Z A independently determines the "long reach " ,  
while Zc independently fixes the "short reach " .  

With the r eversing links i n  the normal position ( +Zc) 
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TYP E K LF R E LAY ____________________________________________________________ I_. L_._4_1 -_74_BF 

the circle includes the o rigin; with the opposite link 
position (-Zc)  the circle misses the origin. The fol­

lowing p aragraphs explain this comp ensator action. 

Referring to Fig. 4 note that R B and C B cause 
the polarizing voltage to be shifted goo in the leading 
direction. Thus ,  when the current is zer o ,  polarizing 

voltage V POL leads the operating voltage Vop by 
goo, as shown in Fig. 6(a). This relation produces 

restraining torque. To illustrate how Z A fixes the 

long reach, assume a relay current which leads VIN 
by goo 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 A compen­
sation r everses the operating voltage phase position. 

The relay b alances when thi s voltage is zero. Note 

that this balance is unaffected by the Zc comp ensa­

tion, since this compensation merely increases the 
size of VPOL. 

For lagging current conditions not e in Fig. 6(c) 

how VPOL is reversed by the Zc compensation. In 

this cas e the Z A compensation has no effect on the 

balance point. This explains why the short r each 

point is fixed independently by Zc. 

Fig. 6 assumes that Zc is positive ( circle in­

cludes origin). If the current coil link is rev ersed, 

the compensation becomes +1. 5I, Zc. In Fig. 6(b) 

this change would result in , VPOL being reduced 

rather incre ased by the compensation. As the current 

increases V POL will finally be reversed, reestablish­
ing restraining torque. Thus,  the current need not 
reverse in order to obtain a "short-reach" bal anc e 
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. 

C H A R A C T E R !  S T I  C S  

The type K LF relay is available in one range. 

D i stance U n i t  

The distance unit can be s et t o  have charac­
teristic circles that p ass 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 c an be made for any v alue from 2 . 08 to 
56 ohms for ZA , and from 0. 7g ohm to 18 ohms for Zc 
in steps of 3 percent. 

The taps are marked as follows : 

2. 4 ,  3 . 16 ,  4. 35 ,  5 . g 3 ,  8 . 3 ,  1 1 . 5 ,  15. 8 

0 . 0 ,  o . g 1 ,  1 . 27 ,  1 . 8 2 ,  2 .55 ,  3 . 64 ,  5 . 1 

1 ,  2, 3 

± values b etwe en t aps .03 ,  . 0 6 ,  .06  

D i re c t i o n a l  U n i t  

The K L F  relay i s  design ed for pot ential polari­

zation with an int ernal phase shifter , so t hat maximum 

torqu e occurs when the operating current leads the 

polarizing voltage by appro�imately 13 degrees. The 

minimum pickup has been s et by the spring t ension to 
be approximately 1 volt and 5 amperes at maximum 

torque angle .  

U ndervo l toge  U n i t  

The undervoltage unit is designed to close it s 
contacts when the voltage is lower than the set value. 

The undervoltage unit is energized with v1T -voltage.  

This voltage is equal to 1. 5V 1N 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 g3 percent or higher. 

T r i p  C i rc u i t  

The m ain contacts will s afely close 30 amperes 
at 250 volts d . c. and the seal-in contacts of the 
indicating contactor switch will safely carry thi s 
current long enough to trip a circuit break er. 

The indicating contactor switch has two taps 
that provide a pick-up s etting of 0. 2 or 2 amp eres. To 

change taps require s  connecting the lead located in 

front of the t ap block to the desired setting by means 
of a screw connection. 

T r i p  C i r c u i t  Con stant 

Indicating Contactor Switch (ICS) 

0. 2 ampere tap - 6 . 5  ohm d-e resistance 
2.0  ampere t ap - 0 . 15 ohm d-e resistance 
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TYP E K L F R E LAY------------------------------------------------------------

B urden 

Current 
@ 5 amps , 60 cycles 

TA & Tc 
SETTIN GS 

MAX. 
MIN. 

VA 

1 8 . 6  
3 .8 

Potential 

ANGLE 
OF L AG 

@ 1 20 volts,  60 C;}:Cles 

Phase AB Phase BC 

SA = Sc 
1 
2 

3 

VA 

18 .0  
14 .4  

1 3 . 9  

RATING 

1 25 
250 

T h erm a l  R a t i n g s  

ANGLE 
OF L AG VA 

-

20 2. 6 
3 1 ° 5 . 9  

39° 6 . 6  

D-C Circuit 

WATTS @ RATED 

3 . 9  
7 . 8  

Potential: 1 3 2  volts ( L-L) continuous 

Current: 8 amperes continuous 

200 amperes for 1 second 

ANGLE 
OF LAG 

1 2° 
3 8 °  

4 2° 

S E T T I N G S  C A L C U L A T I O N S  

D i st a n c e  U n i t  

Set the distance unit t o  op erate 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 operat e  at maximum hydrogen 
pressure and 0.  95 per unit voltage (lowest voltage 
for which the capability curve applies).  Where the 

maximum capability ofthe m achine cannot be realized 

without exc eeding the st eady-state stability limit, 

set the distance unit to operate before the steady­
state limit is exceeded. Capability curves similar 

to Fig. 7 are obtained from the generator manufacturer. 

To determine the desired setting convert the 

cap ability curve of Fig. 7 to the impedance curve of 

VT 2 ,  
Fig. 8 b y  calculating --- where VT i s  the per 

(KVA)C 

unit terminal voltage and (KV A)C is the per unit out­

put. If the c apability curve is a circle the radius R 1 

8 

and offset C 1 of the inverse circle (VT = 1) can be 

calculated as follows :  

1 Cc �0 
c = 2 2 cc - Rc 

( 2) 

1 Rc R = 
2 2 ( 3 )  

cc - Rc 

where c 1 = distance of c apability - circle cen­
ter from origin of R-X diagram. 

R1 = radius of c ap ability circle on R-X 
diagram. 

c
c 

= distance of power-circle center from 
origin. 

Rc = radius of power circle 

e = offset angle 

Aft er plotting the steady-state stability limit and 

the m achine c apability curves on the R-X di agram, 

plot the relay circle between the stability limit and 

the capability curve .  (Not e in Fig. 8 that the relay 
circle cannot be plotted within the 60 it - V T = 0 .  95 
curve,  since the m achine is beyond the ste ady-state 

stability limit for these conditions . )  This plot defines 
the desired reach Z A and r adius R of the relay 
circle .  Then use the following procedure to select 

tap settings. 

where 

1000 (kv) 2 Rc Zbase = ohms 

2
base 

kv 

(kva) Rv 

= one per unit prim ary ohms/as 
seen from the relay 

= rated phase-to-phase- voltage of 

the machine . 

kva = rated kva of t he m achine 

Rc = the current transformer ratio. 

Rv 
= the potential transformer ratio. 

The actual settings ,  Z A and Z c • are:  

Z
A 

= ( ZA per unit) x ( Zbase ) 

Zc = (Zc per unit) x ( Zbase) = 

( 2R-Z A) x ( Zbase) 
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TYPE K LF R ELAY ____________________________________________________________ I ._L._4_1_- 7_4s __ F 

where R = radius of circle in per unit. 

The tap-plate settings are made according 
to equations : 

TS 
( 5 )  

1 ± M 

where :  

T = compensator tap value. 

S = auto-transformer primary t ap val­
ue. 

1\l = auto-transformer secondary tap 
value .  

(M is a per-unit value determined b y  t aking 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 r aise 
the Z setting). 

The following procedure should be followed to ob­
t ain an optimum setting of the relay :  

1 .  Select the  lowest tap S which give a product 
of 18.  6S A greater than desired Z A and a pro­
duct of 6Se greater than desired Ze . 

2. Select a value of M that will most nearly m ak e  
i t  equal to:  

TS M = -- - 1 .  
z 

If the sign is negative, then the r,I t ap s  are connected 
with the R lead above the L lead to  r ai se the setting . 

S a m p l e  C a l c ul at i o n s  

Assume that a KLF relay is t o  b e  applied to  the 
following m achine:  

3-phase,  60 cycles ,  3600 rpm,  18 kv,  r ated at 
0 9 p f, 1 8 3 , 500 KVA at 4 5 HH2. 

Rc = 1400/ 1 Rv = 1 50/ 1 

If the recommended setting from Fig. 8 is used:  

ZA per unit = l . fi8 

Ze per unit = 2R - ZA = 2 x 0 . 94 - 1 . 68 = 0 . 20 

(The relay circl e in Fi g. 8 was o btained by trial 
and error u sing a comp ass to get the desi red radiu s  
and o ffset. ) 

( 1) Zbase = 

2 
1000 (kv) Rc 

(kva)Rv 

1000 X ( 18) 2 X 1400 

183, 500 X 150 
16.45 
ohms 

( 2) ZA = ZA(per unit) ( Zbase> = ( 1 . 68 )  ( 16 . 45 )  = 27. 6  ohms 

(3) Zc = Z c (per unit) (Zb ase) = (0. 20) "( 16 . 45 )  = 3.  29 ohms 

To s et LA = 27. 6 
Step 1 :  The lowest tap S A for 18. 6 SA greater than 

ZA = 27.6 is 2. Set SA in tap 2. 

Step 2: TA near est to 27 .6  

2 

1 3 . 8  i s  TA = 1 5 . 8  

Set TA in 1 5 . 8  tap 

TA SA 1 5 . 8  x 2 
Step 3: M A = ---- - 1  = - 1  = 

z 27.6  
1 . 145 - 1  = + . 145 

Set M = + . 15 .  Place R lead in  0 ,  L lead in u pper 
. 06. The relay s etting is now :  

TA SA 1 5 . 8  x 2 3 1 . 6  
Actual ZA = --- = = = 27. 5 

1 ± M 1 + 0 .  15 1 . 15  

This is 9 9 . 7% of the desi red setting. 

To se t  Zc = 3. 2 9  ohms: 
Step 1 :  The lo west tap S e for 6Se greater than 3. 2 9  is  

se = 1 .  

set Se = 1 

Step 2 :  Te nearest to 3 . 29 = 3. 29 is 3 .64  
1 

Set Te in 3 . 64 tap .  

Te Se 3. 64 x 1 
step 3: Me = -- - 1 = - 1  = 1 .  107 - 1  = 

ze 3. 29 

+. 107 

Hence, the nearest M e value is + . 12. Now set 
R lead in  0 . 03 tap and L l ead in the upper . 06 
tap .  

(Since Me h a s  plus sign,  lead L must b e  over R . )  

Then,  
Te Se 3 . 64 X 1 

Z - --- - = 3. 25 ohms,  or e -
o +Me>

-
1 + . 12 

98 . 8% of the d esired value.  

U n d ervo l t a g e  U n i t  

The undervoltage unit is  usually set t o  a value 
corresponding to the minimum safe system voltage 
for stability . This voltage depends upon system 
const ants and is usually b etween 70 and 80  p ercent. 
A higher value could b e  used if it i s  desired to trip 
the m achine 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 V 1 T = 1 .  5V 1w 
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TY P E KLF R ELAY ________________________________________________________ __ 

Note: An electrical check of this particular setting 

is outlined in this instruction leaflet, under the he ad­
ing "Acceptance Chec k " .  

S E T T I N G  T H E  R E L A Y  

The type KLF relay requires a setting for e ach 
of the two comp ensators T A and Tc • for e ach of th e 

two auto-transformers, primaries S A and Sc• and for 
the undervoltage unit . 

Comp e n s ator ( T  A a n d  Tc ) 

Each set of compensator t aps 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 b etween common insert and 

tap inserts are m ade with a link that is held in place 
with two connector screws, one in the common and 
one in the t ap. 

A compensator tap setting is made by loosening 

the connector screw in t he center. Remove the con­

nector screw in the t ap end of the link , swing the 

link around until it is in position over the ins ert for 
the desired tap setting, replace the connector screw 

to bind the link to this insert , and retighten the con­

nector screw in the c enter. Since the link and con­

nector screws carry operating current , be sure that 

the screws are turned to bind snugly. 

Compensat or Tc r equires an additional setting 
for including or excluding the origin of R-X diagram 
from the distance unit characteristic. If the desired 

characteristic is similar to that shown on Fig. 5b, 

the links should b e  s et v ertically in the + T C arrow 

direction. If a characteristic similar to that shown in 
Fig. 5c is desired, set links horizontally in the - Tc 
arrow direction. 

Auto- T r a n s former  P r i mary  ( SA a nd Sc ) 

Primary tap connections are made through a 
single l ead for e ach transformer. The lead come s out 

of the t ap plate through a small hole located j ust 

below the taps and is held in place on the proper t ap 
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 t ap at a 

time. 

1 0  

A uto- T r a n s former  Secondary  ( MA and M
C

) 

Secondary t ap connections are made through two 

leads identified as L and R for each transformer. 
These leads come out of the tap plate e ach through 
a small hol e ,  one on each side of the vertical row of 

M tap insert s. The lead connectors are held in place 
on the proper tap by connector screws. 

Values for which an M setting can be m ade are 
from -. 1 5  to + . 15 in steps of .03 .  The v alue of a 

setting is the sum of the numbers that are cros sed 

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 t ap plate. 

The sign is positive ( +) if the L lead is higher and 
negative (-) if the R lead is higher. 

An M setting may be m ad e  in the following man­

ner : Remove the connector screws so that the L and R 

leads are free. D etermine from t he following t able 

the desired M value and tap positions. Neither l ead 

connector should m ake electrical contact with more 
than one tap at a time .  

Tabulated Settings 

z M L L ead R Lead 

0 . 8 7  TS + . 15 Upper . 0 6  0 

0 . 89 TS + . 1 2 Upper . 0 6  .03  

0 .92  TS + . 09 Lower . 0 6  0 

0 . 94 TS + . 06 Upper . 0 6  Lower . 0 6  

0 . 9 7  TS + . 03 .03  0 

TS 0 0 0 

1 .03  TS - . 0 3  0 . 0 3  

1 .06  TS - . 06 Lower .06  Upper .06  

1 . 1 TS - . 09 0 Lower . 0 6  

1 . 14 TS - . 1 2 . 0 3  Upper .06 

1. 18 TS - . 15 0 Upper .06  

Und ervo l ta g e  U n i t  

The voltage unit is  calibrated to close its con­

tact when the applied voltage is reduced to 80 volts. 

The voltage unit c an be set t o  close its contacts 

from 70 volts to 90 volts by adjusting the r esistor 
loc at ed 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. 

D i rect i o n a l  Sett i ng 

There is no s etting to be made on directional 

unit. 
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t POSITION I ·  FOR 0 UNIT TEST 
tt POSITION 2 - FOR Z AND V UNIT TESTS 

POS r t POS 2 t t  

PHASE 
SHIFTER 

VARIABLE 
,...-- AUTO-TRANSFORMER 

�""' ± o-� 
PHASE 
ANGLE 
METER 

KLF RELAY _(FRONT VIIW ) 

res 

r 0 

Fl 
res 

I 
4 - 5  AMP. 
LOAD 

A � ·L� .in RESET I ?J SWITCH � ���==========�==============t=====t=============�====�======= I I } 3 PHASE � § 120 VOLTS 

290B580 

Fig. 9 Diagram of Test Connections for KLF Relay 

I n d i c a t i n g  Co ntra ctor Sw itch ( I C S )  

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 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 volt d. c.  type WL rel ay 
switch, or equivalent , use the 0.  2 ampere tap. For 
48 volt d. c. applications set ICS in 2 ampere tap and 
use S#304C 209GO 1 type WL relay coil or equivalent. 

I N S T A L L A T I O N 

The r elays should be mounted on switchboard 

panels or their equivalent in a location fre e  from dirt, 

moisture,  excessive vibration , and heat. Mount the 

relay vertically by m eans 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 be utilized for grounding the relay. The elec­

trical connections may be made directly to the termi­

nals by me ans 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 ins erted by locking two nuts on the stud 

and then turning the proper nut wi th a wrench. 

For detailed FT Case information refer to I.L. 

4 1-076. 

A D J U S T M E N T S  A N D M A I N T E N A N C E  

The proper adj ustments to insure correct opera­
tion of this relay have been made at the factory . Upon 

receipt of the relay, no customer adj ustments, other 

than those covered under "SETTINGS, "  should be 
required. 

Acceptan ce C h e c k  

The following check is r ecommended to insure 

that the relay is in proper working order: 

A. Distance Unit (Z) 

1. Conne ct the r el ay as shown in Fig. 9 with 

t he switch in position 2 and the trip circuit 
deenergized. 

2. Mak e  the following tap settings: 

TA = 1 1 . 5  

SA = 2 

M A = - . 0 3  

Tc = 2 . 55 
S c = l  
Me = - .09 
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TY PE K L F RE LAY __________________________________________________________ _ 

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

This setting corresponds to Z A = 23.7 Z c = 2 . 80 

Adjust the phase shifter for 90 o current l agging 

the voltage.  

3.  With the t erminal voltage at  80  volt s ,  increase 

current until contacts j ust close .  This current 
should be within ± 3% of 2. 25 amp ( 2. 3 2-2. 18 

amp. ) .  This v alue corresponds to 1 .  5Z A set­

ting since the voltage as applied to terminals 

4 and 5 is equivalent to 1 . 5V1N voltage,  or 

v 1N 80 1 
ZA = --- = - x --- = 23.7 ohms. 

I1 1 . 5  2. 25 

4. Adj ust phase shifter for go o current leading 

the voltage.  

5 .  With the terminal voltage at 80 volts increase 

current until contacts j ust close.  This current 

should be within ± 3% of 19 . 0  amps . ( 19 . 6-
18.  4 amp s . )  This value corresponds to 1 .5Zc 
setting for the sam e  reason as explained above. 

Contact Gap The gap between the stationary cont act 

and moving contact with the relay in de energized 

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. With a t erminal voltage of 1 volt and 5 amp eres 

applied, turn the phase shifter to 13° (current 
leads voltage).  The contacts should be closed. 
This is the m aximum torque position. 

3.  Raise the voltage to 1 20 volts and vary the 

phase shifter to obtain the two angles where 
the moving contact j ust m akes 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 G ap The gap between the stationary 

contact and moving cont act with the relay in 

deenergized position should be approximately 

. 0 20 ". 

C. Undervoltage Circuit 

1 2  

1.  Connect the rel ay as shown i n  figure 9 ,  with 

switch in position 2 and the trip circuit de­
energized. 

2. Decrease the voltage until the contacts clos e 

to the left.  This value should be 80 ± 3% vo lts. 

D. Reactor Check 

Apply 1 20 volts AC across terminal 6 and 7. 

Measure voltage from t erminal 6 to 4 and 7 to 4.  
These voltages should be e qual to each other within 
± 1 volt . 

Routine Maintenance 

All contacts should be periodically cleaned. A 

contact burnisher Sttl8 2A8 36H0 1 is recommended for 

this purpose. The use of abrasive material for clean­

ing cont act s is not recommended, because of the 

danger of embedding small particles in the face of 

the soft silver and thus impairing t he contacts. 

R e p a i r  C a l i brat i o n  

A .  Auto-transformer Check 

Auto-transformers may be checked for turns ratio 

and polarity by applying a. c .  voltage to t erminals 4 

and 5 and following the procedure below. 

1) Set SA and Sc on t ap number 3 .  Set the "R" 
leads of M A and Me all on 0 . 0  and disconnect 
the "L" leads. Adj ust the voltage for 90 volts. 

Measure voltage from terminal 5 to the t ap ttl of 

SA· It should be 30 volt s ( ±1). From t erminal 5 

to t ap tt2 of S A should b e  60 volts. The same 

procedure should be followed for t ap s  ttl and 
tt2 of Sc· 

2) Set SA and Sc on 1 and adj ust the voltage at 

the relay terminals for 100 volts. Measure volt­

age drop from t erminals 5 to each of the M A and 

Me taps.  This voltage should be equal to 100 

( ± 1) plus the sum of values between R and t ap 
being measured. Example 100 ( 1 + . 0 3  + . 0 6 )  = 
109 volts. 

Transformers that have an output different from 
nominal by more than 1 . 0  volt probably have 

been damaged and should be r eplaced. 

B.  Distance Unit (Middle Unit) Calibration 

Make following t ap plate settings. 

TA = 15 .8 ;  'I'c = 5. 1 

SA = Sc = 1 

Make M A = Me = -. 15 settings : 

"L" l ead should be connected to the "0" insert 

"R" lead should be connected to the upper " .06" 

insert. ( -. 0 3 -.06 .06=-. 15 bet ween L & R). 

For the most accurate c alibration preheat relay 

for at least an hour by energizing terminals 5, 6 

&7 with 1 20 volts, 3 phase. 
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The links in the middle t ap block should b e  set 
for the +Tc direction. 

1)  Contact Gap Adj ustment 

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 j ust make ( use neon 

light for indication) . Then screw the stationary 
contact away from the moving cont act 1- 1/3 turn 
for a contact gap of . 040 ". 

2. ) Sensitivity Adj ustment 

Using the c onnections of Fig. g, apply 10 

volts a. c.  goo leading, to terminals 4 and 5 

pass . 4 20 amperes through current circuit 

(terminals g and 8) .  The spiral spring is to 
be adj usted such that the contacts will j ust 
close. De energize the relay.  The moving 
contact should r eturn to op en p osition 

against the right hand stop. 

C ) Imped ance Characteristic Check 

1 ) J.laximurn Torque Angl e 
Adjust resistor RR(rnounted on the b ack of the 

relay) to m easure 8800 ohms.  Applying 100 volts a.c.  
to terminals 5 and 4 and passing 5 . 2  ampere s,  through 
the current circuit turn t he phase shifter until the 
moving contact opens. Turn the phase shifter b ack 
( few degrees )  until contacts clos e. Note degrees .  
Continue t o  turn t h e  pJ:!ase shifter until contact opens ,  
then swing phase shifter back until contact closes 
again.  Note degrees .  The m aximum torque angle 
s ho u l d  be ( ± 3°)  comp uted as follows :  

* D e g re e s  to Clo s e  Contacts at L e ft + 

D egrees to C l o s e  Contacts at Right 
_.::..:::.:c=:_ = gou 2 

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

a. Adjust voltage to be go volts. 
For current lagging go o the impedance unit should 

close its contacts at 3 . 1 2 - 3. 35 amp . 

Reverse current leads, the impedance unit should 

close its contacts at g_ 7 - 10 . 3  amperes.  

b .  Reverse the links in the middle tap block to -T c 
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 g .  7 - 10. 3 amperes. 

Set links back to +T c position. Change S A and 
Sc to setting " 2 " .  Keeping voltage at go volts,  
9 0 °  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 goo. Imped ance 
unit should trip now at 4 . 85 - 5. 15 amperes. 

c .  Set TA = 1 1. 5 ,  Tc = 2. 5 5 ,  SA = 2 ,  Sc = 1,  M A = 
-. 0 3  Me = -. og. Set voltage at go volts le ading 

the current by 90°. Impedance unit should trip at 
2 . 6 1-2. 45 amp . Reverse current leads. Pickup 
should be 20 . 8-22. 1 amp . 

Change S A• S C = 3. Check pickup. It should be 

6, 95-7. 35 amp. Reverse current l eads . Pick-up 
should be now 1. 74- 1 . 6 3  amp .  

D )  Directional unit (Top Unit) 

1)  Contact Gap Adj ustment 

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 i n  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 

. 0 2 2 " .  

2 )  Sensitivity Adj ustment 

With r e actor 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 amp eres 

current leading the voltage by 13°, the spiral spring 
is to be adj usted such that the contacts will j ust 
close. The adj ustment of the spring is acc omplished 
by rot ating the spring adjuster which is locat ed on 

the underside of the bridge. The spring adj uster 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 
c 

T A center link to t er minal 8. 

b .  Short circuit t erminals 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 

1 3  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY PE KLF R ELAY ________________________________________________________ _ 

adjustm ent.  But , the directional unit should be 

cool when final adj ustm ent is made. 

e. When rel ay c ontact closes mov e the left screw 

out the right hand plug until spurious torque is 
reversed. 

f. When plug adj ustment is completed check to see 

that there is no closing torque wh en relay is 
energized with 40 amps and voltage terminals 
6 and 7 short-circuited. 

4) Maximum Torque Angle Check 

With 1 20 volts and 5 amp eres applied , vary the 

phase shifter to obtain the two angles where 
the moving contacts j ust clos e. These two angle s 

(where torque reverses) should be where the 
current leads the voltage by 28 3° ± 4 o  and 103° 

± 1.  Readjust the reactor X d if necess ary. 

E) Undervoltage Unit ( Lower Unit) 

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

1) Contact G ap Adj ustments 

a) L . H. ( Normally Closed) Contact Adj ustment 

With the m oving contact arm in the cl osed posi­
tion, against left hand side of bridge, screw the 
left-hand contact in to j ust touch the moving con­
tact (use neon light for indication) and then con­
tinue for one m ore complete turn. 

b) R.H. (Normally Open ) Contact Adj ustme nt 

With moving contact arm against the left hand 
stationary contact screw the right hand stationary 
contact until it j ust touche s the moving contact. 

Then back the right hand cont act out two-thirds 
of one turn to give 0 . 0 20 inch contact gap .  

2 )  Sensitivity Adj ustment 

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 ) adj ust the spring so that contacts make (to 
the left) at 70 volts. The cont acts should open 

when unit is energized with 71 or more volt s. 

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 8 1  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 

1 4  

d-e current through the trip circuit t o  close the con­

tacts of the res. This value of current should not be 

greater than the p articul ar ICS tap settings being 
used. The indcator target should drop freely, 

G) Telephone Relay 

Energize the telephone relay with 120 volts d-e . 

The t elephone relay should operate 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 

Acc uracy of the mutual imped anc e T of the 

compens ators is set within very close tolerances at 

factory and should not change und er norm al condi­

tions. The mutual impedance of the compensators can 

be checked with accurate 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 Me 
3. Pass 10 amperes a. c .  current in t erminal 9 and 

out of terminal 8 .  

4. Measure t h e  compensator voltage with a n  accurate 

high resistance voltmeter ( 5000 ohms/ volt). 

5. Compen sator A-voltage should be check ed be-­
tween lead L A and terminal 5. 

For T A = 15 .8  the voltage measured should be 237 

volts ± 3%. 

6. Compensator C voltage should be checked between 

lead L c and the fixed terminal on the re sistor 
which is mounted in the rear .  

For Tc = 5. 1 ,  t h e  voltage s hould be 7 6 . 5  volts ( ±  
3%). 

7. For all other taps the compensator voltage is 
1 . 5IT ( ± 3%) 
where I - relay current 

T - tap setting. 

R E N E W A L  P A R T S  

Repair w ork c an b e  done most satisfactorily at 

the factory. However,  interchang e able parts can be 

furnished to the customers who are e quipped for 

doing repair work. When ordering parts,  always give 

the complete nameplate dat a. 
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Fig. 10 Outline ancl Drilling Plan for the Type KLF Relay in the FT4 1 Case. 
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Westinghouse I . L .  4 1 - 74BE 

I N STA L L A TI O N  • O PE R A T I O N  • M A I N T E N A N CE 

I N S T R U C T I O N S  
T Y P E  K L F  L O S S - O F - F I E L D  R E L A Y  

C AU T I O N  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 operat e  
freely, insp ect the contacts to see that they are 
clean and close properly , and operate the relay to 
check the settings and e lectrical connections. 

A P P L I C A T I O N 

The K LF relay is a single-phase relay connected 
to the a-c side of a synchronous machine and contains 
three units c onnected so that the op eration of two 

units sounds an alarm w arning the operator of a low 

excitation condition, and th e additional op eration of 

the third unit sets up the trip circuit. The relay can 

be applied w ithout modification to all typ es of syn­

chronous machines. 

C O N S T R U C T I O N  

Th e relay consists of two air-gap transformers 

(compensators ) , two tapped auto-transformers , one 

reactor , one cylinder-type distance unit, directional 

unit with adjustable reactor , an undervoltage unit 
with adjustable resistor, telephone relay, and an res 
indicating contactor switch. 

C o m p e n s at o r  

The compensators which are designated T A and 
and Tc are two-winding air gap transformers ( Fig. 2 ) .  
Th e primary or current winding o f  t h e  long-reach 
compensator T A has seven taps w hich terminate at 
the t ap block. They are marked 2 . 4 ,  3 . 1 6 ,  4. 35, 5 . 9 3 ,  

8 . 3 ,  1 1 . 5 ,  1 5 . 8 .  The prim ary winding o f  the short­

reach compensator T c also has s even taps which 

terminate at this tap blo ck . They are marked 0 . 0 , 

0 . 9 1 ,  1. 27,  1 . 8 2, 2 .55 ,  3 . 64 ,  5. 1 .  A voltage is induced 
in the s econdary which is proportional to t h e  pri­

mary tap and current magnitude. This proportionality 

is established by the cross s ectional area of the 

laminated steel core, the length of an air gap which 

is located in the center of the coil ,  and t he tightness 

of the laminations. All of thes e  factors which in-

S U P ERSEDES I . L .  4 1 -748D 
* Denotes change from superseded i ssue.  

fluence t h e  s econdary voltage proportionality have 
been precisely set at the factory. The clamps which 

hold the laminations should not be disturbed by either 
tightening or loos ening the clamp screws.  

The secondary winding is connected in series 

with the relay terminal voltage . Thu s a voltage which 
is proportional to the line current is added vectorially 
to the r elay terminal v oltage . 

A uto- T r a n s fo r m e r  

The auto-transformer has three taps o n  its main 

winding, S, which ar e numbered 1 ,  2, and 3 on the tap 

block . A tertiary winding l\1 has four taps w hich 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 betwe en the R and L lead . The actual 

per unit values which appear on the tap plate be­
tween taps are 0 ,  . 03 ,  . 0 6 , and . 06 .  

The auto-transformer makes i t  possible t o  expand 
the basic ranges of the long and th e short reach com-

pen sat ors by a multiplier of 1 ± 
S
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 . 

I m p e d a n c e  T r i p p i ng U n i t  

The distance unit i s  a four pole induction cyl­
inder type unit. The operating torque 0f the unit is 

proportional to the product of the voltage quantities 

app lied to the unit and the sine of the phase angle 

betwe en the applied voltages . Th e direction of t h e  

torque s o  produced dep ends on t h e  fault location 

with resp ect to the balance point setting. 
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T Y P E K LF R ELAY ______________________________________________________ �_I ._L_. 4_1_-7_4B_E 

P R I M A R Y  L A M I N AT E D  

C O R E  

Fig. 2 Compensator Construction 

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. Th e frame s erves as a mounting 

structure for the magnetic core_ The magnetic c ore 

which houses the lower pin b earing is s ecured to the 
frame by a locking nut. The bearing c an b e  r eplaced, 
if necessary, without having to remove the magnetic 

core from the frame. 

The electromagnet has t wo s ets 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 uppe r pin bearing, which is 

threaded into the bridge. The electromagnet is se­

cured to the frame by four mounting screws. 

The moving element asse mbly - 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 c lamped has a wedge-and-cam construction, 

UIDICATIII& 
COIITACTOR 
SWITCH 

UIHI ttL TAlE UIIT 
(Wftl liiiT) 

IEYUI116 LilliS 

LONG REACH COMPENSATOR 
DI IECTIOIAL UII IT  

(TOP UIIIT) 

184A958 

Fig. 3 Internal Schematic of Type KLF Relay in FT4T Case 

to provide low-bounce contact action. A casual in­

spection of the asse mbly might lead one to think that 

the contact arm bracket does not clamp on the hub as 
tightly as it should. H owever , this adjustment is ac­

curately m ade at the factory and is lock ed 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 t otal 
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 r ide up on 

the wedge.  The free travel can vary between 15° to 
20°. 

The shaft has r emovable t op and bottom j ewel 

bearings .  The shaft rides between the b ottom pin 

bearing and the upper pin bearing with the cylinder 

rotating in an air g ap formed by the e lectromagnet and 

the magnetic core. The stops are an integral p art of 

the bridge. 

The bridge is s ecured to the e lectromagnet and 

frame by two mounting screws. In addition to holding 
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TO 

ALARM 
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X 
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R 
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NT ACT 

CLOSING ZONE 

SYSTE!I4 R-X D l A  GRAM 

D I STANCE UNIT VECTORS 
FOR !DOl P. F.  GENERATOR OUTPUT 

III'ERATING 
COILS 

ijQ-LOSS OF F I ELD RELAY, TYPE KLF 
D-DI RECTIOUL UN I T  IN TYPE KLF RELAY 

ICs-tNDICATINQ CONTACTOR SWITCH I N  
TYPE Klf RELAY 

TA-LONG REACH COMPENSATOR 
CONTACT 
CLOSES 

TC-SHORT REACH COMPENSATOR 

t - FUSE KLF RELAY SEPARATELY FROM 
All OTHER SECONDARY BURDENS 

Y-VOLTAGE UNIT IN TYPE Klf RElAY 
X-TELEPHONE RELAY 1 111 TYPE KLF RELAY 
Z- IMPEDANCE UN I T  I N  TYPE KLF RELAY 0 v23 { REF. )  

13 
- I  lt3-0N-OFF CUT -OUT SWITCH 

52-POWER C I RCU I T  BREUER 
A-BRE.U:ER AUX I L I ARY SWITCH 

TC-BREUER TR I P  CO I L  

3-� X 

X-DENOTES CONTACTS CLOSED 
0 I RECTI OMAL UN IT VECTORS 

FOR ! DOl P. F.  GENERATOR OUTPUT 

290B607 

* Fig. 4 External Schematic of Type KLF Relay 

the upper pin b earing, the bridge is used for mounting 

the adjustable stationary contact housing. This s ta­

tionary contact has . 0 0 2  to . 00 6  inch follow which is 
set at the factory by m eans of the adjusting screw. 
After the adjustment is made the screw is s ealed in 

position with a material which flows around the 

threads and then solidifies . The stationary contact 
housing is h eld in position by a spring type clamp. 
The spring adj uster is  located on the underside of 

the bridge and is attached to the moving contact arm 
by a spiral spring. The spring adjuster is also held 

in place by a spring type clamp . 

When c ontacts clos e ,  the electrical connection 

is made thr ough the stationary contact housing clamp, 

to the moving contact, through the spiral spring and 

out to the spring adjuster clamp. 

D i rec t i o n al U n i t  

The d irectional unit i s  a n  induction cylinder 

unit operating on the i nt eraction between the polariz­

ing circuit flux and the operating circuit flux . 

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

4 

die-cast aluminum frame ,  an electromagnet, a moving 

element ass embly, and a molded b ridge . 

The electromagnet h as t wo 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 adj usting plug clips ,  

and two locating pins. The locating pins are  used to 
accurately position the lower pin b e aring , which is 

threaded into the bridge .  The e lectromagnet i s  se­
cured to the frame by four mounting scr ews. 

The moving element assembly consists of a 
spiral spring,  contact carrying member ,  and an alu­

minum cylinder assembled t o  a molded hub which 

holds the shaft. The shaft h as r emovable t op and 

bottom j ewel bearings. The shaft rides between the 

bottom pin bearing and the upper pin bearing with 
the cylinder rotating in an air g ap formed by the 

electromagnet and the magnetic c ore. 

The bridge i s  secured to the electromagnet and 

frame by two mounting scr ews . In addition to holding 
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+ X  + X  + X  

+ z c - zc 

- R 

- X  -X -X 

(a) WITH Zc • 0 (b) WITH Zc > 0 (C )  WITH Zc < 0 

185Al82 

Fig. S R-X Diagram Characteristics with Various Zc -
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 adj uster is lo cated on the 
underside o f  the bridge and is attached to the moving 
contact arm by spiral spring. The spring adjuster is 

also h eld in place by a spring type clamp. 

U nd e rvo l tage U n i t  

The voltage unit is  a n  induction-cylinder unit. 

Mechanically, the voltage unit is c omposed like 

the directional unit ,  of four component s: A di ecase 
aluminum frame, an electromagnet , a moving element 
assembly, and a molded bridge. 

The electromagnet has two pairs of voltage c oils.  

Each pair of  diametrically opposed coils is c onnected 
in series.  In addition one pair is  in series with an 

adj ustable resistor. These sets are in parallel as 
shown in Fig. 3. The adjustable r esistor s erves not 
only to shift the phase angle of the one flux with r e­

spect to the other t o  produc e t orque, but it also 
provides a pick-up adjustment. 

Otherwise the undervoltage unit is  s imilar in its 
construction to the directional unit. 

T el ephone Rel ay 

The telephone relay ( X) has a slow drop-out 
characteristic. When energized, the sol enoid core 

attracts an iron right-angle armature bracket which in 

turn opens the break c ontacts. In actual service, the 

relay is normally energized holding t he break con­

tacts open. ( Note :  the make c ontacts are not used . )  

Drop-out delay adjustment i s  obtained b y  varying 

the air-gap b etween the armature and the core. 

o..) I 1 - o 

VpoL( R E F.) 

<1 •  (- t,5 I 1 Z c){ 
b) I 1 �lr , l[llQ0 t KVtT 

CON:TY"ACT 
CLO 5 

Vop :E-t-..._ __ �v,T I \ 1 I 

�- CONTACT 

cfK (-1,5I t Z  
/OSES 

y vn vop 
H---.....;s Jt c) r ,  = l r d �· 

- f." '------v-----' VpoL(REF� 
+ I,S 11 ZA 

RELAY- TYPE K L F  VECTOR D IAGRAMS 

185A331 

Fig. 6 EHect of Compensator Voltages ( Zc is positive) 

I n d i c at ing  Contactor S w i t c h  U n i t  ( I C S) 

The d-e indicating contactor switch i s  a small 

clapper-type device. A m agnetic armature, to which 

leaf-spring mounted contacts are attached, is  at­
tracted to the magnetic c ore upon energization of the 
switch. When the switch close s ,  the moving contacts 

bridge two stationary c ontacts, 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 r eset from the outside of the 
case by a push rod located at the bottom of the c over. 

The front spring, in addition to h olding the tar­

get, provides r estraint for the armature and thus c on­

trols the pickup of the switch. 

O P E R A T I O N  

The r elay is c onnected and applied t o  the syst em 
as s hown in Fig. 4.  The directional unit closes its 

contacts for lagging var flow into the machine .  Its 

zero torque line h as been set at - 1 3• from the R-axis. 

Its primary function is to prevent operation of the 

relay during external faults. The impedance unit 
closes its contacts w hen, as a result of reduction in 
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Fig. 7 Typical Machine Capacity Curves Plotted on a Per 

Unit KVA Basis ( 1 83, 500 KVA, 4511 H2, 18KV, 0.9 

pf, 0. 64 SCR, inner-cooled, 3600 rpm.)  

excitation, the impedance of the mac hine as v iewed 
from its terminals is less than a predetermined value. 

The operation of b oth the impedance and directional 
units sounds an alarm,  and the addition al operation 

of the undervoltage unit trips the machine. As shown 

in Fig. 4, the contacts of all three units are c on­

nected in series across a t el ephone type r elay de sig­
nated X, which provides approximately 15 cycles 

time delay on dropo ut before energizing the trip coil . 

This time delay is to insure positive c ontact c oor­

dination under all possible operating conditions . 
During normal conditions, all contacts are open. 

P r i n c i p l e of D i stance U n i t  O p erat i o n  

The distance unit is  an induction cylinder unit 

having directional c haracteristics . Operation depends 

on the phase r elationship between magnetic flux es 
in the poles o f  the electromagnet. 

One set of opposite poles ,  designated as the 

operating poles are energized by voltage v1 T modified 

by a voltage derived from the long reach c ompensator 

T A· The other set of poles (polarizing) are energized 

by the sam e voltage v1T except modified by a v oltage 

derived from the short r e ach c ompensator Tc . The 

flux in the polarizing pole i s  so adjusted that the 
unit closes its c ontacts whenever flux in the op erat­
ing s et of poles l eads the flux in the polarizing set. 

6 

The v oltage v1T is e qual to 

v 1T = v1 2  + 0 · 5 v23 = 1 . 5 v 1N ( 1 ) 

-.2 

-.4 

lA 
-.6 

-.8 

I!ESI STANC[ IN P E R  U N I T  

T Y P I CAL MACHINE CAPA B I L I T Y  CURVES AND 
SAMPLE "lF RELAY SETTING , PLOTTED ON 
A PER UNIT IMPfOANCE BASIS 

185Al84 

Fig. 8 Typica l Machine Capac ity Curves and Sample K L F  

Settings - Per Unit Impedance 

As shown in Fig. 4, one-half of V 23 voltage is 

physically derived in the r el ay at midtap of a r eactor 
connected acr oss v oltage V 23 . 

Reach of the distance unit is determined by 
compensators T A and Tc as modified by auto-trans­
former s ettings. Compen sators T A and T c are de­
signed so t !o:at its mutual imp edance Z A or Z c has 

known and adj ustable v alues as des cribed below 
under CHARACTERISTICS and SETTINGS. The 

m utual impedance of a compensator is defined h ere 

as the ratio of s econdary induced v oltage t o  primary 

current and is equal to T. Each sec ondary compensa­

tor voltag e is in series with th e v oltage v1T . Com­

pensator voltages are e qual to 1 . 5 I 1 ZA for long 

reach c o mpensator and 1 . 5  r 1 Zc for short reach 

compensator, where I ,  is the relay current . 

Fig. 5 shows how the compensation voltages 
1 . 5I1ZA and 1 . 5  r 1 Zc influence the R-X circle .  Note 

that Z A independently determines the ' 'long reach ' ' ,  
while Zc independently fixes the "short reach " .  

With t h e  r eversing links in the norm al position ( +Zc) 
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TYP E KLF R E LAY __________________________________________________________ I_. L_. _41--7--48 E 

the circle includes the o rigin; with the opposite link 
position (-Zc)  the circle misses the origin. The fol­

lowing p aragraphs explain this comp ensator action. 

Referring to Fig. 4 note th at R B and C B c au s e  
the polarizing voltage to be shifted 9 0 •  in the  leading 
direction. Thus, when the current is z ero,  polarizing 

voltage V POL leads the operating voltage v0p by 
90•, as shown in Fig. 6(a) .  This relation produces 

restraining torque .  To illustrate how Z A fixes the 

long reach, assume a relay current which leads v1N 
by 90• and of sufficient magnitude to operat e  the 
relay.  This means the apparent impedance is along 
the -X axis. Note in Fig. 6(b) that the ZA compen­
sation r everses the operating voltage phase position. 

The relay balances when this voltag e is zero. Note 

that this balance is un affected by the Zc compensa­

tion, since this compensation merely increases the 

size of VpoL. 

For lagging current conditions note in Fig. 6( c)  

how V POL is reversed by the Zc compensation. In 

this cas e  the Z A 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 ! n­

cludes origin). If the current coil link is r ev ersed, 
the compensation becomes +1 .51 ,  Zc. In Fig. 6(b) 

this change would r esult in, VPOL being reduced 

rather incre ased by the compensation. As the current 

increases VpoL will finally be reversed, reestablish­
ing restraining torque .  Thus , the current need not 
reverse in order to obtain a "short-reach" balanc e 
point. Instead the apparent impedance need only 

move towards the origin in the -X r egion to find the 

balance point. Therefore ,  the circle does not include 
the origin with a reversed link position. 

C H A R A C T E R !  S T I  C S  

The type K LF relay is available in one range. 

D i stance U n i t  

The distance unit can be s e t  to have charac­
teristic circles that p ass 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 c an be made for any v alue from 2 . 08 to 

56 ohms for ZA , and from 0.  79 ohm to 18 ohms for Zc 
in steps of 3 percent. 

The taps are marked as follows: 

2. 4 ,  3 . 16 ,  4. 35 ,  5 . 9 3 ,  8 . 3 ,  1 1. 5 ,  15 .8  

0 .0 ,  0 . 9 1 ,  1 . 27 ,  1 .82 ,  2 .55 ,  3 . 64 ,  5 . 1 

1, 2, 3 

± values b etween t aps . 0 3 ,  . 0 6 ,  . 0 6  

D i r e c t i o n a l  U n i t  

The K L F  relay is d esigned for potential polari­

zation with an int ernal phase shifter, so t hat maximum 

torque occurs when t he operating current leads the 

polarizing voltage by appro1imately 13 degrees. The 

minimum pickup has been set by the spring t ension to 
be approximately 1 volt and 5 amperes at maximum 
torque angl e .  

U nderva l tage U n i t  

T h e  undervoltage unit is designed t o  close its 

contacts when the voltage is lower than the set value. 
The undervoltage unit is energized with VlT -voltage. 

This voltage is equal to 1. 5V 1N voltage.  The con­

tacts can be adjusted to close over the range of 65 
to 85 perc ent of normal system voltage.  The dropout 
ratio of the unit is 98 percent or higher. 

T r i p  C i rc u i t  

The m ain contacts will safely close 3 0  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 b reaker. 

The indicating contactor switch has two taps 

that provide a pick-up setting of 0 . 2  or 2 amp eres. To 

change taps requires con necting the lead located in 

front of the t ap block to the desired setting by means 
of a screw connection. 

T r i p  C i r c u i t  C o n stant  

Indicating Contactor Switch (ICS) 

0 .  2 ampere t ap - 6 . 5  ohm d-e resistance 

2. 0 ampere t ap - 0. 15 ohm d-e resistance 
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TYP E K LF R E LAY __________________________________________________________ __ 

B urden 

Current 
@ 5 amps, 60 cycles 

TA & Tc 
SETTINGS 

MAX. 
MIN. 

VA 

18 .6  
3 .8 

Potential 

ANGLE 
OF L AG 

77• 
5 1• 

@ 1 20 volts, 60 c,ycles 

Phase AB Phase BC 

SA = Sc 
1 
2 
3 

VA 
--

18 . 0  
1 4 . 4  
1 3 . 9  

RATING 

1 25 
250 

T h e r m a l  R a t i n g s  

ANGLE 
OF L AG VA 

-

2•  2 .6  
3 1° 5 .9  
39• 6.6 

D-C Circuit 

WATTS @ RATED 

3 . 9  
7 . 8  

Potential : 1 3 2  volts ( L-L) continuous 

Current: 8 amperes continuous 
200 amp eres for 1 second 

ANGLE 
OF LAG 

1 2• 
38• 
4 2• 

S E T T I N G S  C A L C U L A T I O N S  

D i s tance U n i t  

Set the distance unit to operat e  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 . 9 5  per unit voltage ( lowest voltage 
for which the capability curve applies).  Where the 
maximum capability ofthe m achine cannot be realized 
without exc eeding the steady-state stability limit, 
set the dist ance unit to operate before the steady­
state limit is exceeded. Capability curves similar 
to Fig. 7 are obtained from the generator manufacturer. 

To determine the desired setting convert the 
cap ability curve of Fig. 7 to the impedance curve of 

VT 2 ,  
Fig. 8 by calculating --- where VT i s  the per 

( KVA)C 

unit terminal voltage and (KV A)C is the per unit out­
put. If the c apability curve is a circle the radius R 1 

8 

and offset C 1 of the inverse circle ( VT = 1 ) can be 
calculated as follows: 

c 

R 

1 Cc D_· = 2 2 cc - Rc 
( 2) 

1 RQ 
= 2 2 cc - Rc 

( 3) 

where c l = distance of c apability - circle cen­
ter from origin of R-X diagram. 

Rl = radius of cap ability circle on R-X 
diagram. 

c c = distance of power-circle center from 
origin. 

Rc = radius of power circle 

e = offset angle 

After plotting the steady-state stability limit and 
the m achine c apability curves on the R-X diagram, 
plot the relay circle between the stability limit and 
the capability curve.  (Not e  in Fig. 8 that the relay 
circle cannot b e  plotted within the 60 11 - V T = 0 . 9 5  
curve , since the m achine is beyond t h e  ste ady-state 
stability limit for these conditions . )  This plot defines 
the desired reach Z A and r adius R of the relay 
circle. Then use the following procedure to select 
tap settings. 

where 

1000 ( kv) 2 Rc . 
Zbase = ohms 

2 base 
kv 

( kva) Rv 

one per unit primary ohms/ as 
seen from the relay 
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 setting s ,  Z A and Z c • are :  

ZA = ( ZA per unit) x ( Zbase ) 

Zc = ( Zc per unit) x ( Zb ase) = 

( 2R-Z A) x ( Zb ase) 
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where R = radius of circl e in per unit. 

The tap-plate settings are made according 
to equations : 

wl)ere: 

TS 
7-'A (or Ze ) = 

--
1 ± M 

T = compensator tap value. 

(5) 

S = auto-transformer primary t ap val­
ue. 

1\l = auto-transformer second ary tap 
value.  

(M is a per-unit valu e determined by t aking the 

sum of the values between the L and the R 
leads.  The sign is positive when L is abov e 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 follow ed to ob­

tain an optimum setting of the relay :  

1.  Select the lowest tap S which give a product 

of 18. 6S A greater than desir ed Z A and a pro­

duct of 6Se greater than desired Ze. 

2. Select a value of M that will most ne arly mak e  

i t  equal t o :  

TS M = -- - 1 .  
z 

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

Samp l e  C a l c ul at i o n s  

Assume that a K L F  relay is t o  be applied to the 

following m achine: 

3-phase,  60 cycles,  3600 rpm, 18 kv, rated at 
0 9 pf, 183 , 500 KVA at 45 l't� . 

Rc = 1400/ 1 Rv = 150/ 1 

If the recommended setting from Fig. 8 is used: 

Z A per unit = 1 .  fl8 

Ze per unit = 2R - ZA = 2 x 0 . 94 - 1 . 68 = 0 . 20 

(The relay circl e in Fig. 8 was obtained by tri al 
and error using a comp ass to get th e desired radius 

and o ffset. ) 
2 

1000 (kv) Rc 
( 1) Zbase = 

-----­(kva)Rv 

1000 X ( 18) 2 X 1400 

1 8 3 , 500 X 1 50 
1 6 . 45 
ohms 

( 2) ZA = ZA(per unit) ( Zbase) = ( 1 .68)  ( 16 . 45) = 27. 6  ohms 

(3) Zc = Z c ( per unit) ( Zbase) = ( 0 . 20 )  '(16.45) = 3. 29 ohms 

To set ZA = 27. 6 
st ep 1 :  The lowest tap S A for 18. 6 SA greater than 

ZA = 27.6 is 2. Set SA in t ap 2. 

St ep 2:  TA near est to 27.6 = 1 3 . 8  is TA = 1 5 . 8  

2 

Set TA in 15 .8  tap 

TA SA 15 .8  x 2 
Step 3: M A

= ---- - 1  = - 1  = 

z 27.6  
1 . 145 - 1  = + . 145 

Set M = + . 15 .  Place R lead in 0 ,  L lead in u pp er 
.06.  The relay s etting is no w: 

TA SA 15. 8 x 2  
Actual Z A = --- = 

1 ± M 1 + 0 . 15 

This is 99 .7% of the desired setting. 

To set  Zc = 3. 29 ohms: 

3 1 . 6  

1 . 15 
= 27.5 

Step 1 :  The lo west tap S e for 6Se greater than 3. 29 is 

se = 1.  

set Se = 1 

Step 2: Te nearest to 3 . 29 = 3. 29 is 3 . 64 

1 

Set Te in 3 . 64 tap .  

Te Se 3 . 64 x 1 
step 3: Me = -- - 1 = - 1  = 1. 107 - 1  = 

ze 3. 29 

+. 107 

Hence, the nearest M e value is + . 1 2. Now set 

R lead in 0 . 03 tap and L lead in the upper .06 

tap. 

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

Te Se 3 . 64 X 1 
Then,  Ze = --- = = 3 . 25 ohms , or 

o +Me) 1 + . 12 
98 . 8% of the desired value. 

U nd e rvo l tage  U n i t  

The undervoltage unit i s  usually set t o  a value 

corresponding to the minimum safe system voltage 

for stability. This voltage depends upon syst em 

constant s and is usually between 70 and 80 p ercent. 

A higher value could be used if it is desired to trip 

the m achine sooner upon loss of field. The under­

voltage unit is set at the factory for 77 percent of 

system volt age,  or 80 volts. The desired voltage set­

ting is computed by t aking the desired percentage 
of voltage V 1 T = 1. 5V 1w 
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TY P E K L F R ELAY ________________________________________________________ __ 

Note: An electrical check of this particular setting 
is outlined in this instruction leaflet, under the head­
ing "Acceptance Check". 

S E T T I N G  T H E  R E L A Y  

The type KLF relay requires a setting for each 
of the two compensator s T A and Tc , for e ach of the 
two auto-transformers, primaries S A and Sc, and for 
the undervoltage unit. 

Compen s ator (T A a n d  Tc ) 

Each set of c ompens ator t ap s  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 b etween common insert and 
tap inserts are m ad e  with a link that is held in place 
with two connector screws , one in the common and 
one in the t ap .  

A compensator tap setting is made b y  loo sening 
the c onnector screw in t he center. Remove the con­
nector s crew in the tap end of the link, swing the 
link around until it is in po sition over the insert for 
the desired tap setting , replace the connector screw 
to bind the link to this insert , and retighten the con­
nector s crew in the center. Since the link and con­
nector s crews carry operating current , be sure that 
the screws are turned to bind snugly. 

Comp ensator Tc r equires an additional setting 
for including or excluding the origin of R-X diagram 
from the distance unit characteristic. If the desir ed 
characteristic is similar to that shown on Fig. Sb, 
the links s hould be set vertically in the + T C arrow 
direction. If a characteristic similar to that shown in 
Fig. 5c is desired, set links horizontally in the - Tc 
arrow direction. 

Auto-Transformer P r i m ary ( SA a nd Sc ) 

Primary tap connections are made through a 
single lead for e ach transformer. The lead come s out 
of the tap plate through a s m all hole located j ust 
below the taps and is held in place on the proper t ap 
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 t ap at a 
time. 

1 0  

* 

Auto- T r a n s former Second ary ( MA and M
C

) 

Secondary t ap connections are made through two 
leads identified as L and R for each transformer. 
These leads come out of the tap plate e ach through 
a small hol e ,  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 c an be m ade are 
from -. 1 5  to + . 15 in steps of . 03. The v alue of a 
setting is the sum of the numbers that are crossed 
whe n going from the R le ad position t o  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 s etting may be m ad e  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 
connector should m ake electrical contact with more 
than one tap at a time .  

Tabulated Settings 

z l\1 L L ead R Lead 

0 . 8 7  TS + . 15 Upper .06  0 

0 . 89 TS + . 1 2 Upper . 0 6  . 0 3  

0 . 9 2  TS + . 09 Lower .06  0 

0 . 9 4  TS + . 06 Upper .06 Lower .06 

0 . 9 7  TS + . 03 . 03 0 

TS 0 0 0 

1 . 03 TS - . 0 3  0 . 0 3 

1 .06 TS - . 06 Lower .06 Upper . 0 6  

1. 1 TS - . 09 0 Lower . 0 6  

1. 14 TS - . 1 2 . 0 3  Upper .06 

1 . 18 TS - . 15 0 Upper . 0 6  

Undervo l tage  U n i t  

The voltage unit is  calibrated t o  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 
loc ated 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. 
D i re c t i o n a l  Sett i ng 

There is no setting to be made on directional 
unit. 

,.&it� 
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t POSITION I - FOR 0 UNIT TEST 
tt POSITION 2 - FOR Z AND V UNIT TESTS 

POS. 1 t POS 2 tt 
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I } 3 PHASE § 120 VOLTS 

290B580 

Fig. 9 Diagram of Test Cormections for KLF Relay 

I n d i c at i n g  Contractor S w i t c h  ( I C S )  

N o  setting i s  required o n  the ICS unit except 

the selection of the 0.  2 or 2. 0 ampere t ap 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 volt d. c.  type WL rel ay 
switch, or equivalent , use the 0. 2 ampere tap. For 
48 volt d. c. applications set ICS in 2 ampere t ap and 

use Slt304C209GO 1 type WL relay coil or equivalent. 

I N S T A L L A T I O N  

The r elays should b e  mounted on switchboard 

panels or their equivalent in a location fre e  from dirt, 

moisture , exc essive vibration,  and heat .  Mount the 

relay vertically by m eans 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 be utilized for grounding the relay .  The elec­

trical connections may be made directly t o  the termi­

nals by me ans of screws for steel panel mounting or 

the terminal studs furnished with the relay for thick 

panel mounting. The t erminal studs may be easily 

removed or inserted by locking two nuts on the stud 

and then turning the proper nut wi th a wrench . 

For detailed FT Case information refer to I .L.  

4 1-076.  

A D J U S TM E N T S  A N D  M A I N T E N A N C E  

The proper adj ustments to insure correct opera­

tion of this relay have been made at the factory. Upon 

receipt of the relay, no customer adjustments,  other 
than tho se covered under "SETTINGS , "  should be 
required. 

A c c e p t a n c e  C h e c k  

The following check is r ecommended t o  insure 

that the r el ay is in proper working order :  

A. Distance Unit (Z)  

1. Conne ct the r el ay as shown in Fig. 9 with 
the switch in position 2 and the trip circuit 
deenergized. 

2. Mak e  the following tap settings: 

TA = 1 1 . 5  
SA = 2 

M A = - . 03 

Tc = 2. 55 

S c = l 

M e = - .o9 
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TY P E K L F RE LAY __________________________________________________________ _ 

Tc link in middle block should b e  set for +T c 
direction. 

This setting corresponds to Z A = 23.7 Z c = 2.80 

Adjust the phase shifter for go o current l agging 

the voltage. 

3. With the t erminal voltage at 80 volts ,  increas e 

current until contacts j ust close. This current 

should be within ± 3% of 2. 25 amp ( 2. 32-2. 18 

amp . ) .  This value corresponds to 1 . 5 Z  A set­
ting since the voltage as applied to terminal s  
4 and 5 i s  equivalent to 1 . 5V1N volt age, o r  

V lN 80 1 
ZA = -- = - x --- = 23.7 ohms. 

I 1 1 . 5  2. 25 

4. Adj ust phase shifter for go o current leading 
the voltage. 

5. With the terminal voltage at 80 volts increase 

current until contacts j ust close. This current 

should be within ± 3% of lg .o  amps . ( lg . 6-
18. 4 amp s . )  This value corresponds to 1 .5Zc 
setting for the same reason as explained above. 

Contact Gap The gap b etween the st ationary cont act 

and m oving contact with the relay in deenergized 

position should be approximately . 040".  

B. Directional Unit Circuit ( D) 

1. Connect the relay as shown in Fig. g ,  with 
the switch in position 1 and the trip circuit 

deenergized. 

2. With a terminal voltage of 1 volt and 5 amp eres 
applied, turn the phase shifter to 13 ° (current 

leads voltage). The contacts should be closed. 
This is the m aximum torque position. 

3 .  Raise the voltage to 1 20 volts and vary the 
phase shifter to obtain the two angles where 
the moving contact just makes with the left 
hand contact. These two an gles (where tor­
que reverses) should b e  where the current 

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

4.  Cont act G ap The gap between the stationary 

contact and moving cont act with the relay in 

deenergized position should be approximately 

. 0 20 ". 

C. Undervoltage Circuit 

1 2  

1. Connect the rel ay as shown i n  figure g ,  with 

switch in position 2 and the trip circuit de­
energized. 

2. D ecrease the voltage until the contacts clos e 

to the left. This value should be 80 ± 3% volts. 

D. Reactor Check 

Apply 1 20 volts AC across terminal 6 and 7. 

Measure voltage from t erminal 6 to 4 and 7 to 4. 

These voltages should be equal to each other within 
± 1 volt . 

Routine Maintenance 

All contacts should be p eriodically cl eaned. A 

contact burnisher SJtl8 2A8 36H0 1 is recommended for 

this purpose.  The use of abrasive material for clean­

ing contacts is not recommended, b ecause of the 

danger of embedding small particles in the face of 

the soft silver and thus impairing t he contacts. 

R ep a i r  C a l i b rat ion  

A. Auto-transformer Check 

Auto-trans formers may be checked for turns ratio 

and polarity by applying a. c .  voltage to terminals 4 

and 5 and following the procedure below. 

1) Set SA and Sc on t ap number 3 .  Set the "R" 

leads of M A and Me all on 0 . 0  and disconnect 
the "L" leads. Adj ust the voltage for go volts. 

Measure voltage from terminal 5 to the t ap 1tl of 
SA" It should be 30 volts ( ±1) .  From t erminal 5 

to t ap Jt2 of S A should b e  60 volts. The same 

procedure should b e  followed for taps Jt1 and 
Jt2 of Sc· 

2) Set SA and Sc on 1 and adj ust the voltage at 

the relay terminals for 100 volts. Measure volt­
age drop from t erminals 5 to each of the M A and 

Me t aps. This voltage should b e  equal to 100 
( ± 1) plus the sum of values between R and t ap 
being measured. Example 100 ( 1 + .03  + . 06 )  = 
10g volts. 

Transformers that have an output different from 
nominal by more t han 1 . 0  volt probably have 

been damaged and should be replaced. 

B.  Distance Unit ( Middle Unit) Calibration 

Make following t ap plat e  settings. 

TA = 15 .8 ;  'I'c = 5. 1 

SA = Sc = 1 

Make M A = Me = -. 1 5  settings: 

"L" lead should be connected to the "0" insert 

"R" lead should be connected to the upper ".06" 

insert. ( -. 03-. 06 . 0 6 =-. 15 between L & R). 

For the most accurate c alibration preheat relay 

for at least an hour by energizing terminals 5 ,  6 

&7 with 1 20 volts, 3 phase. 
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TYPE K L F R E LAY ________________________________________________________ �1-=L�. 4�1�-7=4B�E 

The links in the middle t ap block should b e  set 
for the +Tc direction. 

1)  Contact Gap Adj ustment 

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 t he opened position, i . e .  
against right stop on bridge ,  screw in stationary 

contact until both contacts j ust make ( use neon 

light for indication). Then screw the stationary 

contact away from the moving cont act 1- 1/3 turn 
for a contact gap of .040 ". 

2. ) Sensitivity Adj ustment 

Using the connections of Fig. 9, apply 10 
volts a.c. 90• leading, to terminals 4 and 5 

pass . 4 20 amperes through current circuit 

(terminals 9 and 8). The spiral spring is to 
be adjusted such that the contacts will just 
close. De energize the relay. The moving 

contact should r eturn to open position 

against the right hand stop. 

C) Impedance Characteristic Check 

1 )  Maximum Torque Angl e 

Adjust resistor RB ( mounted on the b ack of the 

relay) to m easure 8800 ohms. Applying 100 volts a. c. 

to terminals 5 and 4 and passing 5. 2 amperes,  through 
the current circuit turn t he phase shifter until the 

moving contact opens. Turn the phase shifter b ack 
(few degrees) until contacts close. Not e degrees. 
Continue to turn the pl)ase shifter until contact open s ,  

then swing phase shifter back until contact closes 

again. Not e  degrees. The m aximum torque angle 
should be ( ± 1 •) computed as follows :  

Degrees to Close Contacts a t  L eft + 
Degrees to Close Contacts at Right ( 6 )  

2 

Adjust resistor � 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. 1 2  - 3. 35 amp. 

Reverse current leads, the impedance unit should 

close its contacts at 9. 7 - 10 . 3  amperes. 

b .  Reverse the link s in the middle tap block to -T c 
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 c position. Change S A and 
Sc to setting "2".  Keeping voltage at 90 volt s,  
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 TA = 1 1. 5 ,  Tc = 2. 5 5 ,  SA = 2 ,  Sc = 1, MA = 
-.03 Me = -. 09. Set voltage at 90 volts le ading 
the c urrent by 90•. Impedance unit should trip at 
2 . 6 1-2. 45 amp . Reverse current leads. Pickup 
should be 20 . 8-22. 1 amp. 

Change SA· S C = 3. Check pickup. It should be 

6 , 95-7. 35 amp. Reverse current l eads. Pick-up 
should be now 1 . 74- 1.63  amp. 

D) Directional unit (Top Unit) 

1)  Contact G ap Adj ustment 

The spring type pressure clamp holding the 

stationary contact in position should not be loosened 

to m ake the neces sary gap adjustments. 

With moving contact in the opened position, i . e .  
against right stop on bridge, screw i n  stationary 

contact until both contacts j ust m ak e .  Then 
screw the stationary cont act away from the mov­

ing contact 3/4 of one turn for a contact gap of 
* . 0 2 2 " .  

2) Sensitivity Adj ustment 

With reactor X having its core scre wed out by 

about 1/8 inch apply 1. 00 volt to terminals 6 and 7.  

Observing polarities as per  schematic, and 5 amp eres 

current leading the voltage by 13•, the spiral spring 
is to be adj usted such that the contacts will j ust 
close. The adj ustment of the spring is acc omplished 
by rotating the spring adjuster which is locat ed on 

the underside of the bridge. The spring adj uster has 
a notched periphery so that a tool may be used to 
rotat e  it. The spring typ e clamp holding the spring 
adjuster should not be loosened prior to rotating the 
the spring adjuster. 

3) Plug Adjustment for Rev ersing of Spurious Torque s 

a. Set T = 0 . 0. Connect a heavy current lead from 
c 

T A center link to t erminal 8 .  

b .  Short circuit t erminals 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 
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TY PE KLF R ELAY ________________________________________________________ _ 

adjustm en t .  But , the directional unit should be 
cool when final adj ustment is made . 

e. When rel ay contact cl oses move the left screw 

out the right hand plug until spurious torque is 
reversed. 

f. When plug adj ustment is completed check to see 

that there is no closing torque wh en relay is 
energized with 40 amps and voltage terminals 
6 and 7 short-circuited. 

4) Maximum Torque Angle Check 

With 1 20 volt s and 5 amp eres applied, vary the 

phase shifter to obtain the two angles wher e 
the moving contacts just close. These two angles 

(where torque reverses) should be wh ere the 
current leads the voltage by 28 3 °  ± 4 o  an d 103° 

± 1 .  Readjust the r eactor X d if  necessary. 

E) Undervoltage Unit (Lower Unit ) 

Note: The moving contact is in closed position 

to the left when de engerized. 

1) Contact Gap Adjustment s 

a) L . H .  (Normally Closed) Contact Adj ustment 

With the m oving contact arm in the cl osed posi­

tio n, against left hand side of bridge, screw the 

left-hand contact in to just touch the moving con­
tact (use neon light for indic ation) and then con­
tinue for one m ore complete turn. 

b) R.H.  (Normally Open ) Contact Adj ustme nt 

With moving contact arm against the left hand 
stationary contact screw the right hand st ationary 
contact until it just touches the moving contact . 

Then back the right hand cont act out two-thirds 
of one turn to give 0 . 0 20 inch contact gap. 

2) Sensitivity Adj ustm ent 

a) Apply voltage to t erminals 4 & 5. With the 
adjustable re sistor, which is located at the upper 
left hand corner, set for maximum resistance ( 2500 

ohms ) adj ust the spring so that cont acts 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 r esistance value until 

contacts make at 80 volts and open whe n  unit i s  

energized with 8 1  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 

14 

d-e current through the trip circuit to close the con­

tacts of the res. This value of current should not be 
greater than the p articular res tap s ettings being 

used. The indcator target should drop freely. 

G) Telephone Relay 

Energize the telephone r elay with 1 20 volts d-e .  
The t elephone relay should operate positively. With 

an air gap of . 003"  - .004" the contacts should not 

clos e  for approximately 15 cycle s after the relay is 
de-energized. 

H) Comp ensator Check 

Acc uracy of the mutual impedanc e T of the 

compensators is set within very close tolerance s  at 

factory and should not change und er normal condi­

tions. The mutual impedance of the comp ensators can 

be checked with accurate instruments by the procedure 

outlined below. 

1 .  Set TA on the 15.8 t ap 

Tc on the 5 . 1 tap 

2. Disconnect the L-leads of sections M A and Me 
3. Pass 10 amperes a.c.  current in t erminal 9 an d 

out of terminal 8 .  

4 .  Measure t h e  compen sator voltage with a n  accurate 

high resistance voltmeter ( 5000 ohms/ volt). 

5. Compens ator A-voltage should be check ed be-­
tween lead L A and terminal 5. 

For T A = 15.8 the voltage measured should be 237 
volts ± 3%. 

6. Compensator C voltage should be checked between 
lead L c and the fix ed terminal on the re sistor 
which is mounted in the r ear. 

For Tc = 5 . 1 ,  the voltage s hould be 7 6 . 5  volts ( ± 
3%). 

7. For all other taps the compensator voltage is 

1. 5IT ( ± 3%) 

where I - relay current 
T - tap setting. 

R E N E W A L  P A R T S  

Repair work can be done most s atisfactorily at 

the factory. However ,  interchange able parts can b e  

fu rni shed t o  the customer s  who are e quipped for 

doing rep air work. When ord ering parts,  always give 

the complete nameplate data. 
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Fig. 10 Outline and Drilling Plan for the Type KLF Relay in the FT4 1 Case. 
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Westinghouse I . L  4 1- 748C 

I N S TA L L A TI O N  • OPE R A T I O N  • M A I N TE N A N C E  

I N S T R U C T I O N S  
T Y P E  K L F  L O S S - O F - F I E L D  R E L A Y  

C AU T I ON Before putting protective r elays into ser­

vi ce, remove all blocking which may have been in­

serted for the purpose of s ec uring the p arts during 
shipment, make sure that all moving p arts operat e 
freely, insp ect the c ontacts to s e e  that they are 
cl ean and close properly, and operate th e  relay to 

check the settings and electrical connections. 

A P P L I C A T I O N  

The KLF relay is a single-phase relay connected 
to the a-c side of a synchronous machine and contains 
three units c onnected so that the operation of two 

units sounds an alarm w arning the operator of a low 

excitation condition, and the additional op eration of 

the third unit s ets up the trip circuit. The r elay can 

be applied without modification to all types of syn­

chronous machines. 

C O N S T R U C T I O N  

The r elay consists of two air-gap transformers 

(compen sators ) ,  two tapped auto-transformers , one 

reactor, one cylinder-type distance unit, directional 
unit with adjustable r eactor , an undervoltage unit 
with adjustable r esistor, telephone relay, and an ICS 
indicating contactor switch. 

Compen sator  

The compensators which are designated T A and 
and Tc are two-winding air gap transformers ( Fig. 2).  
The primary or current winding of the long-reach 
comp ensator T A has s ev en taps w hich t erminate at 

the t ap block. They are marked 2 . 4 ,  3. 16 ,  4 .35,  5 . 93,  
8 . 3 ,  1 1 . 5 , 15 .8 .  The prim ary winding of the short­
reach compensator T c also has s even t aps which 

terminate at this t ap block. They are marked 0 . 0 ,  

0 . 9 1 ,  1. 27,  1 . 8 2, 2 . 55 ,  3 . 6 4 ,  5 . 1 .  A voltage i s  induced 
in the s econdary which i s  proportional to the pri­

mary t ap and c urrent magnitude. This proportionality 
is established by the cross s ectional area of the 

laminated steel core, the l ength of an air gap which 

is located in the center of the c oil ,  and the tightnes s  

o f  t h e  laminations. All of these factors which in-

SUP ERSEDES I .L. 41- 7486 

fluence the s econdary voltage proportionality have 

been precis ely set at the factory. The clamps which 
hold the laminations should not be disturbed by either 
tightening or loos ening t he c lamp screws .  

The s econdary winding i s  c onnected i n  series 

with the relay terminal v oltage . Thus a voltage which 

is proportional to the line current is added v ectorially 
to the r elay terminal v oltage. 

A uto- T r a n s fo r m e r  

The auto-transform er 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 o f  3 percent. 

The sign of M is negative when the R l ead is 

above the L lead. M i s  positive when L is i n  a tap 

location which is above the tap location of the R 

lead. The M setting i s  determined by the s um of per 
unit values between t he R and L lead . The a ctual 

per unit values which appear on the t ap plate b e­
tween t ap s  are 0, . 03,  .06 ,  and . 06 .  

The auto-transformer m akes i t  possible t o  expand 
the basic ranges of the long and th e short r e ach corn­

S 
pensators by a multiplier of --M-. Any relay ohm 

1 ± 
setting can b e  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. 

I m p e d an c e  T r i pp i ng U n it  

The distance unit i s  a four pole induction cyl­
inder type unit. The operating torque of the unit is 

proportional to the produ ct of the voltage quantities 

applied to the unit and the sine of the phas e  angle 

between the applied voltages . The direction of t h e  

torque s o  produced depends on t h e  fault location 
with respect to the balance point s etting. 
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TY P E K LF R ELAY _________________________________________________________ J._L_. 4_1_· 7_4a_c 

L A M I N A T E D  

C O R E  

185Al81 

Fig. 2 Compensator Construction 

Mech anically, the cylinder unit is c omposed o f  
four basic components: A die-cast aluminum frame, 

an electromagnet, a moving element assembly , and a 
molded bridge, Th e frame s erves as a mounting 

structure for the magnetic core. The magnetic c ore 

which houses the lower pin b earing is s ecured to the 
frame by a locking nut . The b earing c an be replaced, 
if nec essary, without having to r emove the magnetic 
core from the frame . 

The electromagnet has t wo s ets 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 t he upper pin bearing, which is 
threaded into the bridge, The electromagnet is se­

cured to the frame by four mounting screws. 

The moving element asse mbly -consists of a 

spiral spring, contact carrying member, and an alu­
minum cylinder asse mbled t o  a molded hub which 

holds the shaft. The hub to which the moving-contact 
arm is clamped has a wedge-and-cam construction,  

IIIDICATIRG 
COITACTOR 
SWITCK 

20000 � 125 ¥.D.c. IOOOQ - 250 V.D.C. 

11110 Ill TAlE UIIT 
{l.m ,.IT) 

LONG REACH COMPlNSATOR 
DI IEtTIOIAl UII I T  

(TO' UIIIT) 

184A958 

Fig. 3 Internal Schematic of Type KLF Relay in FT4 1 Case 

to provide low-bounce contact action. A casual in­

spection of the asse mbly might lead one to think that 

the contact arm bracket does not clamp on the hub as 
tightly as it should. H owever, this adjustment is ac­

curately made at the fact ory and is lock ed in place 

with a lock nut and should not be changed. Optimum 
contact action is obtained when a force of 4 to 10 
grams pr essure applied t o  the face of t he moving 
contact will make the arm slip one-fourth of its t otal 
free travel. Free travel is t he angle through which 
the hub will slip from t he condition of reset to the 
point where the clamp proj ection begins t o  ride up on 
the wedge, The fre e  travel can vary between 15• to 
20•. 

The shaft has r emovable t op and bottom j ewel 

bearings. The shaft rides between the b ottom pin 

bearing and the upper pin bearing with the cylinder 

rotating in an air gap formed by the electromagnet and 

the m agnetic core. The stops are an integral p art of 

the bridge. 

The bridge is secur ed t o  the e lectromagnet and 
frame by two mounting screws. In addition to holding 
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21F  
8 

21F  
+ -,--

21F 
+ 6 

21F 
7 

0 C TRIP BUS 
PO S.--T----

� 1i; l f I o  

X 

OA D 
R 

z 0 
NT ACT 

CLOSING ZONE 

SYSTEM R·X D I AGRAM 

0 I STANCE UN I T  VECTORS 
FOR IDOl P.F.  GENERATOR OUTPUT POLAR I Z I NG 

COILS 

OPERATING 
CO I LS 

DEY ICE NUMBER CHART 

2 1F·LOSS OF F I ELD RELAY, TYPE KLF 
D·DIRECT I DMAL UN I T  IN TYPE KLF RELAY 

ICS·IMDICATING COMTACTOR SWITCH I N  
TYPE KLF RELAY 

t - FUSE KLF RELAY SEPARATELY FROI4 
ALL OTHER SECONDARY BURDENS 

TA·LDNG REACH COMPENSATOR 
TC·SHORT REACH COMPENSATOR 

V·VOLTAGE UN IT IN TYPE KLF RELAY 

CON TACT 
CLOSES 

X· TELEPHONE RELAY I N  TYPE KLF RELAY 
Z· IMPEDANCE UNIT IN TYPE KLF RELAY 0 

v23 ( RE f )  

13 

- I  
�3-0M·DFF CUT -OUT SWITCH 
52-POWER C I RCU I T  BREAKER 

A-BREAKER AUX I L I ARY SWITCH 
TC-BREAKER TR I P  COIL 

3-� X 

X-DEMOTES CONTACTS CLOSED 
0 I RECTI DMAL UN I T  VECTORS 

FOR !OOl P.F.  GENERATOR OUTPUT 

Fig. 4 External Schematic of Type KLF Relay 

the upper pin b earing, the bridge is u sed for mounting 

the adjustable stationary contact housing. This sta­
tionary contact h as . 0 0 2  to . 00 6  inch follow which is 
set at the factory by means of the adjusting screw. 

Aft er the adjustment is made the screw i s  sealed in 

position with a material which flows around t he 
threads and then solidifies. The stationary contact 
housing is h eld in position by a spring type clamp. 
The spring adj uster is  located on the underside of 
the bridge and is attached to the moving contact arm 
by a spiral spring. The spring adjuster is also held 

in place by a spring type clamp . 

When contacts close , the electrical connection 

is m ade t hr ough the stationary contact housing clamp, 

to the moving contact , through the spiral spring and 

out to the spring adjuster clamp. 

D i rec t i o n al U n i t  

The directional unit i s  an induction cylinder 
unit operating on the i nt eraction between the polariz­

ing circuit flux and th e operating circuit flux . 

Mech anicallY , the directional unit is composed 

of the same basic components as the distance unit : A 

4 

die-cast aluminum frame ,  an electromagnet, a moving 

element assembly , and a molded b ridge . 

The electromagnet h as t wo series-connected 

polarizing coils mounted diametrically opp osite one 
another; two series-connected operating coils mounted 
diametrically opposite one another ; two magnetic ad­

justing plugs; upp er and lower adjusting plug clips, 

and two locating pins. The locating pins are used to 
accurately position the lower pin b e aring , which is 

threaded into the b ridge .  The e lectromagnet i s  se­
cured to the frame by four mounting scr ews. 

The moving element assembly consists of a 
spiral spring,  contact carrying membe r ,  and an alu­

minum cylinder assembled t o  a molded hub which 

holds the shaft. The shaft h as r emovable t op and 

bottom j ewel 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 th e m agnetic c ore. 

The bridge i s  secured to t he e lectromagnet and 

frame by two mounting scr ews . In addition to holding 
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+ X  + X  + X  I + zc - zc 

- R  + R  - R  + R  

ZA ZA 

- X  -X -X 

(a) WITH Z c  • 0 (b) WITH Zc > 0 (C) WITH Zc < 0 

185Al82 

Fig. 5 R-X Diagram Characteristics with Various Zc -

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 l ocated on the 
underside of the bridge and is attached to the moving 

contact arm by spiral spring. Th e spring adjuster is 

also h eld in place by a spring type clamp. 

U nd e rv o l tage U n i t  

The voltage unit is  an induction-cylinder unit. 

Mechanically, the voltage unit is c omposed like 

the directional unit,  of four component s: A diecase 
aluminum frame ,  an electromagnet ,  a moving element 
assembly, and a molded bridge . 

The electromagnet has two p air s of voltage c oils.  

Each pair of  diametrically opposed coils is connected 
in series .  In addition one pair is in s eries with an 

adjustable resistor. These sets are in parallel as 
shown in Fig. 3. The adjustable r esistor s erves not 
only to shift the phase angle of the o ne flux with r e­
spect to the other t o  produce t orque, but it also 
provides a pick-up adjustment . 

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

T el ephone R e l ay 

The telephone relay ( X) has a slow drop-out 
characteristic. When energized, t he sol enoid core 

attracts an iron right-angle armature bracket which in 

turn opens the break c ontacts.  In actual service, the 

relay is normally energized holding the break con­

tacts open.  ( Not e :  the make c ontacts are not us ed . )  

Drop-out delay adjustment i s  obtained b y  varying 

the air-gap b etween the armature and the core . 

a.) :r ' - 0 

YpoL( REF.) 

.t • (- o.s :r ,  Zc){ 
b) r 1-jr , Jl±.!.9.0 f "YoT 

CON�T�ACT 
CLO 5 

Vop �1---6---.vtT I \ 1 I 

�- CONTACT 
CLOSES 

cf • (-o.s:r 1 z  I /-
� V1T Vop 
H-...,.---fJ ill c) z o = l •d �· _ f."  � VpOL(REF.) + t.S Io z,. 

RELAY- TYPE K l f  VECTOR DIAGRAMS 

185A331 

Fig. 6 EHect o f  Compensator Voltages ( Zc is positive) 

I n d i c at i n g  Contactor Switch  U n i t  ( I C S) 

The d-e indicating contactor switch is a small 

clapper-type device. A m agnetic armature, t o  which 

l eaf-spring mounted cont acts are attached, is at­
tracted to the magnetic core upon energization of the 
switch. When the switch closes, the moving contacts 
bridge two stationary c ontacts, completing the t rip 
circuit. Also during this operation two fingers on the 

armature deflect a spring located on the front of the 
switch, which allows t he operation indicator target 
to drop. The target is r eset from t he outside of the 
case by a push rod located at the b ottom o f  the c over. 

The front spring, in addition to h olding the t ar­

get, provides r estraint for the armature and thus c on­

trols the pickup of the switch. 

O P E R A T I O N  

The r elay i s  c onnected and applied t o  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 b een set at - 1 3° from the R-axis. 

Its primary function i s  to prevent operation oi the 

relay during external faults. The impedance unit 

closes its contacts w hen, as a result of reduction in 
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PER UNIT KW 
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Fig. 7 Typ ical Machine Capacity Curves Plotted on a Per 

Unit KVA Basis (183, 500 KVA, 451t H2, 1 8KV, 0.9  

pf, 0. 64 SCR, inner-cooled, 3600 rpm. )  

excitation , the impedance of the mac hine as v iewed 
from its terminals is less than a predetermined value. 

The operation of b oth 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 c ontacts of all three units are c on­

nected in series across a telephone type r elay de sig­
nated X, which provides approximately 15 cycles 

time delay on dropout before energizing the trip coil . 
This time delay is to insure positive c ontact coor­
dination under all possible operating conditions. 
During normal conditions, all contacts are open. 

P r i n c i p l e  of D i st a n c e  U n i t  Operat ion  

The distance unit is an induction cylinder unit 
having directional characteristics . Operation depends 

on the phase r elationship between magnetic flux es 
in the poles o f  the e lectromagnet. 

One set of opposite pol es,  designated as the 

operating poles are energized by voltage v1 T modified 

by a voltage d erived from the long reach compensator 

T A' The other set of poles (polarizing) are energized 

by the sam e voltage v1T except modified by a v oltage 

derived from the short r e ach c ompensator Tc . The 

flux in the polarizing pole i s  so adjusted t hat the 
unit closes its c ontacts whenever flux in the op erat­

ing s et of poles leads the flux in the polarizing set. 

The voltage v1T is e qual to 

v lT = V1 2  + 0 . 5  v23 = 1.5 v lN ( 1) 

6 

-.2 

-.4 

lA 
-.6 

-.8 

RESISTANO! IN PER U N I T  
• . 6 

TY P I CAL MACHINE CAPA B I L I T Y  CURVES AND 
SAMPLE �kf RELAY SETTING 1 PLOTTED ON 
A PER U N I T  lhiP!OANCE BASIS 

1.4 

185Al84 

Fig. 8 Typical Machine Capac ity Curves and Sample K L F  

Settings - Per Unit Impedance 

As shown in Fig. 4 , one-half of V 23 voltage is 

physically derived in the r elay at midtap of a r eactor 
connected across v oltage V 23 . 

Reach of the distance unit is determined by 

compensators T A and Tc as modified by auto-trans­
former s ettings. Compensators T A and T c are de­
signed so that its mutual impedance Z A or Zc has 

known and adj ustable v alues as des cribed b elow 

under CHARACTERISTICS and SETTINGS. The 

mutual impedance of a compensator is d efined h ere 
as the r atio of s econdary induced v oltage t o  primary 

current and is equal to T. Each sec ondary compensa­

tor voltage i s  in series with the v oltage v1T . Com­

pensator voltages are e qual to 1 . 5 I 1 ZA for long 

reach c o mpensator and 1 . 5  I 1 Zc for short reach 

compensator, where I ,  is the relay current. 

Fig. 5 shows how the compensation voltages 

1 .5I1 ZA and 1 . 5 1 1 Zc influence the R-X circle. Note 

that Z A independently determines the "long reach " ,  
while Zc independently fixes t h e  "short reach " .  

With the r eversing 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 p aragraphs explain this compensator action. 

Referring to Fig. 4 note that R B and C B cau s e  
the polarizing voltage to be shifted goo in the l e ading 
direction. Thus ,  when the current is z ero ,  polarizing 

voltage V POL leads the operating voltage v0p by 
goo, 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 goo 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 A compen­
sation r ev erses the operating voltage phase position. 

The relay b alances 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 compens ation. In 

this cas e  the Z A compensation has no effect on th e 

balance point. This explains why the short r each 
point is fixed independently by Zc. 

Fig. 6 assumes that Zc is positive ( circle in­

cludes origin). If the current coil link is r eversed, 

the compensation becomes +1. 5I, Zc. In Fig. 6(b) 

this change would result in, VPOL being reduced 

rather increased by the compensation. As the current 

increases VpoL will finally be reversed, reestablish­
ing r estraining torque. Thus,  t he current need not 
reverse in order to obtain a "short-reach" balance 
point. Instead the apparent imp ed ance 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. 

C H A R A C T E R !  S T I C S  

The type K LF relay is available in one range. 

D i stance U n i t  

The distance unit can be set t o  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

pensator settings and modified by autotransformer 

settings S, L, and R. The impedance settings in 

ohms reach c an be made for any v alue from 2. 08 to 
56 ohms for ZA , and from 0. 7g ohm to 18 ohms for Zc 
in steps of 3 percent. 

The taps are marked as follows : 

2. 4 ,  3 . 16 ,  4. 35,  s . g 3 ,  8 . 3 ,  1 1. 5, 15. 8 

0 . 0 ,  o . g 1 ,  1 . 27,  1 . 8 2 ,  2 .55 ,  3 . 64 ,  5 . 1 

± values b etween t aps . 0 3, . 0 6 ,  . 0 6  

D i rect i o n a l  U n i t  

The KLF relay is design ed for potential polari­

zation with an int ernal phase shifter, so t hat maximum 

torqu e occurs when the operating current leads the 

polarizing voltage by approlimately 13 degrees. The 

minimum pickup has been set by the spring t ension to 
be approximately 1 volt and 5 amperes at maximum 

torque angl e .  

U nd ervo l tage U n i t  

The undervoltage unit is designed t o  close it s 
contacts when the voltage is lower than the set value. 

The undervoltage unit is energized with v1T -voltage. 
This voltage is equal to 1 .5V 1N voltag e .  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 gg percent or higher. 

T r i p  C i rc u i t  

The m ain contacts will safely close 3 0  amperes 
at 250 volts d . c .  and the seal-in contacts of the 

indicating contactor s witch will safely carry this 
current long enough to trip a circuit b reaker. 

The indicating contactor switch has two taps 
that provide a pick-up setting of 0 . 2  or 2 amp eres.  To 

change taps requires connecting the lead located in 

front of the t ap block to th e d esired setting by means 
of a screw connection. 

T r i p  C i rcu i t  C o n stant 

Indicating Contactor Switch (ICS) 

0 . 2  ampere t ap - 6 . 5  ohm d-e resistance 
2.0 ampere t ap - 0. 15 ohm d-e resist ance 
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Current 
@ 5 amps, 60 cycles 

TA & Tc 
SETTINGS 

MAX. 
MIN .  

VA 

1 8 . 6  
3 .8 

P otential 

ANGLE 
OF L AG 

@ 1 20 volts, 60 c,ycles 

Phase AB Phase BC 

SA = Sc 
1 
2 

3 

VA 

18 .0  
14. 4 
1 3. 9  

RATING 

1 25 
250 

T h e r m a l  R a t i n g s  

ANGLE 
OF L AG VA 

-

2•  2. 6 
3 1 ° 5 . 9 

39• 6 . 6  

D-C Circuit 

WATTS @ RATED 

3 . 9  
7 . 8  

P otential: 132 volts ( L-L) continuous 

Current: 8 amperes continuous 

200 amperes for 1 second 

ANGLE 
OF LAG 

1 2• 
38• 

4 2• 

S E T T I N G S  C A L C U L A T I O N S  

D i stance U n i t  

Set the distance unit t o  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.  9 5  per unit voltage (lowest voltage 
for which the capability curve applies). Where the 

maximum capability of the m achine cannot be realized 

without exc eeding the st eady-state stability limit, 

set the distance unit to operate before the steady­

state limit is exceeded. Capability curves similar 

to Fig. 7 are obtained from the generator manufacturer. 

To determine the de sired setting convert the 

capability curve of Fig. 7 to the impedance curve of 

VT 2 ,  
Fig. 8 b y  calculating --- where VT i s  the per 

(KVA)C 

unit terminal voltage and (KV A)C is the per unit out­

put. If the c ap ability curve is a circle the radius R 1 

8 

and offset C 1 of the inverse circle (VT 
calculated as follows: 

1)  can be 

1 Cc �· c = Cc 2 - Rc
2 ( 2) 

1 Rc R = 
2 2 (3)  

Cc - Rc 

where c 1 = distance of c apability - circle cen­
ter from origin of R-X diagram. 

R1 = radius of cap ability circle on R-X 
diagram. 

c
c 

= distance of power-circle c enter from 

origin. 

Rc = radius of power circle 

e = offset angle 

Aft er plotting the steady-state stability limit and 

the m achine c apability curves on the R-X di agram, 

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 1t - V T = 0 .  95 
curve,  since the m achine is beyond the steady-state 

stability limit for these conditions.)  This plot defines 
the desired reach Z A and r adius R of the r elay 
circle. Then use the following procedure to select 

tap settings. 

where 

1000 ( kv) 2 Rc Zbase = ohms 
(kva) Rv 

Z base = one per unit primary ohms/ as 
seen from the r elay 

kv = rated phase-to-phase voltage of 

the m achine . 

kva = rated kva of the m achine 

Rc = the current transformer ratio. 

Rv 
= the potential transformer ratio. 

The actual settings, Z A and Z c • are :  

Z
A 

= ( ZA p e r  unit) x ( Zbase) 

Zc = ( Zc per unit) x ( Zbase) = 

( 2R-Z A) x ( Zb ase) 
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where R = radius of circle in per unit. 

The tap-plate settings are made according 
to equations:  

where: 

TS 
ZA (or Zc )  = --

1 ± M  

T = compensator tap value. 

( 5) 

S = auto-transformer primary tap val­
ue. 

M = auto-transformer secondary tap 
value. 

(M is a per-unit value d etermined by t aking 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.  6S A greater than d esired Z A and a pro­
duct of 6Sc greater than desired Ze. 

2. Select a value of M that will most ne arly mak e  
i t  equal to: 

TS 
M = -- - 1 . 

z 

If the sign is negative,  then the M t ap s  are connected 
with the R lead above the L lead to raise the setting . 

Samp l e  C a l c ul at i o n s  

Assume that a K L F  relay is to b e  applied t o  t he 
following m achine : 

3-phase , 60 cycl es, 3600 rpm, 1 8 kv, rated at 
0 . 9  pf, 1 8 3 , 500 KVA at 45 �. 

Rc = 1 400/ 1 Rv = 1 50/ 1 

If the recommended setting from Fig. 8 is used: 

ZA per unit = 1 . 68 

Ze per unit = 2R - ZA = 2 x 0 . 94 - 1 . 68 = 0 . 20 

( 1? Zbase = 

2 
1000 (kv) Rc 

(kva)Rv 

1000 X ( 18) 
2 X 1400 16.415 

183, 500 x 150 ohms 

(2) ZA = ZA(per unit) ( Zbase> = ( 1.68) ( 16.45) = 27. 6 ohms 

(3) Zc = Z 
c 

(per unit) (Zbase> = (0. 20) ( 16.45) = 3. 29 ohms 

To set ZA = 27. 6 
step 1 :  The lowest tap S A for 18.6  SA greater than 

ZA = 27. 6 is 2. Set SA in tap 2. 

Step 2: TA nearest to 27. 6 = 1 3 . 8  is TA = 15 . 8  
2 

Set T A in 15.8 tap 

TA SA 15. 8 x 2 
Step 3: MA = --- - 1 = - 1  = 

z 2 7 . 6  
1 . 1 45 - 1 = + . 145 

Set M = + . 1 5.  Place R lead in 0, L lead in upper 
. 06.  The relay s etting is now: 

TA SA 15 .8 x 2  
Actual Z A = --- = ---

1 ± M 1 + 0 . 15 
= 

3 1 . 6 

1 . 15 

This is 99. 7% of the desired setting. 

To set Zc = 3. 29 ohms: 

= 27. 5  

Step 1 : The lo west tap S e for 6Se greater than 3.  2 9  is 
-- se = 1 . 

set Se = 1 

Step 2: Te nearest to 3 . 29 = 3 . 29 is 3 . 64 
1 

Set Te in 3. 64 tap. 

Te Se 3 . 64 x 1 
step 3: Me = -- - 1 = - 1 = 1 . 107 - 1  = 

ze 3. 29 

+. 107 

Hence, the nearest M e value is + . 12. Now set 
R lead in 0 . 03 tap and L lead in the upper . 0 6  
tap. 

(Since Me has plus sign, lead L must b e  over R.) 

'I'c Sc 3 . 64 x 1 
Then, Ze = --- = = 3. 25 ohms , or 

( 1 +Me> 1 + . 1 2  
98 . 8% o f  the desired value. 

U nd ervo l tage U n i t  

The undervoltage unit is usually set t o  a value 
corresponding to the minimum s afe 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 m achine sooner upon loss of field. The under­
voltage unit is set at t he factory for 77 percent of 
system voltage, or 80 volts. The d esired voltage set­
ting is computed by t aking the desired percentage 
of voltage V lT = 1 . 5V lN" 
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TY P E KLF R ELAY ________________________________________________________ _ 

Note:  An electrical check of this particular setting 

is outlined in this instruction leaflet , under the he ad­
ing "Acceptance Check " .  

S E TT I N G  T H E  R E L AY 

The type KLF relay requires a setting for e ach 

of the two compensators T A and Tc , for e ach of the 

two auto-transformers, primaries S A and Sc• and for 
the undervoltage unit. 

C o m p e n s ator (T A a n d  Tc ) 

Each set of compensator t aps 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 b etween common insert and 

tap inserts are m ad e  with a link that is held in place 
with two connector screws , one in the common and 
one in the t ap. 

A compensator tap s etting is made by loo sening 

the c onnector screw in t he center. Remove the con­

nector scr ew in the t ap end of the link , swing the 

link around until it is in position over the insert for 
the d esired tap setting , replace the connector screw 

to bind the link to this insert , and retighten the con­

nector s crew in the c enter. Since the link and con­

nector scr ews carry operating current , be sure that 
the screws are turned to bind snugly. 

Comp ensator 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 to that shown on Fig. 5b, 

the links should be set vertically in the + T C arrow 

direction. If a characteristic similar to that shown in 
Fig. 5 c is desired, s et links horizontally in the - Tc 
arrow direction. 

Auto - T r a nsformer P ri m ary ( SA a nd Sc ) 

Primary tap connections are made through a 

single lead for e ach transformer. The lead come s out 

of the tap plate through a small hole located j ust 

below the taps and is held in place on the proper t ap 

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 d esired setting, replacing and tightening 
the connector screw. The connector should never 
make electrical contact with more than one t ap at a 

time. 

1 0  

Auto- T r a n s former  Secon d ary ( MA and M
C

) 

Secondary t ap connections are made through two 

leads identified as L and R for e ach transformer. 

These leads come out of the tap plate e ach through 
a small hol e ,  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 m ade are 

from -. 15 to + . 15 in steps of . 03. The v alue of a 
setting is the sum of the numbers that are crossed 

when going from the R le ad position to the L lead 
position. The sign of the M value is determined by 

which lead is in the higher position on the t ap plate.  

The sign is positive ( +) if the L lead is higher and 
negative (-) if the R lead is higher. 

An M setting may be m ad e  in the following man­
ner : Remove the connector screws so that the L and R 

leads are free. D etermine from the following t able 

the desired M value and tap positions. Neither l ead 

connector should m ake electrical contact with more 
than one tap at a time .  

Tabulated Settings 

z M L Lead R Lead 

0 . 87 TS + . 15 Upper . 0 6  0 

0 . 89 TS + . 1 2 Upper .06  .03  

0 .92  TS + . 09 Lower .06  0 

0 . 94 TS + . 06 Upper .06 Lower .06 

0 .97  TS + . 03 . 0 3  0 

TS 0 0 0 

1 .03  TS + . 03 0 . 0 3  

1 . 0 6  TS - . 06 Lower .06  Upper .06  

1. 1 TS - . 09 0 Lower . 0 6  

1. 14 TS - . 12 . 0 3  Upper . 0 6  

1 . 18 TS - . 15 0 Upper . 0 6  

U ndervo l t a g e  U n i t  

The voltage unit is  calibrated to close i t s  con­

tact when the applied voltage is reduced to 80 volts. 

The voltage unit c an be set to close its contacts 
from 70 volts to 90 volts by adjusting the r esistor 
loc ated 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. 

D i re c t i o n a l  Sett i ng  

There is no s etting to b e  made on directional 

unit. 
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I.L. 41-7.48C 

t POSITION I - FOR 0 UNIT TEST 
tt POSITION 2 - FOR Z AND V UNIT TESTS 
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I 

lfl LOAD 

1 } 3 PHASE � 120 VOLTS 

290B580 

Fig. 9 Diagram of Test Connections for KLF Relay 

I n d i c a t i n g  Contractor Sw itch  ( I C S )  

N o  setting i s  required o n  t h e  ICS unit except 

the selection of the 0 . 2 or 2. 0 amp ere tap setting. 

This selection is made by connecting the lead lo­

cated in front of the t ap block to the desired setting 

by me ans of the connecting screw. When the relay 

energizes a 125 volt or 250 volt d .c .  type WL rel ay 
switch, or equivalent , use the 0. 2 ampere tap .  For 
48 volt d. c. applications set ICS in 2 ampere t ap and 
use SII304C209G0 1 type WL relay coil or equivalent. 

I N S T A L L A T I O N  

The r elays should b e  mounted on switchboard 

panels or their equivalent in a location fre e  from dirt, 

moisture,  excessive vibration, and heat .  Mount the 

relay vertically by m eans of the four mounting holes 

6n 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 be utilized for grounding the r elay. The elec­

trical connections may be made directly to the termi­

nals by me ans of screws for steel panel mounting or 

the terminal studs furnished with the relay for thick 

panel mounting. The t erminal studs may be easily 

removed or inserted by locking two nuts on the stud 

and then turning the prop er nut wi th a wrench. 

For detailed FT Case information refer to I .L.  

4 1-076. 

A DJ U S TM E N T S  A N D  M A I N T E N A N C E  

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 tho se covered under "SETTINGS, "  should be 
required. 

A c c eptan ce C h e c k  

The following check is recommended to insure 

that the relay is in proper working order:  

A. Distance Unit (Z) 

1 . Conne ct the r el ay as shown in Fig. 9 with 

the switch in position 2 and the trip circuit 
de energized . 

2. M ak e  the following tap settings: 

TA = 1 1 .5  
SA = 2 
M A = - . 0 3  

Tc = 2 . 55 

s c = 1  
M e = - . 0 9  
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TY P E KLF RE LAY __________________________________________________________ _ 

Tc link in middle block should b e  s et for +T c 
direction. 

This setting corresponds to Z A = 23.7 Z C = 2. 80 

Adj ust the phase shifter for 90 • current l agging 

the voltage.  

3.  With the t erminal voltage at  80  volts,  increase 

current until contacts j ust close .  This current 

should be within ± 3% of 2. 25 amp ( 2. 3 2-2. 18 

amp . ). This value corresponds to 1 . 5 Z  A set­

ting since the voltage as applied to terminals 
4 and 5 is equivalent to 1 . 5V1N voltage,  or 

V 1N 80 1 
ZA = -- = - x -- = 23.7 ohms. 

1 1 1 . 5  2. 25 

4. Adj ust phase shifter for 90 • current leading 

the voltage.  

5 .  With the terminal voltage at 80 volts increase 

current until contacts j ust close.  This current 

should b e  within ± 3% of 1 9 . 0  amps . ( 19 . 6-
18. 4 amp s . )  This value corresponds to 1 . 5 Zc 
setting for t he same reason as explained above. 

Contact Gap The gap between the stationary cont act 

and moving contact with the relay in de energized 

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 

de energized. 

2. With a terminal voltage of 1 volt and 5 amperes 
applied, turn the phase shifter to 13•  (current 
leads voltage).  The contacts should be closed. 
This is the m aximum torque position. 

3. Raise the voltage to 1 20 volts and vary the 

phase shifter to obtain the two 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 by 283• and 103•, ± 4•. 

4 .  Contact G ap The gap between the stationary 

contact and moving contact with the r elay in 

deenergized position should be approximately 

. 0 20".  

C. Undervoltage Circuit 

1 2  

1 .  Connect the relay as shown in figure 9 ,  with 

switch in position 2 and the trip circuit de­
energized. 

2. D ecrease the voltage until the contacts clos e 

to the left. This v alue should be 80 ± 3% volts. 

D .  Reactor Check 

App ly 1 20 volts AC across terminal 6 and 7. 
Measure voltage from t erminal 6 to 4 and 7 to 4.  

These voltages should b e  e qual to each other within 
± 1 volt . 

Routine Maintenance 

All contacts should be periodically cl eaned. A 

contact burnisher S1t18 2A8 36H 0 1  is recommended for 

this purpose.  The use of abrasive material for clean­

ing contacts is not recommended, because of the 

danger of embedding small particles in the face of 

the soft silver and thus imp airing the contacts. 

R e p a i r  C a l i brat i o n  

A. Auto-transformer Check 

Auto-transformers m ay be checked for turns ratio 

and polarity by applying a. c. voltage to t erminals 4 

and 5 and following the procedure below. 

1) Set SA and Sc on t ap number 3 .  Set the "R" 
leads of M A and Me all on 0 . 0  and disconnect 
the "L" leads. Adjust the voltage for 90 volts. 

Measure voltage from terminal 5 to the t ap #1 of 
SA' It should be 30 volts ( ±1) .  From terminal 5 

to t ap # 2  of S A should b e  60 volts. The s am e  

procedure should be followed for t ap s  # 1  and 
�t2 of Sc. 

2) Set SA and Sc on 1 and adj ust the voltage at 

the relay terminals for 100 volts. Measure volt­

age drop from t erminals 5 to each of the M A and 

Me t aps.  This voltag e  should be equal to 100 
( ± 1) plus the sum of values between R and t ap 
being measured. Example 100 ( 1 + .03  + .06)  = 
109 volts. 

Transformers that have an output different from 
nominal by more t han 1 . 0  volt probably have 
been damaged and should be r eplaced. 

B. Distance Unit (Middle Unit) Calibration 

Make following t ap plate settings. 

TA = 15 . 8 ;  1C = 5. 1 

SA = Sc = 1 

Make M A = Me = -. 15 settings: 

"L" lead should be connect ed to the "0" insert 

"R" lead should be connected to the upper ".06" 

insert. ( -. 0 3 -. 0 6 . 0 6 =-. 15 betwe en L & R). 

For the most accurate c alibration 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 t he middle t ap block should be set 
for the +Tc direction. 

1) Contact Gap Adj ustment 

The spring type pressure cl amp 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 bridg e ,  screw in stationary 

contact until both contacts j ust make ( use neon 

light for indication). Then screw the stationary 

contact away from the moving cont act 1- 1/3 turn 
for a contact gap of . 040 ". 

2. ) Sensitivity Adj ustment 

Using the c onnections of Fig. g, apply 10 

volts a.c. goo leading, to terminals 4 and 5 

pass . 4 20 amperes through current circuit 

(terminals g and 8). The spiral spring is to 
be adj usted such that the contacts will j ust 
close. D eenergize the relay. The moving 

contact should r eturn to open p osition 

against the right hand stop. 

C) Impedance Characteristic Check 

1) Maximum Torque Angle 

Adjust resistor RB( mounted on the back of the 

relay) to m easure 8800 ohms. Applying 100 volts a.c. 

to terminals 5 and 4 and passing 5.2 amperes, through 
the current circuit turn t he phase shifter until the 

moving contact opens. Turn the phase shifter b ack 
(few degrees) until contacts close. Not e degrees. 
Continue to turn the pl)ase shifter until contact opens,  

then swing phase shifter back until contact closes 

again. Note degrees. The m aximum torque angle 
should be ( ± 1 °) computed as follows :  

Degrees to Close Contacts a t  L eft + 
Degrees to Close Contacts at Right ( 6) 

2 

Adjust resi stor � until the correct maximum-torque 
angle is obtained. 
2) Impedance Check 

a. Adjust voltage to be go volts. 

For current lagging go o the impedance unit should 

clos e it s contacts at 3. 1 2  - 3 . 35 amp. 

Reverse current l eads ,  the impedance unit should 

clos e its contacts at g. 7 - 10. 3 amp eres. 

b.  Reverse the link s 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 g ,7 - 10 . 3  amperes. 

Set links back to +Tc position. Change S A and 
Sc to setting " 2 " .  Keeping voltage at go volts,  
goo  l eading check pick-up current. It should be 

1 . 56 - 1 . 68 amperes. Now set  the phas e shifter 

so that voltage lags the current by g o o. Imped ance 

unit should trip now at 4. 85 - 5. 15 amperes. 

c.  Set TA = 1 1 . 5 ,  Tc = 2.55 , SA = 2, Sc = 1,  MA = 

-.03 Me = -. og. Set voltage at go volts le ading 
the current by goo. Impedance unit should trip at 
2 . 6 1-2. 45 amp. Reverse current l eads. Pickup 

should be 20 . 8-22. 1 amp. 

Change S A• S c = 3. Check pickup. It should be 
6 , g5-7. 35 amp. Reverse current l eads. Pick-up 
should be now 1 . 74- 1.63  amp. 

D) Directional unit (Top Unit) 

1)  Contact G ap Adj ustment 

The spring type pressure clamp holding the 

stationary contact in position should not be loosened 
to make the neces sary gap adj ustments. 

With moving cont act in the opened position, i . e. 
against right stop on bridge ,  screw in stationary 

contact until both contacts j ust mak e. Then 
screw the stat ionary contact away from the mov­

ing contact 3/4 of one turn for a contact gap o f  
. 22". 

2) Sensitivity Adj ustment 

With reactor X having its core screwed out by 

about 1/8 inch apply 1 . 00 volt to terminals 6 and 7 .  

Obse rving polarities a s  p e r  schematic, and 5 amp eres 

current leading the voltage by 13°, the spiral spring 

is to be adj usted such that the contact s will j ust 
close. The adj ust ment of the spring is acc omplishe d  

by rotating the spring adjuster which is locat e'l o n  

t h e  underside o f  t h e  bridge. T h e  spring adj uster has 
a notched periphery so that a tool may be used to 
rotate it. The spring typ e clamp holding the spring 
adjuster should not be loosened prior to rot ating the 
the spring adjuster. 

3) Plug Adjustment for Reversing of Spurious Torques 

a.  Set T = D . O. Connect a heavy current lead from 
c 

T A center link to t er minal 8 . 

b .  Short circuit t erminals 6 and 7 .  

c .  Screw i n  both plugs a s  far as possible prior t o  

starting t h e  adj ustment. 

d. Apply 80 amps only momentarily, and the direc­

tional unit need not be cooled during initial rough 
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TY P E KLF R ELAY ________________________________________________________ _ 

adjustm ent.  But , the directional unit should be 

cool when final adjustment is made . 

e. When r el ay c ontact closes move the left screw 

out the right hand plug until spurious torque is 
reversed. 

f. When plug adj ustm ent is completed check to se e 

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 1 20 volt s and 5 amperes applied , vary the 

phase shifter to obtain the two angl es where 
the moving contacts just close. These two angle s 

(wh ere torque reverses) should be where the 
current leads the voltage by 283° ± 4o and 103° 

± 1 .  Readjust the reactor X d if  necess ary. 

E) Undervoltage Unit (Lower Unit ) 

Note: The moving contact is in closed position 

to the left when de eng erized. 

1) Contact Gap Adj ustm ents 

a) L.H.  ( Normally Closed) Contact Adj ustment 

With the m oving contact arm in the cl osed posi­

tion, against left hand sid e 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 m ore complete turn . 

b) R.H.  (Normally Open) Contact Adjustme nt 

With moving contact arm against the left hand 
stationary contact screw the right hand st ationary 
contact until it j ust touches the moving contact. 

Then back the right hand contact out two-thirds 
of one turn to give 0 . 0 20 inch contact gap.  

2) Sensitivity Adjustment 

a) Apply voltage to t erminals 4 & 5.  With the 
adjustable resistor, which is located at the upper 
left hand corner, set for maximum resistance ( 2500 

ohms) adj ust 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 r esistance value until 

contacts make at 80 volts and open when unit is 

energized with 8 1  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 

14  

d-e current through th e  trip circuit t o  close the con­

tacts of the ICS. This value of current should not be 

great er than the p articular ICS tap settings being 

used. The indcator target should drop freely. 

G) Telephone Relay 

Energize the telephone r elay with 1 20 volts d-e . 

The t elephone relay should operate positively. With 

an air gap of .003"  - .004" the contacts should not 

close for appro ximately 15 cycles after the relay is 
de-energized. 

H) Comp ens ator Check 

Acc uracy of the mutual imped anc e T of the 

compens ators is set within very close tolerances at 

factory and should not change under norm al condi­

tions. The mutual impe dance of the compensators can 

be checked with accurate instruments by the procedure 

outlined below. 

1 .  Set TA on the 15. 8 t ap 

T C on the 5. 1 t ap 

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

3. P ass 10 amperes a. c .  current in t erminal 9 an d 

out of terminal 8 .  

4.  Measure t h e  compensator voltage with an accurate 

high re sistance voltmeter (5000 ohms/ volt). 

5. Compensator A-voltage should be check ed be-­
tween lead L A and terminal 5. 

For T A = 15.8 the voltage measured should be 237 
volt s ± 3%. 

6. Compensator C voltage should be checked between 

lead L c and the fix ed terminal on the re sistor 
which is mounted in the r ear. 

For T C = 5.  1, the voltage should be 7 6 . 5  volts ( ± 
3%). 

7. For all other taps the compens ator voltage is 

1. 5IT ( ± 3%) 
where I - relay current 

T - tap setting. 

R E N E W A L  P A RT S  

Repair work c an be done most satisfactorily at 

the factory. However, interchang e able parts can b e  

furnished t o  the customers who are e quipped 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 FT4 1 Case. 
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Westinghouse I . L. 41-7488 

I N STA L L A TI O N  • OPE R A T I O N  • M A I N TEN A N CE 

I N S T R U C T I O N S 
T Y P E  K L F  L O S S - O F - F I E L D  R E L A Y  

C AU T I O N  Before putting protective relays into ser­

vice, remove all blocking which may have been in­

serted for the purpose of securing the p arts during 
shipment, make sure that all moving p arts operate 
freely, inspect the c ontacts to s e e  that they are 

clean and close properly, and operate the relay to 
check the settings and electrical connections. 

A P P L I C A T I O N  

The KLF relay is a single-phase relay connected 
to the a-c side of a synchronous machine and contains 
three units c onnected so that the operation of two 

units sounds an alarm w arning the operator of a low 

excitation condition, and the additional operation of 

the third unit sets up the trip circuit. The r elay can 

be applied without modification to all types of syn­
chronous machines. 

C O N S T R U C T I O N  

The r elay consists o f  two air-gap transformers 

(compen sators ) , two tapped auto-transformers, one 
reactor, one cylinder-type distance unit, directional 

unit with adjustable reactor, an undervoltage unit 
with adjustable r esistor, telephone r elay, and an ICS 
indicating contactor switch. 

Compen sator  

The compe nsators which are designated T A and 
and Tc are two-winding air gap transformers ( Fig. 2).  

The primary or current winding of the long-reach 
compensator T A has seven t aps w hich t erminate at 
the t ap block . They are marked 2 . 4 ,  3 . 16 ,  4 . 35 ,  5 . 93 ,  

8 . 3 ,  1 1 . 5 ,  1 5 . 8 .  The p rimary winding o f  t h e  short­

reach compensator T c also has s even t aps which 

terminate at this t ap block . They are marked 0 . 0 ,  

0 . 9 1 , 1 . 27,  1 . 8 2, 2 . 55 ,  3 . 64,  5 . 1 .  A voltage i s  induced 
in the s econdary which is proportional to t he pri­

mary tap and current magnitude . This proportionality 

is established by the cross s ectional area of the 

laminated ste el core, the l ength of an air gap which 

is located in the center of the c oil,  and t he tightnes s 

of the laminations. All of thes e  factors which in-

SUPERSEDES I . L. 41 -74BA 

fluence the s econdary v oltage proportionality have 
been precisely set at the factory. The clamps which 
hold the laminations should not be disturbed by either 
tightening or loos ening t he c lamp screws .  

The s econdary winding i s  c onnected i n  series 

with the r elay termin al v oltage . Thus a voltage which 
is proportional to the line c urrent is added vectorially 
to the r elay terminal v oltage. 

Auto - T r a n s fo r m e r  

The auto-transformer has three t aps 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 l ead 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 i s  determined by the sum of per 
unit values between t he R and L lead. The actual 
per unit values which appear on the t ap plate b e­
tween t aps are 0, . 03 ,  . 06 , and .06 .  

The auto-transformer makes it  possible t o  expand 
the basic ranges of the long and th e short reach corn-

S 
pensators by a multiplier of 

1 ± M 
. Any r elay 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. 

I m p e d a n c e  Tr ipp ing  U ni t  

The distance unit i s  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 t h e  

torque s o  produced d ep ends on the fault location 

with respect to t he balance point s etting. 
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T Y P E K LF R ELAY ________________________________________________________ �1-�L�. 4�1�-7�48=B 

P R I M AR Y  L A M I N AT E D  

C O R E  

Fig. 2 Compensator Construction 

Mechanically , the cylinder unit is c omposed of 
four basic components:  A die-cast aluminum fram e ,  

an electromagnet, a moving e le ment assemb ly ,  and a 

molded bridge.  The frame s erves as a mounting 

structure for the magnetic core. The magnetic c ore 

which houses the lower pin bearing is s ecured to the 

frame by a locking nut . The b earing c an be r eplaced,  
if  necessary, without having t o  r emove the magnetic 
core from the fram e .  

The electromagnet has t w o  s ets of t w o  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 t he upper pin bearing, which is 

threaded into the bridge .  The electromagnet is se­

cured to the frame by four mounting screw s. 

The moving element asse mbly -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 c lamped has a wedge-and-cam construction, 

\IIDICATIIIG 
COIITACmR 
SWITCH 

20000 - 125 v.o.c. SOOOD - 2SO v.o.c. 
1\TII U:UTil{ 

lltTIIIITUEOUI NLUITIU t:..r.tf: Jrtd�IECliiUl 

FRONT VIEW 

UIDEI ttl TAlE Ull T (l.MI£1 UIIT} 

IEYEIS\118 LilliS 

LONG REACH COMPENSATOR 
DI RECT\OI.ll UII IT  

(TOP UIIIT} 

184A958 

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. H ow ever,  this adjustment is ac­

curately m ade at the factory and is lock ed in place 

with a lock nut and should not be changed .  Optimum 
contact action is obtained when a force of 4 to 10 
grams pr essure applied to the face of the moving 
contact will make the arm slip one-fourth of its t otal 
free travel. Free travel is the angle through which 
the hub will slip from the condition of r eset to the 
point where the clamp projection begins t o  r ide up on 

the wedge.  The free travel c an vary b etween 15° to 
20°. 

The shaft has r emovable top and b ottom j ewel 

bearings. The shaft rides b etween t he b ottom pin 

bearing and the upper pin bearing with the cylinder 

rotating in an air g ap formed by the e lectromagnet and 

the magnetic core. The stops are an int egral p art of 
the bridge. 

The bridge is s ecured t o  the electromagnet and 
frame by two mounting screws. In addition to holding 
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T Y PE K L F R ELAY ________________________________________________________ __ 

D C TRIP BUS X 

OAO 

R 

Z D 
NT ACT 

CLOSING ZONE 

SYSTEM R·X D IAGRAM 

D I STANCE UN IT VECTORS 
FOR 100% P. F.  GENERATOR OUTPUT 

DEV ICE NUMBER CHART 

21 F·LOSS OF F I ELD RELAY, TYPE KlF 
D·D I RECTIONAl UN I T  I N  TYPE KlF RELAY 

ICS- I N D ICATING CONTACTOR SWITCH IN 
TYPE KlF RELAY CONTACT 

CLOSES TA-LONG REACH COMPENSATOR 
TC·SHORT REACH COMPENSATOR 

t .  FUSE KlF RELAY SEPARATELY FROI4 
All OTHER SECONDARY BURDENS 

V-VOLTAGE UN I T  IN TYPE KlF RELAY 
X-TELEPHONE RELAY IN TYPE KLF RELAY 
Z·IMPEOANCE U N I T  IN TYPE KLF RELAY 

v23 ! REF. )  

�3-0M-OFF CUT-OUT SWI TCH 
52-POWER C I RCU I T  BREAKER 

A-BREAKER AUXILIARY SWITCH 
TC-BREAKER TR I P  COil 

- r  

X-DENOTES CONTACTS CLOSED 

0 I RECTI ONAL UN I T  VECTORS 
FOR 100% P.F.  GENERATOR OUTPUT 

Fig. 4 External Schematic of Type K L F  Relay 

the upper pin bearing, the bridge is used for mounting 

the adj ustable stationary contact housing. This sta­
tionary contact has . 0 0 2  to . 00 6  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 h eld in position by a spring type clamp. 
The spring adj uster is located on the underside of 

the bridge and is attached to the moving c ontact arm 
by a spiral spring. The spring adjuster is also held 

in plac e by a spring type clamp . 

When c ontacts 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. 

D i rec t i o n al U n i t  

The d irectional unit i s  a n  induction cylinder 

unit operating on the interaction between the pol ariz­

ing circuit flux and th e operating circuit flux . 

Mechanically, the directional unit is composed 

of the same basic c o mponents as the distance unit : A 

4 

die-cast aluminum frame ,  an electromagnet, a moving 

element assembly, and a molded b ridge . 

The electromagnet h as t wo series-connected 
polarizing coils mounted diametrically opposite one 
another; two series-connected operating c oils mounted 

diametrically opposite one another; two magnetic ad­

j usting plugs; upper and lower adj usting plug clips, 

and two locating pins. The locating pins are used to 

accurately position the lower pin b e aring , which is 

threaded into the b ridge .  The e lectromagn et is se­
cured to the frame by four mounting scr ews . 

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 h as r emovable t op and 

bottom j ewel bearings. The s haft rides between the 

bottom pin bearing and the upper pin bearing with 

the cylinder rotating in an air g ap formed by the 

electromagnet and the magnetic c ore. 

The bridge i s  secur ed t o  the electromagnet and 

frame by two mounting scr ews . In addition to holding 
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+ X  + X  
+ z c  

- R  

- X  -X 

(a) WITH Zc • 0 (b) WITH Zc > 0 

+X 

- zc 

-R + R  

-X 

( c )  WITH Zc < 0 

Fig. 5 R-X Diagram Characteristics with Various Zc -

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 c lamp. The spring adj uster is located on the 
underside of the bridge and is attached t o  the moving 

contact arm by spiral spring. The spring adjuster is 

also h eld in place by a spring type clamp. 

U nderv o l tage U n i t  

The voltage unit is  an induction-cylinder unit. 

Mechanically, the voltage unit is c omposed like 

the directional unit, of four component s: A diecase 
aluminum frame, an electromagnet,  a moving element 

assembly , and a molded bridge.  

The electromagnet has two pairs of voltage c oils. 

Each pair of diametrically opposed coils is c onnected 

in series. In addition one pair is  i n  series with an 
adj ustable resistor. These sets are in parallel as 
shown in Fig.  3. The adjustable r esistor s erves not 
only to shift the phase angle of the one flux with r e­
spect to the other t o  produce t orque, but it also 
provides a pick-up adj u stment . 

Otherwise the undervoltage unit is s imilar in its 
construction to the directional unit. 

T el ephone R e l ay 

The telephone relay (X) has a slow drop-out 
characteristic. When energized, t he sol enoid core 

attracts an iron right-angle armature bracket which in 

turn opens the break c ontacts.  In actual service, the 

relay is normally energized holding the break con­

tacts open. ( Not e :  the make c ontacts are not used . )  
Drop-out delay adjust ment i s  obtained b y  varying 

the air-gap b etween the armature and the core. 

a.) I 1 - 0  

VPOL (REF.)• jKVOT 

CONTA:! 
rv• . 

V V "CJL , _ " 

VpoL (REF.) 
.f •  (- o.5Z 1 Zc){ 

b) r ,-jr , !�o pvn 
CONTACT 
CLO�S_...A 

Vop ,.....1__'-+---�Vo T I \ 1 I 

RELAY- TYPE K L F  VECTOR D IAGRAMS 

185A331 

Fig. 6 EHect of Compensator Voltages ( Zc is positive) 

I n d i c at ing  Contactor Switch  U n i t  ( I C S) 

The d-e indicating contactor switch is a small 

clapper-type device. A m agnetic armature, to which 

leaf-spring mounted cont acts are attached , is at­
tracted to the magnetic c ore upon energization of the 
switch. When the switch close s ,  t he moving contacts 

bridge two stationary c ontacts,  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 t he operation indicator target 
to drop. The target is r eset from t he outside of the 

case by a push rod located at the b ottom of the c over. 

The front spring, in addition to h olding the t ar­
get , provides r estraint for the armature and thu s  c on­

trols the pickup of the switch. 

O P E R A T I O N 

The r elay is c onnected 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 h as been set at - 1 3° from the R-axis. 

Its primary function i s  t o  prevent operation of the 
relay during external faults. The impedance unit 

closes its contacts w hen, as a r esult of reduction in 
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PER UNIT KW 
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185Al83 

Fig. 7 Typ ical Machine Capac ity Curves Plotted on a Per 

Unit KVA Bas is (183, 500 KVA, 451t H2, T8KV, 0.9 

pf, 0. 64 SCR, inner-cool eel, 3600 rpm.)  

excitation, the impedance of the mac hi ne as viewed 
from its terminals is less than a predetermined value. 
The operation of b oth 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 c ontacts of all three units are con­
nected in series across a t elephone type r elay desig­
nated X, wh ich provides ap proximately 15 cycles 
time delay on dropout before energizing the trip coil. 
This time delay is to insure positive c ontact c oor­
dination under all possible operating conditions. 
During normal conditions,  all contacts are open. The 
relay will not trip on accidental loss of potential 
under normal op erating c onditions. 
P r i n c i p l e  o f  D i s t a n c e  U n i t  O p e r a t i o n  

T h e  distance unit is a n  induction cylinder unit 
having directional c haracteristics . Operation depends 
on the phase r elationship between magnetic fluxes 
in the poles o f  the electromagnet. 

One set of opposite pol es, designated as the 
operating poles are energized by voltage v1 T modified 
by a voltage d erived from the long reach compensator 
T A· The other set of poles (polarizing) are e nergized 
by the same voltage V 1 T except modified by a v oltage 
derived from t he short reach c ompensator Tc . The 
flux in the polarizing pole i s  so adjusted t hat the 
unit closes its c ontacts whenever flux in the operat­
ing s et of poles leads the flux in t he polarizing set. 

6 

The voltage v1 T  is e qual to 

v IT = vl 2 + o . 5 v23 = 1 . 5  v lN ( 1) 

R E S I STANCE IN P E R  U N I T  
.---���--��,·�.6--�.a�w-�����1.4 

-.2 

-.4 

lA 
-.6 

-.8 

- x  
T Y P I CAL MACHINE CAPABILITY' CURVES AND 
SAMPLE �LF RELAY SETTING , PLOTTED ON 
A PER U N I T  IMPfOANCE BASIS 

185Al84 

Fig. 8 Typ ica l Machine Capacity Curves one/ Sample KLF 

Settings - Per Unit Impedance 

As shown in Fig. 4, one-half of V 23 voltage is 
physically derived in the relay at midtap of a reactor 
connected across v oltage V 23 . 

Reach of the distance unit i s  d etermined by 
compensators T A and Tc as modified by auto-trans­
former s ettings. Compensators T A and Tc are de­
signed so that its mutual imp ed ance Z A or Z c has 
known and adj ustable v alues as described below 
under CHARACTERISTICS and SETTINGS. The 
mutual impedance of a compensator is defined h ere 
as the r atio of s econdary induced v oltage to primary 
current and is equal to T. Each s ec ondary compensa­
tor voltage i s  in series with the v oltage v1T . Com­
pensator voltages are e qual to 1 . 5 I 1 ZA for long 
reach c o mpensator and 1 . 5 I 1 Zc for short reach 
compensator, where I ,  is the relay current . 

Fig. 5 shows how the compensation voltages 
1 . 5I1 ZA and 1 . 5  I 1 Zc influence the R-X circle. Note 
that Z A independently determines the "long reach " ,  
while Zc independently fixes the " short reach" .  
With the reversing links i n  the normal position ( +Zc) 
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the circle includes the o rigin; 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 R B and C B c au s e  
the polarizing voltage to be shifted g o o  in the leading 
direction. Thus ,  when the current is z ero ,  polarizing 

voltage V POL leads the operating voltage Vop by 
goo, as shown in Fig. 6( a). This relation produces 

restraining torque.  To illustrate how Z A fixes the 

long reach, assume a relay current which l e ads VIN 
by goo and of sufficient magnitude to operate the 
relay. This means the apparent impedance i::; along 
the -X axis. Note in Fig. 6(b) that the Z A compen­

sation r everses 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 i n  Fig. 6( c) 

how VPOL is reversed by the Zc compensation. In 

this cas e  the Z A 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 r ev ersed, 
the compensation becomes + 1. 51, Zc. In Fig. 6(b) 

this change would r esult in, VpoL being reduc ed 

rather increased by the compensation. As the current 

increases V POL 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 r eversed link position. 

C H A R A C T E R !  S T I  C S  

The type K LF relay is available in one range. 

D i stance U n i t  

The distance unit can be set t o  have charac­
teristic circles that p ass through origin, include it,  
or exclude it , as shown in Fig. 5 .  

The ZA and Zc values are determined by co m­

pensator settings and modified by autotransformer 

settings S, L, and R. The impedance settings in 

ohms reach c an be made for any v alue from 2.08 to 
56 ohms for ZA , and from 0.  7g ohm to 18 ohms for Zc 
in steps of 3 percent. 

The taps are marked as follows:  

2. 4, 3. 16,  4. 35,  5 .g3,  8. 3 ,  1 1. 5, 15. 8 

0 . 0 ,  o . g 1 ,  1 . 27 ,  1 .82 ,  2 .55,  3 .64,  5 . 1 

1, 2, 3 

± values b etween t aps .03 ,  . 0 6 ,  .06 

D i r e ct i o n a l  U n i t  

The K L F  relay is d esigned for potential polari· 

zation with an int ernal phase shifter, so t hat m aximum 

torqu e occurs when t he operating current leads the 

r.ru1arizing voltage by appro1imately 13 degrees. The 

minimum pickup has been set by the spring t ension to 

be approximately 1 volt and 5 amperes at maximum 

torque angle .  

U ndervoltage U n i t  

The undervoltage unit is designed t o  close its 
contacts when the voltage is lower than t he set value. 

The undervoltage unit is energized with v1T -voltage. 

This voltage is equal to 1. 5V 1N voltage.  The con­
tacts can be adjusted to clvse over the range of 65 

to 85 perc ent of norm al system voltage.  The dropout 
ratio of the unit is g3 percent or higher. 

T r i p  C i rc u i t  

The m ain contacts will safely close 3 0  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 s etting of 0. 2 or 2 amperes. To 

change taps requires con necting the lead located in 

front of the t ap block to the desired setting by means 
of a screw connection. 

T r i p  C i r c u i t  C o n stant  

Indicating Contactor Switch ( ICS) 

0 . 2  ampere t ap - 6 . 5  ohm d-e resistance 
2. 0 ampere tap - 0. 15 ohm d-e resistance 
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TYP E K L F R E LAY------------------------------------------------------------

B urden 

Current 
@ 5 amps , 60 cycles 

TA & Tc 
SETTINGS 

M AX. 
MIN. 

VA 

1 8 . 6  
3 .8 

P ot ential 

ANGLE 
OF L AG 

@ 1 20 volts,  60 c�cles 

Phase AB Phase BC 

SA = Sc 
1 
2 

3 

VA 

18 .0  
1 4 . 4  

1 3 . 9  

RATING 

1 25 
250 

T h erm a l  R a t i n g s  

ANGLE 
OF L AG VA 

-
2•  2. 6 

3 1 ° 5 . 9  

3 9 •  6 . 6  

D-C Circuit 

WATTS @ RATED 

3.9  
7 . 8  

P otential: 1 3 2  volts ( L-L) continuous 

Current : 8 amperes continuous 

200 amp eres for 1 second 

ANGLE 
OF LAG 

1 2• 
38•  

4 2• 

S E T T I N G S  C A L C U L A T I O N S  

D i st a n c e  U n i t  

Set the distance unit t o  op erat e  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 operat e at maximum hydrogen 
pressure and 0 . 9 5 per unit voltage (lowest voltage 
for which the capability curve applies). Where the 

maximum capability of the m achine cannot be realized 

without exceeding the steady-state stability limit, 

set the di stance unit to operate before the steady­
state limit is exceeded. Capability curves similar 

to Fig. 7 are obtained from the generator manufacturer. 

To determine the desired setting convert the 

capability curve of Fig. 7 to the impedance curve of 

VT 2 ,  
Fig. 8 by calculating --- where VT i s  t h e  per 

(KVA)C 

unit t erminal voltage and (KV A) c is the per unit out­

put. If the c apability curve is a circle the radius R 1 

8 

and offset C 1 of the inverse circle ( VT = 1) can be 

calculated as follow s :  

1 Cc c ::: Cc 2 - Rc
2 e ( 2) 

1 Rc R 
2 2 cc - Rc 

( 3 )  

where c 1 = distance of c apability - circle cen­
ter from origin of R-X diagram. 

R1 = radius of c ap ability circle on R-X 
diagram. 

c
c 

::: distance of power-circle c enter from 

origin. 

Rc 
::: radius of pow er circle 

e ::: offset angle 

Aft er plotting the steady-state stability limit and 

the m achine c apability curves on the R-X di agram, 

plot the relay circle between the stability limit and 

the capability curve . (Not e in Fig. 8 that the relay 
circle cannot be plotted within the 60 1t - V T = 0. 95 
curve,  since the m achine is beyond the ste ady-state 

stability limit for these condition s.)  This plot defines 
the desired reach Z A and r adius R of the relay 
circle .  Then use the following procedure to select 

t ap settings. 

where 

1000 (kv) 2 Rc Zbase = ohms 

2 base 

kv 

(kva) Rv 

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

= 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 , Z A and Z c • are :  

Z
A 

= ( ZA p e r  unit) x ( Zbase > 

Zc = (Zc per unit) x ( Zbase> = 
( 2R-Z A) x ( Zb ase) 
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where R = radius of circle in per unit. 

The t ap-plate settings are made according 
to equations : 

where: 

TS 
ZA (or Zc )  = --

1 ± M 

T = compensator t ap value . 

(5)  

S = auto-transformer primary t ap val­

ue. 

M = auto-transform er secondary t ap 
value.  

(M is a per-unit value determined by t aking 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 r aise 
the Z setting). 

The following procedure should be followed to ob­

t ain an optimum setting of the relay:  

1.  Select the lowest tap S which give a product 

of 18. 6S A greater than d esired Z A and a pro­

duct of 6 Se greater than desired Ze. 

2. Select a value of M that will most ne arly make 

it equal to: 

TS 
M = -- - 1 . 

z 
If the sign is negative,  then the M t aps are connected 
with the R lead above the L lead to r aise the setting . 

S a mp l e  C a l c ul at i o n s  

Assume that a KLF relay is t o  b e  applied t o  t he 
following m achine : 

3-phase , 60 cycles,  3600 rpm, 18 kv, rated at 
0 . 9  pf, 183 , 50 0  KVA at 45N�. 

Rc = 1400/ 1 Rv = 150/ 1 

If the recommended setting from Fig. 8 is used: 

ZA per unit = 1 . 68 

Ze per unit = 2R - ZA = 2 x 0 . 94 - 1 . 68 = 0 . 20 

2 
1000 (kv) Rc 

( 1? Zbase = 
----- = (kva)Rv 

1000 X ( 18) 
2 X 1400 

183, 500 X 150 

16.45 

ohms 

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

(3) Zc = Z c <per unit ) ( Zbase> = (0.20) ( 16.45) = 3. 29 ohms 

To set ZA = 27. 6 
st ep 1: The lowest t ap S A for 18. 5 SA greater than 

ZA = 27.6  is 2. Set SA in t ap 2. 

st ep 2:  TA near est to 27 . 6  = 13 . 8  is TA = 15.8  

2 

Set T A in 15.8 tap 

TA SA 15. 8 x 2 
Step 3: M A = --- - 1  = - 1  = 

z 27.6  

1 . 1 45 - 1  = + . 145 

Set M = + . 15 .  Place R lead in 0 ,  L lead in u pp er 
. 0 6 .  The relay s etting is now : 

TA SA 15.8  x 2 3 1 . 6  
Actual ZA = -- = = = 27. 5 

1 ± M 1 + 0 . 15 1. 15 

This is 99. '1% of the desired s etting. 

To set Zc = 3. 29 ohms: 

st ep 1 :  The lowest t ap S for 68 greater than 3. 29 is 

Sc = 1.  

set se = 1 

Step 2 :  Te nearest to 3 . 29 = 3. 29 is 3 . 6 4  

1 

Set Te in 3 . 64 tap. 

Te Se 3. 64 x 1 
step 3: Me = -- - 1 = - 1  = 1. 107 - 1  = 

Ze 3. 29 

+. 107 

Hence, the nearest M e value is + . 12. Now set 
R lead in 0 . 03 tap and L l ead in the upper . 0 6  

tap. 

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

Tc Se 3 . 64 x 1 
Then, Ze = --- = = 3. 25 ohms , or 

( 1  +Me> 1 + . 12 
98. 8% of the desired value.  

U ndervo l tage U n i t  

The undervoltage unit i s  usually set to a value 

corresponding to the minimum s afe system voltage 

for stability. This v oltage depends upon system 

constants and is usually b etween 70 and 80 p ercent. 

A higher value could be used if it is  desired to trip 

the m achine sooner upon loss of field. The under­

voltage unit is set at t he factory for 77 percent of 

system voltag e ,  or 80 volts. The d esired voltage set­

ting is computed by t aking the desired percentage 
of voltage V 1T = 

1 . 5V 1N. 
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TY P E K L F R ELAY ________________________________________________________ __ 

Note: An electrical check of this particular setting 

is outlined in this instruction leaflet, under the head­
ing "Acceptance Check". 

S E T T I N G  T H E  R E L A Y  

The type KLF relay r equires a setting for e ach 
of the two comp ensator s T A and Tc • for e ach of the 

two auto-transformers, primaries S A and Sc• and for 

the undervoltage unit .  

C o m p e n s ator (T A a n d  Tc ) 

Each set of compensator t aps 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 b etween common insert and 

tap inserts are m ad e  with a link that is held in place 
with two connector screws, one in the common and 
one in the t ap. 

A compensator tap setting is made by loosening 

the connector screw in the center. Remove the con­

nector screw in the t ap end of the link , swing the 

link around until it is in position over the ins ert for 
the desired tap setting, replace the connector screw 

to bind the link to this insert , and retighten the con­

nector s crew in the c enter. Since the link and con­

nector screws carry operating current , be sure that 

the screws are turned to bind snugly. 

Compens at or Tc r equires an additional setting 
for including or excluding the origin of R-X diagram 
from the distance unit characteristic. If the desired 

characteristic is similar to that shown on Fig. 5b , 

the links should b e  s et vertically in the + T C arrow 

direction. If a characteristic similar to that shown in 
Fig. 5c is desired, s et links horizontally in the - Tc 
arrow direction. 

Auto- Trans former  P r i mary ( S
A 

and Sc ) 

Primary tap connections are made through a 

single l ead for e ach transformer. The lead comes out 

of the tap plate through a small hole located j ust 

below the taps and is held in place on the proper t ap 
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 d esired setting,  replacing and tightening 

the connector screw. The connector should never 
make electrical contact with more than one t ap at a 

time. 

1 0  

A uto-T r a n s former  Secondary ( M
A 

and Me ) 

Secondary t ap connections are made through two 

leads identified as L and R for each transformer. 

These leads come out of the tap plate e ach through 
a small hol e ,  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 m ade are 

from -. 1 5  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 t ap plate.  

The sign is positive ( +) if the L lead is higher and 
negative (-) if the R l ead is higher. 

An M setting may be m ad e  in the following man­

ner : Remove the connector screws so that the L and R 

leads are free. D etermine from the following t able 

the desired M value and tap positions. Neither l ead 

connector should m ake electrical contact with more 
than one tap at a time. 

Tabulated Settings 

z M L Lead R L e ad 

0 . 8 7  TS + . 15 Upper . 0 6  0 

0 . 89 TS + . 1 2 Upper . 06 . 0 3  

0 . 9 2  TS + .09 Lower .06 0 

0 .94  TS + . 06 Upper .06 Lower .06 

0 . 9 7  TS + . 03 .03 0 

TS 0 0 0 

1 . 03 TS + . 03 0 . 0 3  

1 . 0 6  TS - . 06 Lower .06 Upper .06 

1. 1 TS - . 09 0 Lower . 0 6  

1 . 14 TS - . 1 2 . 0 3  Upper .06 

1 . 18 TS - . 15 0 Upper . 0 6  

Undervo l ta g e  U n i f  

The voltage unit is  calibrated to close its con­

tact when the applied voltage is reduced to 80 volts. 

The voltage unit c an be set to clos e its contacts 

from 70 volts to 90 volts by adjusting the resistor 

loc at ed next t o  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 s etting of 80 volts. 

D i re c t i o n a l  Sett i ng 

There is no setting to b e  m ade on directional 

unit. 
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t POSITION I - FOR 0 UN IT TEST 
t t  POSITION 2 - FOR Z AND V UNIT TESTS 

POS r t POS 2 t t  
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� fo ± 
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M E T E R  
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SHIFTER 

f'--_/ 

p C? 
N 
I 
• 3 

4 - 5  AMP. 
LOAD 1-il] RESET 

SWITCH 

I 
tpLOAO 

I } 3 PHASE � 120 VOLTS 

290B580 

Fig. 9 Diagram of Test Cormections for K L F  Relay 

I n d i c at i ng Contractor S w i t c h  ( I C S} 

No s etting is required on the ICS unit except 

the s election of the 0.  2 or 2. 0 ampere 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 volt d.c.  type WL rel ay 
switch, or equivalent , use the 0. 2 ampere tap. For 
48 volt d. c. applications set ICS in 2 ampere tap and 

use S1t304C209G0 1 type WL r elay coil or equivalent. 

I N S T A L L A T I O N  

The r elays should b e  mounted on switchboard 

panels or their equivalent in a location fre e  from dirt, 

moisture , excessive vibration , and heat. Mount the 

relay vertically by means of the four mounting holes 

6n the flang e 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 be utilized for grounding the relay .  The elec­

trical connections may be made directly to the termi­

nals by me ans 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 wi th a wrench. 

For detailed FT Case information refer to I .L.  

4 1-076 . 

A DJ U S TM E N T S  A N D  M A I N T E N A N C E  

The proper adjustments to insure correct opera­

tion of this r elay have b e en made at the factory. Upon 

receipt of the relay, no customer adj ustments ,  other 
than those covered under "SETTINGS," should be 
required. 

A c c e p ta n c e  C h e c k  

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

A. Distance Unit (Z) 

1. Connect the r el ay as shown in Fig. 9 with 
the switch in position 2 and the trip circuit 
de energized. 

2. Make the following tap s ettings: 

TA = 1 1 . 5  

SA = 2 

M A = - . 0 3  

Tc = 2. 55 

S c = l  
M e = - . 0 9  

1 1  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E K L F RE LAY ________________________________________________________ _ 

Tc link in middle block should be s et for +T c 
direction. 

This setting corresponds to Z A = 23.7 Z C = 2. 80 

Adjust the phase shifter for go o current l agging 

the voltage.  

3.  With the terminal voltage at  80 volt s ,  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 .  5Z A set­
ting since the voltage as applied to terminals 

4 and 5 is equivalent to 1 . 5V1N voltage,  or 

V 1N 80 1 
ZA = -- = - x -- = 23.7 ohms. 

1 1 1 . 5  2 . 25 

4. Adj ust phase shifter for go o current leading 

the voltage.  

5.  With the terminal voltage at 80 volts increase 

current until contacts just clo se.  This current 

should be within ± 3% of 1g .o  amps . ( lg , 6-
18. 4 amp s . )  This value corresponds to 1 . 5Zc 
setting for the s ame re ason as explained above. 

Contact Gap The gap between the stationary cont act 

and m oving contact with the relay in deenergized 

position should be approximately .040 '  ' .  

B .  Directional Unit Circuit (D) 

1 .  Connect the relay as shown in Fig. g ,  with 
the switch in position 1 and the trip circuit 

de energized. 

2 .  With a terminal voltage of 1 volt and 5 amp eres 

applied, turn the phase shifter to 13° (current 
lead s  voltage). The contacts should be closed. 
This is the m aximum torque position. 

3.  Raise the voltage to 1 20 volts and vary the 
phase shifter to obtain the two angles where 

the moving contact just m akes with the right 
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 cont act with the relay in 

deenergized position should be approximately 

. 0 20".  

C. Undervoltage Circuit 

1 2  

1 .  Connect the relay a s  shown i n  figure g ,  with 

switch in position 2 and the trip circuit de­
energized. 

2. D ecrease the voltage until the contacts clos e 

to the left. This value should be 80 ± 3% volts. 

D .  Reactor Check 

Apply 1 20 volts AC across terminal 6 and 7 .  
Measure voltage from t erminal 6 t o  4 and 7 to 4. 

These voltages should be equal to each other within 
± 1 volt . 

Routine Maintenance 

All contacts should be p eriodically cleaned. A 

cont act burnisher SJt18 2A8 36H0 1 is recommended for 
this purpose.  The use of abrasive m aterial for clean­

ing contact s is not recommended, b ecause of the 

danger of embedding small particles in the face of 

the soft silver and thus impairing the cont act s. 

R ep a i r  C a l i b rat i o n  

A. Auto-transformer Check 

Auto-transformers may be checked for turns ratio 

and polarity by applying a.c. voltage to terminals 4 
and 5 and following the procedure below. 

1) Set SA and Sc on t ap number 3 .  set the "R" 
leads of M A and Me all on 0 . 0  and disconnect 
the "L" l eads. Adj ust the voltage for go volts. 

Measure voltage from terminal 5 to the t ap 11:1 of 
SA' It should be 30 volts ( ±1) .  From terminal 5 

to t ap 11:2 of S A should be 60 volts.  The s ame 

procedure should be followed for t aps 1tl and 
11:2 of Sc. 

2) Set SA and Sc on 1 and adj ust the voltage at 

the relay terminals for 100 volts.  Measure volt­

age drop from terminals 5 to each of the M A and 

Me t aps.  This voltage should be equal to 100 

( ± 1) plus the sum of values between R and t ap 
being measured. Example 100 ( 1 + . 0 3  + . 0 6) = 

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 t ap plat e  settings.  

TA = 15.8 ;  Tc = 5. 1 

SA = Sc = 1 

Make M A = Me = -. 15 settings: 

"L" l ead should be connected to the "O" insert 

"R" lead should be connected to the upper ".06" 

insert. ( -. 0 3 -. 0 6 . 06 =-. 15 bet ween L & R) .  

For the most accurate c alibration 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 t he middle t ap block should b e  set 
for the +Tc direction. 

1)  Contact Gap Adj ustment 

The spring type pressure clamp holding the 

stationary contact in position should not be loosened 

to make the necessary gap adj ustments. 

With moving contact in t he opened position, i .e .  
against right stop on bridge ,  screw in stationary 

contact until both c ontacts j ust make ( use neon 

light for indication). Then screw the stationary 
contact away from the moving cont act 1- 1/3 turn 
for a contact gap of . 040 ". 

2. ) Sensitivity Adj ustment 

Using the connections of Fig. 9, apply 10 

volts a. c .  90• leading, to t erminals 4 and 5 

pass . 4 20 amperes through current circuit 

(terminals 9 and 8). The spiral spring is to 
be adj usted such that the cont acts will j ust 
close. D eenergize the relay. The moving 

contact should r eturn to open p osition 

against the right hand stop. 

C) Impedance Characteristic Check 

1) Maximum Torque Angl e 

Adjust resistor RB( mounted on the b ack of the 

relay) to m easure 8800 ohms. Applying 100 volts a. c. 

to terminals 5 and 4 and passing 5. 2 amperes, through 
the current circuit turn t he phase shifter until the 

moving contact op ens. Turn the phase shifter b ack 
(few degrees) until contacts close. Note degrees. 
Continue to turn the pl).ase shifter until contact open s ,  

then swing phase shifter back until contact closes 

ag ain. Note degrees. The m aximum torque angle 
should be ( ± 1 •) computed as follow s:  

Degrees to Close Contacts at  L eft + 
D egre es to Close Contacts at Right (6)  

2 

Adjust resistor � 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 it s contacts at 3. 1 2 - 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 c 
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 S A 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 l ags the current by 90•. Impedance 
unit should trip now at 4 . 85 - 5. 15 amperes. 

c.  Set TA = 1 1 . 5 ,  Tc = 2.55 ,  SA = 2 ,  Sc = 1, MA = 
-.03 Me = -. 09. Set voltage at 90 volts leading 
the current by 90•. Impedance unit should trip at 

2 . 6 1-2. 45 amp. Reverse current l eads . Pickup 

should be 20 . 8-22. 1 amp. 

Change S A• S c = 3. Check pickup. It should be 

6 , 95-7. 35 amp. Reverse current l eads. Pick-up 
should be now 1. 74- 1.63  amp. 

D) Directional unit (Top Unit) 

1 )  Contact Gap Adj ustment 

The spring type pressure clamp holding the 

stationary contact in position should not be loosened 
to m ake 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 j ust make. Then 
screw the stationary contact aw ay from the mov­

ing contact 3/4 of one turn for a contact gap o f  
. 22". 

2) Sensitivity Adjustment 

With reactor X having its core scre wed out by 

about 1/8 inch apply 1 . 00 volt to terminals 6 and 7. 

Observing polarities as per schematic, and 5 amp eres 

current leading the voltage by 13•, the spiral spring 
is to be adj usted such that the contacts will j ust 
close. The adj ust ment of the spring is acc omplished 
by rotating the spring adj uster which is located on 

the underside of the bridge. The spring adj uster has 
a notched periphery so that a tool m ay 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) P lug Adjustment for Reversing of Spurious Torques 

a. Set T = 0 . 0. Connect a heavy current lead from 
c 

T A center link to t erminal 8 .  

b.  Short circuit t erminals 6 and 7 .  

c .  Screw i n  both plugs a s  far a s  possible prior to 

starting the adj ustment. 

d. Apply 80 amps only momentarily, and the direc­

tional unit need not be cooled during initial rough 
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adjustm en t .  But , the directional unit should be 
cool when final adj ustment is made . 

e. When r el ay cont act closes move the left screw 

out the right hand plug until spurious torque is 
reversed. 

f. When plug adj ustm ent is completed check to see 

that there is no closing to roue when relay is 
energized with 40 amps and voltage terminals 

6 and 7 short-circuited. 

4) Maximum Torque Angle Check 

With 120 volt s and 5 amp eres applied, vary the 

phase shifter to obtain the two angle s  where 
the moving contacts just close. These two angles 

(wh ere torque reverses) should be where the 
current leads the voltage by 28 3 °  ± 4 o  an d 10 3 °  
± 1 .  Readjust the reactor X d i f  necess ary. 

E) Undervoltage Unit (Lower Unit ) 

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

1) Contact G ap Adjustment s 

a) L.H.  (Normally Closed) Contact Adj ustment 

With the m oving contact arm in the cl osed 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 m ore complete turn . 

b) R.H.  (Normally Open) Contact Adjustme nt 

With moving contact arm against the left hand 
stationary contact screw the right hand st ationary 
cont act until it just touche s the moving cont act. 
Then back the right hand contact out two-thirds 

of one turn to give 0 . 0 20 inch contact gap.  

2) Sensitivity Adjustment 

a) Apply voltage to t erminals 4 & 5. With the 
adjustable resistor, which is located at the upper 

left hand corner, set for maximum resistance ( 2500 

ohms) adj ust 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 i s  

accomplished b y  lowering resistance value until 

contacts make at 80 volts and open whe n  unit is 

energized with 8 1  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 

1 4  

d-e current through the trip circuit t o  close the con­

tacts of the ICS. This value of current should not be 

greater than the p articular ICS tap s ettings being 
used .  The indcator target should drop freely. 

G) Telephone Relay 

Energize the telephone r elay with 120 volts d-e. 
The t elephone relay should operate positively. With 

an air gap of .003"  - .004" the contacts should not 

close for appro ximately 15 cycle s  after the relay is 
de-energized. 

H) Comp ens ator Check 

Acc uracy of the mutual imped anc e T of the 

compensators is set within very close tolerances at 

factory and should not change under norm al condi­

tions. The mutual impedance of the comp ensators can 

be checked with accurate instruments by the procedure 

outlined below. 

1. Set TA on the 15.8 t ap 

Tc on the 5. 1 t ap 

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

3. Pass 10 amperes a. c .  current in t erminal 9 and 

out of terminal 8 .  

4 .  Measure t h e  compen sator voltage with an accurate 

high re sistance voltmeter ( 5000 ohms/ volt). 

5. Compens ator A-voltage should be checked be-­
tween lead L A and terminal 5. 

For T A = 15.8 the voltage measured should be 237 

volts ± 3%. 

6. Compensator C voltage should be checked between 

l ead L c and the fix ed terminal on the re sistor 

which is mounted in the rear .  

For Tc = 5. 1 ,  t h e  voltage s hould be 7 6 . 5  volts ( ± 

3%). 

7. For all other taps the compensator voltage is 

1. 5IT ( ± 3%) 

where I - relay current 
T - tap setting. 

R E N E W A L  P A R T S  

Repair w ork c an b e  done most s atisfactorily at 

the factory. However, interchange able parts can b e  

furnished t o  the customers who are e quipped for 

doing rep air work. When ordering parts, always give 

the complete nameplate data. 
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Fig. 10 Outline anc/ Drilling Plan for the Type KLF Relay in the FT4 1 Case. 
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