
Westinghouse t.L 41-342.1 A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE LCl AND LC-2 LINEAR COUPLER RELAYS 

CAUTION Before putting relays into service ,  re­
move all block ing which may have been inserted for 
the purpose  of securing the parts during shipment , 
make sure that all moving parts operate freely, inspect 
the contacts to see that they are clean and close 
properly , and operate the relay to check the s ettings 
and electrical connections. 

A P P L I C A T I O N 

LC- 1 and LC- 2 relays are used for bus differential 
protection in conjunction with Linear Couplers , which 
are "air core" mutual reactl)rs. 

The two relays can be used interchangeably for 
phase protection; dep ending upon required sensitivity. 
It  is recommended that the LC-2 be used for phase 
protection where the relay current is  less  than 200MA 
with pickup current in the primary of the L inear Cou­
plers.  Where the relay curre:1t would otherwise be 40 
to 200MA with pickup current in the Linear coupler 
p rimaries, a 19  ohm adjustable resistor S1t 185A272· 

* G21  is recommended across terminal 8 and 9 to 
reduce the relay current to a value within setting 
l imits. 

The LC-2 relay can also be used with a type HVS 
fault detecting relay, to obtain sensitive ground pro­
tection where the ground fault current i s  of consider­
ably smaller magnitudes than phase faults ,  such as 
on impedance grounded systems. 

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

The LC- 1 relay consists of an impedance match­
ing auto-transformer, main solenoid operating unit ,  
and an indicating contactor switch. The LC-2 relay 
consists of a two winding impedance matching trans­
former, a full wave diode bridge, de polar unit, an 
indicating-contactor switch (ICS), and an auxiliary 

* switch (VS) . 

Matching Transformer 

Taps 30 ,  40 ,  60 and 80 are provided to approxi­
mately match the relay and linear coupler impedance. 

S U P ERSEDES I. L .  41-342.1 
*Denotes change from preceded issue. 

Main Operating Unit (LCl) 

The main unit of the LC- 1 relay is a small solenoid 
switch with a scale calibrated in  decimal parts of an 
inch. This scale refers to the amount of free contact 
travel.  A cylindrical plunger with a silver disc  moun­
ted on its lower end moves in the core of the solenoid .  
As the plunger travels upward ,  the disc bridges three  
silver stationary contacts.  

Main Operating Unit (LC2) 

The main unit of the LC-2  is a de polar unit ,  fed 
from full wave rectifiers. It consists of a rectanglar 
shaped magnetic frame ,  an electromagnet, a perman­
ent magnet, and an armature. The poles of the cres­
cent shaped permanent magnet bridge the magnetic 
frame. The frame consists of three pieces joined in 
the rear with two brass rods and silver solder. These 
non-magnetic joints are bridged by two adj ustable 
magnetic shunts which are held in position by means 
of a spring type clamp. The relay coil is wound a­
round the center core. To this core i s  attached the 
armature and contact assembly . 

Auxiliary Switch (VS) 

Thi s i s  a small D .C. Voltage operated clapper 
type switch used to minimize the possibility of shock 
tripping. 

Indicating Contactor Switch Unit (ICS) 

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

The front spring, in addition to holding the target, 
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Fig. ]. Internal Schematic of the Type LC- 1 Relay in the 

FT1 1 Case. 

provides restraint for the armature and thus controls 
the pickup value of the switch. 

O P E R A T I O N 

As shown in figure 3, Linear Coupler protection 
is a series voltage differential system. Linear Cou­
plers must be connected in series,  rather than in para­
llel like current transformers, because the Linear 
Couplers have a very low magnetizing impedance as 
a result of the absence of iron.  Because  their mag­
netizing impedance is low, the Linear Coupler secon­
dary can be safely open-circuited. 

For external faults, the voltages induced in the 
linear couplers by currents entering the bus are bal­
anced out by the voltage induced in the linear coupler 
in the faulted circuit, where the fault current l eaves 
the bus. For the internal fault condition, current en­
tering the bus induces a voltage in the linear coupler 
circuit. This voltage is not balanced out, since the 
fault current l eaves the faulted phase through a path 
containing no linear couplers. Thus ,  a net voltage is 
induced in the s econdary circuit to cause relay 
operation. 

In the LC-2  tripping is effected by VS unit which 
is energized by the main unit. The VS is used to 
prevent tripping,  if the main unit is momentarily jar­
red clos ed. 

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

Since Linear Couplers are manufactured to a tol-
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Fig. 2. Internal Schematic of the Type LC-2 Relay in the 
FT1 1 Case. 

erance of ± 1%, application is restricted to those 
cases where the ratio of maximum external fault cur­
rent to a minimum internal fault current is 50 to 1 .  
However, the p ractice has been to apply a 2 t o  1 
safety factor which reduces the permissable ratio to 
25 to 1 .  An exception to this restriction is where the 
minimum current o ccurs for a ground fault. In  this 
case grounds can be cleared with a s eparate LC-2 
relay or r elays ,  in conjunction with an HVS relay. 

Characteristic curves are shown in figures  4, 5 
and 6 .  The use  of these curves  is described under 
"Setting Calculations".  LC-1 sensitivity is about 
0 .5  V.A. and up . The type LC-2 relay may be set to 
operate at an energy l evel ranging from . 06 2  to . 0085 
volt-amperes. It may also be used to an energy level 
as low as . 0025 V . A. with limitations which will be 
discussed.  This range of application is shown on the 
typical volt-ampere curves of Fig. 5. Typical im­
p edance curves are shown in Fig. 6. The phase angle 
of the relay is substantially constant (within 3°) at 
2 2°. 

As  indicated in Figs. 7 ,  8 and 9, the four con­
ductor cables used to connect the linear couplers and 
the relay in s eries  should be transposed with resp ect 
to all other circuits. This may be accomplished by 
using a control cable with a spiral lay to the con­
ductors. The cable may then be placed in the same 
duct run with other  circuits,  but there should not be 
other circuits in the same cable. For example ,  do not 
use four conductors of a six conductor cable,  even 
though it has spiral lay, when the two remaining con­
ductors are to be used for some other s ervice.  
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TYPE LC-1 AND LC-2 LINEAR COUPLER RELAYS _________________ I_.L_._ 4_ 1-_34_2-'.1A 
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8-D-3687 
Fig. 3. Simplified External Schematic far Linear Coupler 

Bus Protection. 

Operating Time 

LC- 1 One cycle or less above 150% of pickup 
current. 

LC- 2 1\4 to 1% cycles,  including % cycle time 
for VS. 

Trip Curcuit 

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

The indicating contactor switch has two taps  that 
provide 2 pickup setting of 0. 2 or 2 amperes. To change 
taps  requires connecting the lead located in front of 
the tap block to the desired setting by means of a 
screw connection. 

Trip Circuit Constant 

Indicating Contactor Switch ( ICS) 

0 . 2  ampere tap 6 .5  ohms d-e resistance 
2 . 0  ampere tap 0 . 15 ohms d-e resistance 

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

The following fundamental equations apply re­
ferring to Fig. 3: 

* 

600 w 0 z <l 0 w IL 
500 � 

Ill 
::E :X: 0 

400 

300 

200 

100 

CONTACT TRAVEL IN INCHES 

Curve 264689 
Fig. 4. Typical LC- 1 Characteristic Curves. 

E = lpM 

IpM IpM 
Ir = -- = Zs NZc + Z r 

Ir Zs Ir(N Zc + Zr) 
* Ip= -- = ------

M M 

where: 

(1 )  

( 2) 

(3) 

(4) 

E = Voltage induced in linear coupler secondary 

Ip = Primary current in linear coupler 

M = Mutual inpedance of l inear coupler = . 005 
ohm for 60 cycles. 

Ir = Relay current 

Z s = Impedance of Secondary Circuit 

N = Number of secondary circuit = Number o f  
linear coupler secondaries in series per phase. 

Zc = Self-impedance of linear coupler secondary. 

Zr = Relay impedance. 
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Equation ( 3) i s  used to determine the current at 
which the relay trips for an internal fault on the bus 
of magnitud e ,  Ip . Equation (4 )  is used to determine 
the primary current necessary to trip the relay when 
it has been adjusted to trip at a known value o f  relay 
current. It should be noted, however ,  that the relay 
impedance is not constant, but varies with relay cur­
rent as indicated in Figs.  4 and 6 .  Therefore, in using 
equation (3) ,  it is desirable to assum e a value  of re­
l ay impedanc e equal to the imp edance tap ,  and mak e  
a first calculation of  the relay current. When this is 
obtained ,  a new value of relay impedance should be  
selected from Fig. 4 or 6 and a second value of  rel ay 
current cal culated. U sually, it will not be necessary 
to continue the cal culation any further, as the values 
resulting from the second calculation will be suffi­
ciently accurate .  

LC-1 Relay Example 

Assume a 6 circuit bus ,  for which the Linear 
Couplers have a s elf  imp edance of Zc = 3. 7 + j8. 9  = 

9 . 64/67.4°. Three type LC- 1 rel ays are used,  one per 
phase ,  to obtain phase and ground fault prot ection. 
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Fig. 6. Typ ical L C-2 Impedance Curve (Impedance is at 
22° angle). 

The maximum external fault current is 60 , 000 amperes 
rms symmetrical. It is desired to set the relays  to 
trip on a minimum internal fault of 5000 amperes. 
However, since the Linear Coupl ers and Rel ays will 
operate over a 25/ 1 range with 2 to 1 factor of  safety , 
the relays  may as well be s et for 2400 amperes, which 
is 1/25 of 60 , 000. 

The sel f  impedance o f  the linear coupl er secon­
daries is determined first ,  as follows: 

* N Zc = 6 (3.7 +j8. 9 )  = 22 . 2 + j 53. 4 = 57.8 /67.4° 

For any given primary current, the relay r eceives 
maximum energy when its impedance Zr , is made equal 
to N Zc. This feature is utilized by m atching Zr and 
NZc as closely as possible in tho se cases where it 
is desirable to obtain the lowest possibl e minimum 
tripping current. In o ther cases, the relay impedance ,  
Zp and the total Linear Coupler self impedance NZc , 
may be deliberately mismatched in order to extend 
the range of adjustment to a higher current value.  In 
this example ,  a first trial calculation will be made  on 
an approximate basis by assuming that the relay im-
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TYPE LC-1 AND LC-2 LINEAR COUPLER RELAYS _______________ ___:I.;.:.L:.:.. · :.:.. 4 1:.:.. - 3:.:.. 4.::.:.2· ..:..;,1A..;_ 

pedance is 60 ohms ( 60 ohm tap) and that this  adds  
arithmetically to  the  57 . 8  ohms  of the Couplers (leads 
being neglected). 

Zs = 57 . 8  + 60 = 1 17 . 8  ohm approximately 

E = IpM = 2400 x . 005 = 1 2 . 0  volts 

E 1 2 . 0  
Ir = -- = ---= . 10 2  ampere, approximately 

Zs 1 17 . 8  

Reference to Figure 4 indicates that the relay can 
be set to operate at . 102 (or 0 . 100 ampere on either 
the 60 ohm or 80 ohm tap. Since  the desired value is 
near the minimum obtainable ,  choose the 60 ohm tap 
as being the closest match to the value of 57 . 8  for 
NZc, and make a s econd more accurate calibration. 
Using the 60 ohm tap and a contact travel of . 075", 
values read from the curve give a pick up current 
Ir = 0 . 100 :  Zr = 58 .3  ohms ,  and an impedance angle of 
33° for Zr· 

Zr = 58 .3 L.1:t:_ = 48 .9  + j31 . 75 

NZc= 57 . 8 / 67 . 4° = 22 . 2 + j53 .4  

Zr + NZc 7 1 . 1  + j 85. 15  

= 1 1 1 / 50 . 1 °  

E 1 2 . 0  From E q .  ( 2 ) ,  Ir =- = -- = . 108 1 ampere 
Zs 1 1 1  

This current is higher than the original assumed 
current because the calculations were more accurately 
made ,  taking into consideration the vector addition of 
Zr and NZ. Changing the contact travel to . 080" to 
obtain the pickup current, Ip = . 1 07 ,  makes an incon­
sequential change in the relay ohms ,  Zr = 59, and a 
change of approximately 0 .5  in the phase angle of the 
relay impedance . Another trial calculation is therefore 
unnecessary from a practical standpoint. 

LC-2 Relay Example 

Assume a six circuit bus has linear couplers with 
a self- impedance of Z c = 3 . 7  + j 8 . 9  = 9 . 64/67 . 4°. 
Three type LC-2 relays are used,  one per phase,  to 
obtain phase and ground fault protection. The maxi­
mum external fault current is 1 2,000 amperes rms 
symmetrical .  Since the linear couplers and relays will 
operate over a 25/ 1 range with a 2 to 1 factor of safety , 
the relays may be set for 480 amp eres ,  which is 1/25 
of 1 2 , 000 .  

The relay operates with maximum energy when its 
impedance equals the impedance of the linear coupler 

circuit , NZ c = 6(3.7 + j 89 . 9)=22. 2 + j53. 4=57 . 8LQ_7 . 4°. 
Therefore ,  choose a tap setting, Z r = 60, for the relay, 
which is an approximate match. Sinc e the phase angle 
of Zr is substantially constant ( within 3°) at 2 2° ,  
Zr = 60� = 55. 6 + j 2 2 .5. 

NZc = 2 2 . 2  + j53 .4  

Zr = 55. 6  + j 22 .5  

Zs = 77 . 8  + j 75.9 = 108 . 8  ohms 

IpM = 480 x . 005 = 2 . 4  volts 

From equation (3) 

Ip M 2 . 4 
Ir = 

Z s 
= 

1 08_8 = . 02 2 1  amperes 

This is within the recommended setting range of 
the relay as indicated in Fig. 5 .  

From Fig. 6 ,  on the 60 ohm tap,  at Ir = . 02 2 1  Zr = 

54.5�= 50 . 6  + j 20 . 4 .  

This new  value of Zr should be  used in equation 
(3). 

NZc = 2 2 . 2  + j 53. 4 

Zr = 50 . 6  + j 20 . 4  

Zs = 72 . 8  + j 73. 8 = 103. 6 ohms 

I M 2 . 4  
Ir = _L = -- = . 0 232 amperes 

Zs 103.6 

At Ir = .0232 on the 60 ohm tap ,  Fig. 6 indicates 
that Zr = 54 ohms. Since a value of Zr = 54 . 5  was 
used in the above calculation, it is not necessary to 
carry the calculation any further. 

The relay should be adjusted to trip at I = . 0 232 
amperes on the 60 ohm tap using the magnetic shunts 
at the rear of the polar element assembly. 

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

LC-1 Relay 

Set transformer tap and main unit contact travel. 
Loosen the nuts on the bottom of the assembly and 
screw the Micarta disc to the desired position as in­
dicated on the scale plate .  
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LC-2 Relay 

Set transformer tap and adjust  main unit magnetic 
shunts for required pickup current as described below . 

The sensitivity of the polar unit i s  adjusted by 
means of two screw type magnetic shunts at the rear 
of the assembly. Looking at the relay front view, 
drawing out the left-hand shunt increases the am ount 
of current required to clos e the relay contacts.  Con­
versely, drawing out the right-hand shunt decreases 
the amount of current required t o  trip the relay. The 
shunts are held securely in  position by means of a 
spring type clamp . 

There is a residual magnetism effect in this relay 
unit amounting to approximately . 00 1  ampere on the 80 
ohm tap .  For this reason it is desirable to calibrate 
the relay after first applying a polarizing current to it. 
For example ,  the relay would be adjusted to trip at 
. 0 1 0  ampere on the 80 ohm tap , and would then be 
momentarily subjected to a current of . 250 ampere, 
which is 25 times minimum pickup . The minimum trip 
current would then be checked and the relay readjusted 
to trip at . 0 1 0  ampere. After another momentarily ap­
plied polarization of . 250 ampere the minimum trip 
would be rechecked.  This process would be repeated 
back and forth until there were no change in the mini­
mum trip current of . 0 1 0  ampere after polarization. 
This manner of calibration is e specially important at 
the low values of minimum trip currents , since the 
same residual magnetism effect of approximately . 00 1  
ampere would amount to  a 20 p ercent change in  the 
minimum trip setting if the relay were set  for 5 milli­
amperes on the 80 ohm tap .  It is for this reason that 
the lower limit of the recommended range of settings 
has been s hown at . 0 1 0  amp e r e  for tap 80. The limit 
for the other taps is at the same value of voltamperes. 
On the other taps ,  the residual magnetism effect is 
equal to 

. 00 1  � 8� where T = ohms tap value.  

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 re­
lay vertically by means of the four mounting ho les on 
the flange for semi-flush mounting or by means of the 
rear mounting stud or studs for projec tion mounting. 
Either a mounting stud or the mounting screws may be 
utilized for grounding the relay .  The electrical con­
nections may be made directly to the terminals by 

means of screws for steel panel mounting or to 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 . 

ADJ 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 operation 
of this relay have been made at the factory and should 
not be disturbed after receipt by the customer. If the 
adjustments have been changed, the relay taken apart 
for rep airs , or if it is desired to check the adjustments 
at regular maintenance periods, the instructions be­
low should be followed .  

All contacts should be cleaned periodically. A 
contact burnisher Stt182A836H01  is recommended for 
this purpos e.  The use of abrasive material for clean­
ing contacts is not recommended, because of the dan­
ger of embedding small particles in the face of the 
soft silver and thus impairing the contact. 

Acceptance Tests 

The following tests are recommended when the re­
lay is received from the factory. If the relay does not 
perform as specified below ,  it either is not properly 
calibrated or it contains a defect. 

LC- 1 Main Unit 

set for 0 . 06 2  inch contact travel and 30 ohm tap .  
Apply 60 cycle voltage to  terminals 8 and 9 and mea­
sure the !39 current required to operate the main unit. 
189 = 130 ± 5% rna. 

LC-2 

Set in 30 ohm tap and apply 2 volts , 60 cycles to 
terminals 8 and 9. The main unit should operate .  Apply 
70% rated de voltage on terminals 10 and 2. Close the 

* main unit contact. VS should operate .  

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 should not be 
greater than the particular res tap setting being used. 
The indicator target should drop freely. 

Installation Test 

At the time of the initial installation ,  the polarity 
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TYPE LC-1 AND LC-2 LINEAR COUPLER RELAYS _________________ I._L_. 4_1_·3_42_.l_A_ 

of the connections should be checked .  This can be 
done by circulating a high current from a low voltage 
high current test set through the Line ar Coupler pri­
maries.  The polarity can be checked by testing the 
Linear Couplers in pairs. For example ,  if 500 amp s .  is 
passed from feeder to bus in circuit number 1 (figure 
4) and from bus to feeder in circuit number 2, then no 
voltage should be measured by a suitable low reading 
voltmeter temporarily connected in series with the 
Relay-Coupler Circuit. If, however, a reading of 5 volts 
is obtained (500 x . 005 x 2), it is an indication that 
one of the Coupler secondaries is reversed. If a zero 
reading is obtained, this check s the Couplers of cir­
cuits number 1 and 2 against each other. Circuit 2 
should then be checked against circuit 3, circuit 3 a­
gainst circuit 4 ,  and so on until all circuits are check­
ed. This should be done for each phase .  A high resis­
tance voltmeter should be  used ,  preferably one having 
a resistance of 1 000 ohms p er volt, or more . A similar 
check may be made using load currents in the circuit 
if these  are high enough to give a satisfactory voltage 
indication. 

Permanent Test Facilities 

As shown in Fig. 9 ,  the linear coupler differential 
circuit can be provided with a test scheme to check 
the bus differential circuit for major defects while the 
bus is carrying load current. Defects such as short 
circuited linear coupler.transformers, ground faults and 
open circuits in the s econdary loop , wrong polarity or 
phasing connections to the linear couplers, and severe 
steady state stray voltage effects from foreign sources 
can be revealed by the scheme. The equipment used 
in the test scheme includes three high resistance Rec­
tox type voltmeters , a one-half ohm resistor, a test 
transformer, and a test switch with three positions.  
NORMAL DIFFERENTIAL-OFF-SERIES. 

When the test switch is  in the NORMAL DIFFER­
ENTIAL position, a voltmeter is connected across each 
phase relay.  On an unfaulted s econdary circuit the 
voltmeters measure the differential voltage induced 
in the linear coupler secondary by load current in the 
bus .  Due to the tolerance of the linear couplers, the 
induced voltage may be  some low value other than 
zero. Hence ,  for each installation ,  a maximum normal 
differential load voltage should be determined and 
marked on either the voltmeters or the normal differ­
ential position of the test switch. 

In the SERIES position ,  the  test switch not only 
connects the volt-meters across the phase relays , but 
also applies a low voltage across  a one-half ohm re­
sistor in the neutral of the differential secondary cir-

cuit. On an unfaulted secondary circuit , the volt-meters 
read more than the normal differential reading or ap­
proximately half of the applied test voltage. While the 
applied test voltage is not large enough to operate 
the relays during load current flow , it may reduce the 
safety factor for relay tripping on external faults .  
Hence ,  a contact of the test switch should open the 
relay 's  trip circuit. If the trip circuit is not opened by 
this contact, the series test should not be used if the 
normal differential voltage is higher than marked. 

The periodic test procedure is to turn the test 
switch first to NORMAL DIFFERENTIAL. This con­
nects the voltmeters across the relays to measure the 
differential voltages due to load currents. If a volt­
meter reads higher than the marked maximum normal 
differential voltage , it indicates a major defect such 
as a short circuited linear coupler or a wrong connec­
tion in tlte differential circuit .  Since these defects can 
cause relay tripping on external faults ,  the relay,  or 
relays,  associated with the high voltage should be 
removed from service until the defect is corrected. If 
the voltmeter reads zero , it may be an indication of an 
open circuit in the secondary differential circuit . This 
should be checked by using the series test. 

The next step is to turn the test switch to SERIES. 
If any voltmeter reads zero , it indicates an open cir­
cuit in the coupler portion of the circuit. If the volt­
meter reads full scale ,  it indicates an open circuit in 
the relay winding. 

Routine Maintenance 

Check sensitivity by applying a voltage acro ss 
test switch contact 9 and 10 or equivalent. With switch 
in "Series  Test" position ,  (See figure 9) the applied 
voltage should equal 0 . 005 lp. where Ip is the primary 
current at desired pickup point . The relays should 
operate .  Where a portable voltmeter is used, a 5000 
ohm per volt , sensitivity is recommended. 

Calibration 

If the factory calibration has been disturbed, the 
following adjustments may be required. 

LC- 1 Relay 

The small a-c solenoid switch has adj ustments for 
pick-up and drop-out. The pick-up characteristics may 
be checked against Figure 4 which is a typical curve .  
This check should not be made ,  however, until the 
proper drop-out, or "contact follow" adjustments, has 
been made. To do this ,  connect the relay on 30 tap ,  
and pass 130 rna 60 cycles i n  terminals 8 and 9 .  See 
that the plunger is picked up. Loosen the locknut at 
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TYPE LC-1 AND LC-2 LINEAR COUPLER RELAYS-------------------

the top of the assembly, and move the core screw up 
and down by means of a screw driver. It will be ob­
served that as the core screw is raised , the plunger 
will try to rise higher until a point is reached where 
the pull of the helical spring is greater than the mag­
netic pull, at which point the plunger will drop down 
part way, although not necessarily opening the con­
tacts. This action can be observed best by looking at 
the shoulder on the plunger just above the silver disc 
assembly. The core screw should be adjusted so that 
the plunger rises the maximum amount , at the mini­
mum current given above and the lock nut tightened to 
secure this adj ustment. This gives the maximum de­
flection on the helical spring and thus maximum con­
tact pressure. 

LC-2 Relay 

1. Contacts 

Allow the armature rivet to strike the right hand 
pole face and bring up the stationary contact screw 

until the contact circuit just makes. Give the station­
ary contact screw_ an additional one-half to one turn 
before locking it in place with the lock nut provided. 
With the contacts in the closed position, bring up the 
backstop screw until it just touches the moving con­
tact. Then back off one turn and lock in place. 

2. Mini"mum Trip Current 

The sensitivity of the polar unit is adjusted by 
means of two screw type magnetic shunts at the rear 
of the assembly. Looking at the relay front view, draw­
ing out the left-hand shunt increases the amount of 
current required to close the relay contacts. Conver­
sely, drawing out the right-hand shunt decreases the 
amount of current required to trip the relay. It will 
usually be possible to set the relay to the desired 
tripping value by leaving the right-hand shunt at the 
extreme "in" position and make all the adjustments 
with left-hand shunt. The shunts are held securely in 
position by means of a spring type clamp. 

SCHEMATIC DIAGRAM OF L I N EAR COUP-ER BUS DIFFERENTIAl.. PROTECTION 

WITH SERIES DIFFERENTIAL. LOOP USING PHASE R�LAYS AND lr-JCLUD I N G  

MANUA'- TEST EQUIPMENT F O R  SUPERV I S I ON OF DI FFERENT I A L  CIRCUIT. 

10 

SWITCH POSITION 

COt.JTACT TAeULATtON 

AT Ot>JL.Y 
ON!!. PLACE 

L-----u NO 

(TSl 
SERIES �n3 H2 HI 

TEST TRAN5 (TS) El 240X 120-1.2)(0.6 VOLT5 SERIES FtT (SEE NOTE) A 
A.C. SUPPLY 1 I=TN 

L-----------------�1 : r� 

N p 

TYPE 
WL AU)(. 
TR IPPING 

RELAY 

� 
� 

7 

3 

�NO 

GNO RELAY 

NOTE: FOR A TOTAL .!US LOAD UP TO 2500 AMPS CONNECT THE. TEST TRANSF SECONDARY COILS IN PARALL EL FOR 0.<0 VOLTS 

AND USE. 0.5 VOLT RECTO)( TYPE TEST VOLTMETER_ FOR A TOTAL BU5 LOAD FROM 2500 TO 5000 AMPS., USE /.2 VOLT TEST 
TRANS. �ECOh.IOARY CONNECTIOI'J A5 SHOWN AND USE 1.0 VOLT RECTOX TYPE T EST VOLTMETER 

• I N  S""""£ CONDUIT OR DUCT AND TR,jO,N3POSED W1TH RESPECT TO ALL OTHER CIRCUITS. 

All-Btl � AI - Bl �-5 A'"' B6 
A7- B7 Cll- I I  
c:z- D I Z  

C l  

c o  • 
C7 -D"l 

El -FII 

E_l2- Fl2 
Ell- F I 
E5 · F5 
E� - F E7 - F7 
Gil "" 
GIZ-HI2 
'" - HI 
6 - H? 
4"- Ht. 
G1 - H7 

---- M,6.Kt: THIS CONNECnON FOR TYPE LC-2 li!:EL.,6.Y ONI..Y 

* Fig. 9. Schematic of Permanent Test Facilities for L inear Coupler System. 

., 
X 

X 

X 

X 

X 

X 

- r--'-

X 
X X ' 

X X 

X X X 
X X 

407C096 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om
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There is a residual magnetism effect in this relay 
unit amounting to approximately . 00 1  ampere on the 80 
ohm tap . For this reason it is desirable to calibrate 
the relay after first applying a polarizing current to 
it. For example, the relay would be adjusted to trip 
at . 0 10  ampere on the 80 ohm tap , and would then be 
momentarily subjected to a current of . 250 ampere, 
which is 25 times minimum pickup. The minimum trip 
current would then be checked and the relay adjusted 
to trip at . 0 10 ampere. After another momentarily ap­
plied polarization of . 250 ampere the minimum trip 
would be rechecked. This process would be repeated 
back and forth until there were no change in the mini­
mum trip current of . 0 10 ampere after polarization. 
This manner of calibration is especially important at 
the low values of minimum trip currents, since the 
same residual magnetism effect of approximately . 00 1 
ampere would amount to a 20 percent change in the 
minimum trip setting if the relay were set for 5 milli­
amperes on the 80 ohm tap . It is for this reason that 
the lower limit of the recommended range of settings 
has been shown at . 0 10  ampere for tap 80. The limit 
for the other taps is at the same value of voltamperes. 
It is possible, however, to set the relay down to an 
energy level of . 0025 voltamperes as indicated on 
curve of Fig. 3. On the other taps, the residual mag­
netism effect is equal to 

. 00 1  \]1¥ where T = ohms tap value. 

3. Au xi I iary Switch (VS) 

The auxiliary switch (VS) should have a contact 

gap 0. 047 ± . 8i
0
6 inch between the bridging contact 

and the adjustable stationary contacts. The moving 
contacts should touch both stationary contacts simul­
taneously. 

The unit should pick-up with 60% of rated voltage 
applied to the series connected switch and resistor. 

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 ICS. This value of current should be not 
greater than the particular ICS tap setting being used. 
The operation indicator target should drop freely. 

The contact gap should be approximately . 047" 
between the bridging moving contacts and the adjust­
able stationary contacts. The bridging moving contact 
should touch both stationary contacts simultaneously. 

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

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

3 

Fig. 10. Type L C- 1 Relay- 1. Impedance Transformer Taps. 2. Solenoid Operating Unit. 3. Indicating Contactor Switch (/CS). 
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Fig. 1 1  Type L C-2 (Front View) - 1. Impedance Transformer Taps. 2. P olar Unit. 3. Auxiliary Contactor Switch ( VS). 
4. Indicating Contactor Switch (ICS). 
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Fig. 12. Outline and Drilling Plan for the Type L C- 1  and L C-2 Relay in F T 1 1 Case. 
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Westinghouse I . L .  41-342.1 A 

INSTALL A Tl ON • OPERATION • MAINTENANCE 

I STRUCTIONS 
TYPE LCl AND LC-2 LINEAR COUPLER BELAYS 

CAUTION Before putting relays into service, re­
move all blocking which may have been inserted for 
the purpose of securing the p arts during shipment, 
make sure that all moving parts operate freely, inspect 
the contacts to see that they are clean and close 
properly, and operate the relay to check the settings 
and electrical connections. 

A P P L I C A T I O N 

LC- 1 and LC- 2 relays are used for bus differential 
protection in conjunction with Linear Couplers, which 
are "air core" mutual reactors. 

The two relays can be used interchangeably for 
phase protection; depending upon required sensitivity. 
It is recommended that the LC-2 be used for phase 
protection where the relay current is less than 200MA 
with pickup current in the primary of the Linear Cou­
plers. Where the relay curre:1t would otherwise be 40 
to 200MA with pickup current in the Linear Coupler 
primaries, a 19 ohm adjustable resistor S#185A272-

* G21  is recommended across terminal 8 and 9 to 
reduce the relay current to a value within setting 
limits. 

The LC-2 relay can also be used with a type HVS 
fault detecting relay, to obtain sensitive ground pro­
tection where the ground fault current is of consider­
ably smaller magnitudes than phase faults, such as 
on impedance grounded systems. 

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

The LC- 1 relay consists of an impedance match­
ing auto-transformer, main solenoid operating unit, 
and an indicating contactor switch. The LC-2 relay 
consists of a two winding impedance matching trans­
former, a full wave diode bridge, de polar unit, an 
indicating-contactor switch (ICS), and an auxiliary 

* switch (VS). 

Matching Transformer 

Taps 30 , 40 , 60 and 80 are provided to approxi­
mately match the relay and linear coupler impedance. 

SUPERSEDES I. L .  41-342.1 
*Denotes change from preceded issue. 

Main Operating Unit (LCl) 

The main unit of the LC- 1 relay is a small solenoid 
switch with a scale calibrated in decimal parts of an 
inch. This scale refers to the amount of free contact 
travel . A cylindri cal plunger with a silver disc  moun­
ted on its lower end moves in the core of the solenoid. 
As the plunger travels upward, the disc bridges three 
silver stationary contacts .  

Main Operating Unit (LC2) 

The main unit of the LC-2 is a de polar unit, fed 
from full wave rectifiers.  It consists of a rectanglar 
shaped magnetic frame, an electromagnet, a perman­
ent magnet, and an armature. The poles of the cres­
cent shaped permanent magnet bridge the magnetic 
frame. The frame consists of three pieces joined in 
the rear with two brass rods  and silver solder. These 
non-magnetic joints are bridged by two adjustable 
magnetic shunts which are held in position by means 
of a spring type clamp. The relay coil is wound a­
round the center core. To this core is  attached the 
armature and contact assembly. 

Auxiliary Switch (VS) 

This i s  a small D . C. Voltage operated clapper 
type switch used to minimize the possibility of shock 
tripping. 

Indicating Contactor Switch Unit (ICS) 

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

The front spring, in addition to holding the target, 
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TYPE LC-1 AND LC-2 LINEAR COUPLER RELAYS ----------------------------------

IUICUII& COlT ACTOR 
RITCII-----"-J 

IMTUIIAL SCIIEIIATIC 

FROIIT VI(� 

rt--+---+-- CHASSIS OPERATED 

StiORTING SIIIITCH 

RED HANDLE 

TEST SWITCH 

CURRENT TEST JACK 
TERMINAL 

57-D-7918 
Fig. ]. In ternal Schematic of the Type LC- 1 Relay in the 

FT1 1 Case. 

provides restraint for the armature and thus controls 
the pickup value of the switch. 

O P E R A T I O N 

As shown in figure 3, Linear Coupler protection 
is a series voltage differential system . Linear Cou­
plers must be connected in series, rather than in para­
llel like current transformers, because the Linear 
Couplers have a very low magnetizing impedance as 
a result of the absence of iron .  Because their mag­
netizing impedance is low, the Linear Coupler secon­
dary can be safely open-circuited. 

For external faults, the voltages induced in the 
linear couplers by currents entering the bus are bal­
anced out by the voltage induced in the linear coupler 
in the faulted circuit, where the fault current leaves 
the bus. For the internal fault condition, current en­
tering the bus induces a voltage in the linear coupler 
circuit. This voltage is not balanced out, since the 
fault current leaves the faulted phase through a path 
containing no linear couplers. Thus, a net voltage is 
induced in  the secondary circuit to cause relay 
operation. 

2 

In the LC-2 tripping is effected by VS unit which 
is energized by the main unit. The VS is used to 
prevent tripping,  if the main unit is momentarily jar­
red closed. 

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

Since Linear Couplers are manufactured to a tal-

•••cn .. a 
COITACTOI 
r.t� MAIO F.Y.) 

7118-... , ••• c. 
2000Qoo125 V.D.C. 
'10001)-250 •••• c. 

INTERNAL SCHI:MATIC 

POUR UIIIT 

TUT SWITCII 
CUIIEIT nST JACI 
TEBIIIAL 

Fig. 2. Internal Schematic of the Type LC-2 Relay in the 
F TJ 1 Case. 

erance of ± 1%. application is restricted to those 
cases where the ratio of maximum external fault cur­
rent to a minimum internal fault current is 50 to 1 .  
However, the practice has been to apply a 2 to 1 
safety factor which reduces the permissable ratio to 
25 to 1 .  An exception to this restriction is where the 
minimum current occurs for a ground fault. In this 
case grounds can be cleared with a separate LC-2 
relay or relays, in conjunction with an HVS relay. 

Characteristic curves are shown in figures 4, 5 
and 6 .  The use of these curves is described under 
"Setting  Calculations". LC-1 sensitivity is about 
0 .5  V .A .  and up. The type LC-2 relay may be set to 
operate at an energy level ranging from .06 2  to . 0085 
volt-amperes. It may also be used to an energy level 
as low as . 0025 V .A .  with limitations which will be 
discussed. This range of application is shown on the 
typical volt-ampere curves of Fig. 5. Typical im ­
pedance curves are shown in Fig. 6. The phase angle 
of the relay is substantially constant (within 3°) at 
2 2°. 

As indicated in Figs. 7,  8 and 9 ,  the four con­
ductor cables used to connect the linear couplers and 
the relay in series should be transposed with respect 
to all other circuits. This may be accomplished by 
using a control cable with a spiral lay to the con­
ductors. The cable may then be placed in the same 
duct run with other circuits, but there should not be 
other circuits in the same cable. For example, do not 
use four conductors of a six conductor cable , even 
though it has spiral lay, when the two remaining con­
ductors are to be used for some other service. 
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TYPE LC-1 AND LC-2 LINEAR COUPLER RELAYS ______ _ _ _ ________ I_.L_._ 4_ 1-_34..;;:.2�.1A 

N CIRCUIT No. 
-----Bus 

LINEAR 
CouPLERS 

-+---LINEAR CouPLER 
._-4o..,....."Y'<l.J....-_J RElAy 
b 

GROUND THe SecoNDARY C'tRCutr Ar "a" oR "b'; Bvr 
Nor AT BorH LoCATIONS. 

TEsr SwtrcH A r "h •. 

8-D-3687 
Fig. 3. Simpl ified External Schematic for L inear Coupler 

Bus Protection. 

Operating Time 

LC- 1 One cycle or less above 150% of  pickup 
current. 

LC-2 1% to 1% cycl es ,  including % cycle time 
for VS. 

Trip Curcuit 

The main contacts will safely close  30 amperes 
at 250 volts d-e and the seal-in contacts o f  the indi­
cating contactor switch will safely carry this current 
long enough to trip a circuit break er. 

The indicating contactor switch has two taps  that 
provide 2 pickup setting of 0. 2 or 2 amperes. To change 
tap s  requires connecting the lead located in front of 
the tap block to the desired s etting by means of a 
screw connection. 

Trip Circuit Constant 

Indicating Contactor Switch (ICS) 

0.2 ampere tap 6 .5  ohms d- e resistance 
2 .0  ampere tap 0 . 15  ohms d-e resi stance 

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

The following fundamental equations apply re­
ferring to Fig. 3: 

* 

0.. :::> "" l) ii: 
(/) 0.. 
:::;: <>: 
:::i ...J :E 

600 w l) z <>: 0 w 0.. 
500 � 

(/) 
:::;: :I: 0 

400 

300 

200 

100 20 

0 .100 
CONTACT TRAVEL IN INCHES 

Curve 264689 
Fig. 4. Typical LC- 1 Characteristic Curves. 

E = lpM 

IpM IpM 
Ir =-- = Zs NZc + Zr 

Ir Zs Ir (NZc + Zr) 
* Ip= -- = -----

M M 

where: 

( 1 )  

( 2) 

(3) 

( 4) 

E = Voltage induced in linear coupler secondary 

lp = Primary current in linear coupler 

M =Mutual inpedance  of  linear coupler = . 005 
o hm for 60 cycles. 

Ir = Relay current 

Zs = Impedance of Secondary Circuit 

N = Numbet of secondary circuit = Number o f  
linear coupl er secondaries in series  p er phase. 

Zc = Self-impedance of linear coupler secondary. 

Zr = Relay impedance. 
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TYPE LC-1 AND LC-2 LINEAR COUPLER RELAYS __________________ _ 
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CURRENT IN RELAY ( Nl  LLIANPERES) 763A488 
Fig. 5. Typical L C-2 Volt-ampere Curve. 

Equation (3) i s  used to determine the current at 
which the rel ay trips for an internal fault on the bus 
of magnitude ,  Ip . Equation ( 4 )  i s  used to determine 
the primary current necessary to trip the relay when 
it  has been adjusted to trip at a known value of relay 
current. It should be  noted, however, that the relay 
impedance  is  not constant, but varies with relay cur­
rent as indicated in Figs. 4 and 6. Therefore, in using 
equation (3), it  i s  desirable to assume a value  of  re­
l ay impedance equal to the impedance tap ,  and mak e  
a first calculation o f  the relay current. When this is 
obtained, a new value of relay impedance should be  
selected from Fig. 4 o r  6 and a second value of relay 
current cal culated. Usually, it will not be necessary 
to continue the cal culation any further, as the values 
resulting from the s econd cal culation will be suffi­
ciently accurate. 

L C-1 Rei ay Exam pi e 

Assume a 6 circuit bus, for which the Linear 
Coupl ers have a s elf impedance of Zc = 3. 7 + j8 .9  = 

9.64/67. 4°. Three type  LC- 1 rel ays are used,  one per 
phase, to obtain phase and ground fault protection. 

4 

liD 

150 

140 

llD 

110 

1 10  \ 
'" \ \ 
" \ 
" \ \ \ \ � '\ � " 1\ .... 

� " \ \ .............. � "" \ '\ r-� "'-- 80 .Jl TAP -r-
!! " 1--r-...,J, I I I " \ \ - lol rlP � -r-" t-1--. .  I I I"--.... -� ir- 40.A. TAP 

3 0  r-- I I I -r-.._ - 30 .A. TAP _,___ " 
10 

0 II .. .. 40 10 .. TO .. .. ... 
RELAY CURRENT ( MILLIAMPERES) 763A489 

Fig. 6. Typical L C-2 Impedance Curve (Impedance is at 
22° angle). 

The maximum external fault current is 60, 000 amp eres 
rms symmetrical .  It is desired to set the relays to 
trip on a minimum internal fault of 5000 amperes. 
However, since the L inear Couplers and Relays will  
operate over a 25/ 1 range with 2 to 1 factor of safety , 
the relays  may as well be set for 2400 amperes,  which 
is  1/25 of 60, 000. 

The self  impedance of the linear coupler secon­
daries  is  determined first, as follows: 

* NZc = 6 (3.7 + j8. 9 )  = 2 2 . 2  + j53. 4 = 57. 8 /67.4° 

For any given primary current, the relay receives 
maximum energy when its impedance Zr , is made equal 
to NZc. This feature is utilized by matching Zr and 
NZc as closely as possible in those cases where it 
is desirabl e to obtain the lowest possible minimum 
tripping current. In  other cases, the relay impedance, 
Zp and the total Linear Coupler self impedance NZc , 
may be deliberately mismatched in order to extend 
the range of adjustment to a higher current value. In 
this example ,  a first trial calculation will be made on 
an approximate basis by assuming that the relay im-
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TYPE L C-1 AND L C-2 L I NEAR COUPLER RELAYS _________________ I .L_ ._4_1 -_34 _2_.1_A 

pedance is 60 ohms (60 ohm tap )  and that this  adds  
arithmetically to  the 57. 8  ohms of  the Couplers (leads 
being neglected) .  

Zs = 57. 8  + 60 = 1 17 . 8  ohm approximately 

E = lpM = 2400 x . 005 = 1 2 . 0  volts 

E 1 2 . 0  
Ir = -- = ---= . 102  ampere, appro ximately 

Zs 1 17 .8 

Reference to Figure 4 indicates that the relay can 
be set to operate at . 102  (or 0 . 100 ampere on either 
the 60 ohm or 80 ohm tap .  Since the desired value is 
near the minimum obtainable, choose the 60 ohm tap 
as being the closest match to the value of 57. 8  for 
NZc, and make a second more accurate calibration. 
Using the 60 ohm tap and a contact travel of . 075" , 
values read from the curve give a pick up current 
Ir = 0. 1 00: Zr = 58 .3 ohms , and an impedance angle of 
33o for Zr· 

Zr = 58 .3� = 48 .9  + j3 1 . 75 

NZc = 57. 8 / 67.4° = 2 2 . 2  + j53.4 

Zr + NZc 71 . 1  + j85. 1 5  

= 1 1 1 / 50 . 1 °  

E 1 2 . 0  From Eq. (2) ,  Ir = Zs 
= lll = . 108 1 ampere 

This current is higher than the original assumed 
current because the calculations were more accurately 
made, taking into consideration the vector addition of 
Zr and NZ. Changing the contact travel to . 080" to 
obtain the pickup current, lp = . 1  07, makes an incon­
sequential change in the relay ohms ,  Zr = 59, and a 
change of approximately 0 . 5  in the phase angle of the 
relay impedance. Another trial calculation is therefore 
unnecessary from a practical standpoint. 

L C-2 Relay Example 

Assume a six circuit bus has linear couplers with 
a self-impedance of Z c = 3. 7 + j8 . 9  = 9 . 64/67. 4°. 
Three type LC-2 relays are used , one per phase, to 
obtain phase and ground fault protection. The maxi­
mum external fault current is 1 2 , 000 amperes rms 
symmetrical. Since the linear couplers and relays will 
operate over a 25/ 1 range with a 2 to 1 factor of safety,  
the relays may be set for 480 amperes ,  which is 1/25 
of 1 2 , 000.  

The relay operates with maximum energy when its 
impedance equals the impedance of the linear coupler 

circuit, NZ c = 6(3. 7 + j 89.  9 )  = 2 2 . 2  + j53 . 4  =57. 8 LQ_'l. 4°. 
Therefore , choose a tap setting, Z r = 60, for the relay, 
which is an approximate match. Since the phase angle 
of Zr is substantially constant (within 3°) at 2 2° ,  
Zr = 60�= 55. 6 + j2 2 .5. 

NZc = 2 2 . 2  + j53 .4  

Zr = 55. 6  + j2 2 .5  

Zs = 77.8 + j75. 9 = 108 . 8  ohms 

lpM = 480 x . 005 = 2.4 volts 

From equation (3) 

IpM 2 . 4  
Ir = Z s 

= 
108 . 8 

= . 0 22 1  amperes 

This is within the recommended setting range of  
the relay as  indicated in Fig. 5. 

From Fig. 6, on the 60 ohm tap, at Ir = . 0 2 2 1  Zr = 

54 .5�= 50. 6  + j20 . 4 .  

This new value of Zr should be  used i n  equation 
(3). 

NZc = 22 . 2  + j53.4 

Zr = 50. 6 + j20 .4  

Zs = 72 .8  + j73.8  = 1 03. 6 ohms 

I M 2 . 4  
Ir = _!)__ = -- = . 0 232 amperes 

Zs 103. 6 

At Ir = . 0232 on the 60 ohm tap ,  Fig. 6 indicates 
that Zr = 54 ohms. Since a value of Zr = 54 .5  was 
used in the above calculation ,  it is not necessary to 
carry the calculation any further. 

The relay should be adjusted to trip at I = . 0 232 
amperes on the 60 ohm tap using the magnetic shunts 
at the rear of the polar element assembly. 

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

L C-1 Relay 

Set transformer tap and main unit contact travel. 
Loosen the nuts on the bottom of the assembly and 
screw the Micarta disc to the desired position as in­
dicated on the scale plate. 
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TYPE LC-1 AND LC-2 LINEAR COUPLER RELAYS ________________ I_.L _._.c1_- 3_.c _2._1 A_ 

LC-2 Relay 

Set transformer tap and adjust main unit magnetic 
shunts for required pickup current as described below. 

The sensitivity of the polar unit is adjusted by 
means of two screw type magnetic shunts at the rear 
of the assembly. Looking at the relay front view, 
drawing out the left-hand shunt increases the amount 
of current required to close the relay contacts . Con­
versely, drawing out the right-hand shunt decreases 
the amount of current required t o  trip the relay. The 
shunts are held securely in  position by means of a 
spring type clamp . 

There is a residual magnetism effect in this relay 
unit amounting to approximately . 00 1  ampere on the 80 
ohm tap . For this reason it is desirable to calibrate 
the relay after first applying a polarizing current to it. 
For example ,  the relay would be adjusted to trip at 
. 0 10 ampere on the 80 ohm tap , and would then be 
momentarily subjected to a current of . 250 ampere, 
which is 25 times minimum pickup. The minimum trip 
current would then be checked and the relay readjusted 
to trip at . 0 1 0  ampere. After another momentarily ap­
plied polarization of . 250 ampere the minimum trip 
would be rechecked.  This process would be repeated 
back and forth until there were n o  change in the mini­
mum trip current of . 0 1 0  ampere after polarization. 
This manner of calibration is especially important at 
the low values of minimum trip currents , since the 
same residual magnetism effect of approximately . 00 1 
ampere would amount to a 20 percent change in the 
minimum trip setting if the relay were s et for 5 milli­
amperes on the 80 ohm tap . It is for this reason that 
the lower limit of the recommended range of settings 
has been shown at . 0 1 0  amp e re for tap 80 .  The limit 
for the other taps is at the same value of voltamperes .  
On the other taps ,  the residual magnetism effect is 
equal to 

. 0 0 1  � 8� where T = ohms tap value.  

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 re­
lay vertically by means of the four mounting holes on 
the flange for semi-flush mounting or by means of the 
rear mounting stud or studs for projection mounting . 
Either a mounting stud or the mounting screws may be 
utilized for grounding the relay. The electrical con­
nections may be made directly to the terminals by 

means of screws for steel panel mounting or to 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 operation 
of this relay have been made  at the factory and should 
not be disturbed after receipt by the customer. If the 
adjustments have been changed, the relay taken apart 
for repairs , or if it is desired to check the adjustments 
at regular maintenance p eriods ,  the instructions be­
low should be followed .  

All contacts should be cleaned periodically. A 
contact burnisher S#182A836H0 1 is recommended for 
this purpose.  The use of abrasive material for clean­
ing contacts is not recommended, because of the dan­
ger of embedding small particles in the face of the 
soft silver and thus impairing the contact. 

Acceptance Tests 

The following tests are recommended when the re­
lay is received from the factory. If the relay does not 
p erform as specified below, it either is not properly 
calibrated or it contains a defect. 

LC- 1 Main Unit 

Set for 0 .062  inch contact travel and 30 ohm tap . 
Apply 60 cycle voltage to terminals 8 and 9 and mea­
sure the l39 current required to operate the main unit. 
189 = 130 ± 5% rna. 

LC-2 

Set in 30 ohm tap and apply 2 volts , 60 cycles to 
terminals 8 and 9. The main unit should operate. Apply 
70% rated de voltage on terminals 10 and 2. Close the 

* main unit contact. VS should operate.  

Indicating Contactor Switch (ICS) 

Clos e 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 should not be 
greater than the particular res tap setting being used. 
The indicator target should drop freely. 

Installation Test 

At the time of the initial installation, the polarity 
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TYPE LC-1 AND LC-2 LINEAR COUPLER RELAYS ________________ _:.:•·:..::L.:_ • ..:..:4 1-=-3:..:.42=.·.:..:1A:_ 

of the connections should be checked .  This can be 
done by circulating a high current from a low voltage 
high current test set through the Linear Coupler pri­
maries .  The polarity can be checked by testing the 
Linear Couplers in pairs . For example ,  if 500 amp s.  is 
passed from feeder to bus in circuit number 1 (figure 
4) and from bus to feeder in circuit number 2 , then no 
voltage should be measured by a suitable low reading 
voltmeter temporarily connected in series with the 
Relay-Coupler Circuit. If, however, a reading of 5 volts 
is obtained (500 x . 005 x 2 ) ,  it is an indication that 
one of the Coupler s econdaries is reversed. If a zero 
reading is obtained, this checks the Couplers of cir­
cuits number 1 and 2 against each other. Circuit 2 
should then be checked against circuit 3, circuit 3 a­
gainst circuit 4, and so on until all circuits are check­
ed. This should be done for each phase.  A high resis­
tance voltmeter should be used,  preferably one having 
a resistance of 1 000 ohms per volt , or more. A similar 
check may be made using load currents in the circuit 
if these  are high enough to give a satisfactory voltage 
indication. 

Permanent Test Facil it ies 

As shown in Fig. 9 ,  the linear coupler differential 
circuit can be provided with a test scheme to check 
the bus differential circuit for major d efects while the 
bus is carrying load current. Defects such as short 
circuited linear coupler.transformers, ground faults and 
open circuits in the s econdary loop , wrong polarity or 
phasing connections to the linear couplers, and severe 
steady state stray voltage effects from foreign sources 
can be revealed by the scheme. The equipment used 
in the test scheme includes three high resistance Rec­
tox type voltmeters,  a one-half ohm resistor, a test 
transformer, and a test switch with three positions .  
NORMAL DIFFERENTIAL-OFF-SERIES. 

When the test switch is in the NORMAL DIFFER­
ENTIAL position ,  a voltmeter is connected across each 
phase relay .  On an unfaulted s econdary circuit the 
voltmeters measure the differential voltage induced 
in the linear coupler secondary by load current in the 
bus . Due to the tolerance of the linear couplers , the 
induced voltage may be  some low value other than 
zero .  Hence, for each installation ,  a maximum normal 
differential load voltage should be determined and 
marked on either the voltmeters or the normal differ­
ential position of the test switch. 

In the SERIES position ,  the test switch not only 
connects the volt-meters across the phase relays , but 
also applies a low voltage across a one-half ohm re­
sistor in the neutral of the differential secondary cir-

cuit. On an unfaulted secondary circuit, the volt-meters 
read more than the normal differential reading or ap­
proximately half of the applied test voltage. While the 
applied test voltage is  not large enough to operate 
the relays during load current flow, it may reduce the 
safety factor for relay tripping on external faults. 
Henc e ,  a contact of the test switch should open the 
relay ' s  trip circuit. If the trip circuit is not opened by 
this contact, the series  test should not be used if the 
normal differential voltage is  higher than marked. 

The periodic test procedure is to turn the test 
switch first to NORMAL DIFFERENTIAL. This con­
nects the voltmeters across the relays to measure the 
differential voltages due to load currents . If a volt­
meter reads higher than the marked maximum normal 
differential voltage ,  it indicates a major defect such 
as a short circuited linear coupler or a wrong connec­
tion in the differential circuit. Since these defects can 
cause relay tripping on external faults ,  the relay, or 
relays ,  associated with the high voltage should be 
removed from service until the defect is corrected. If 
the voltmeter reads zero , it may be an indication of an 
open circuit in the secondary differential circuit. This 
should be checked by using the series test. 

The next step is to turn the test switch to SERIES. 
If any voltmeter reads zero , it indicates an open cir­
cuit in the coupler portion of the circuit. If the volt­
meter reads full scale ,  it indicates an open circuit in 
the relay winding. 

Routine Ma intenance 

Check sensitivity by applying a voltage acro ss 
test switch contact 9 and 10 or equivalent. With switch 
in "Series Test " position,  (See figure 9) the applied 
voltage should equal 0 . 005 Ip, where Ip is the primary 
current at desired pickup point. The relays should 
operate .  Where a portable voltmeter is used, a 5000 
ohm per volt, sensitivity is recommended. 

Calibrati on 

If the factory calibration has been disturbed,  the 
following adjustments may be required. 

LC- 1 Relay 

The small a-c solenoid switch has adjustments for 
pick-up and drop-out. The pick-up characteristics may 
be checked against Figure 4 which is a typical curve.  
This check should not be made ,  however,  until the 
proper drop-out, or "contact follow" adjustments, has 
been made.  To do this ,  connect the relay on 30 tap ,  
and pass 130 rn a  6 0  cycles i n  terminals 8 and 9 .  See 
that the plunger is picked up. Loosen the locknut at 
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TYPE LC-1 AND LC-2 LI NEAR COUPLER RELAYS-------------------

the top of the assembly, and move the core screw up 
and down by means of a screw driver. It will be ob­
served that as the core screw is raised ,  the plunger 
will try to rise higher until a point is reached where 
the pull of the helical spring is greater than the mag­
netic pull , at which point the plunger will drop down 
part way, although not necessarily opening the con­
tacts. This action can be observed best by looking at 
the shoulder on the plunger just above the silver disc 
assembly. The core screw should be adjusted so that 
the plunger rises the maximum amount, at the mini­
mum current given above and the lock nut tightened to 
secure this adjustment. This gives the maximum de­
flection on the helical spring and thus maximum con­
tact pressure. 

LC-2 Relay 

1 .  Contacts 

Allow the armature rivet to strike the right hand 
pole face and bring up the stationary contact screw 

until the contact circuit just makes. Give the station­
ary contact screw. an additional one-half to one turn 
before locking it in place with the lock nut provided. 
With the contacts in the closed position ,  bring up the 
backstop screw until it just touches the moving con­
tact. Then back off one turn and lock in place. 

2. Minimum Trip Current 

The sensitivity of the polar unit is adjusted by 
means of  two screw type magnetic shunts at  the rear 
of the assembly. Looking at the relay front view, draw­
ing out the left-hand shunt increases the amount of 
current required to close the relay contacts. Conver­
sely, drawing out the right-hand shunt decreases the 
amount of current required to trip the relay. It will 
usually be possible to set the relay to the desired 
tripping value by leaving the right-hand shunt at the 
extreme "in" position and make all the adjustments 
with left-hand shunt. The shunts are held securely in 
position by means of a spring type clamp. 
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TYPE LC-1 AND LC-2 LINEAR COUPLER RELAYS _________________ I.L_._4_1 ·_34_2._1 A_ 

There is a residual magnetism effect in this relay 

unit amounting to approximately . 00 1 ampere on the 80 
o h m  tap . For this reason i t  is desirable to c alibrate 

the relay after first applying a polarizing current to 

it. For exampl e ,  the relay would be adj usted to trip 

at . 0 1 0  amp ere on the 80 ohm tap, and would then be 

momentarily subj ected to a current of .250 ampere,  

which is 25 times minimum pickup. The minimum trip 

current would then be checked and the relay adjusted 

to trip at .010  ampere. After another momentarily ap­

plied polarization o f  . 250 ampere the minimum trip 

would be rechecked. This process would be repeated 

back and forth until there w ere no change in the mini­

mum trip current of . 0 1 0  ampere after polarization. 

This manner o f  calibration is especially important at 

the low values of minimum trip currents, since the 

same residual magnetism effect of approximately . 00 1  
ampere would amount to a 2 0  p ercent change in the 

minimum trip setting if the relay w ere set fo r 5 milli­

amp eres on the 80 ohm tap . It is for this reason that 

the lower limit of the recommended range of settings 

has been shown at . 0 10  ampere for tap 80.  The limit 

for the other taps is at the same value of voltamp eres. 

It is possible, how ever, to s et the relay down to an 

energy level of . 0025 voltamperes as indicated on 

curve of Fig .  3. On the other tap s ,  the re sidual mag­

netism effect is equal to 

. 00 1  \j1% where T = ohms tap value. 

3 .  Auxi l i ary Switch (VS) 

The auxiliary switch ( VS) should have a contact 

gap 0 . 047 ± .8i� inch between the bridging contact 

and the adj ustable stationary contacts. The moving 

contacts should touch both stationary contacts simul­

taneously. 

The unit should pick-up with 60% of rated voltage 

applied to the series connected switch and resistor. 

Indicating Contactor Switch (ICS) 

Close the main relay contacts and pass sufficient 

d-e current through the trip circuit to clo se the con­

tacts of the ICS. This value of current should be not 

greater than the particular ICS tap setting being used. 

The operation indicator target should drop freely. 

The contact gap should be approximately . 047" 
between the bridging moving contacts and the adj ust­

able stationary contacts. The bridging moving contact 

should touch both stationary contacts simultaneously. 

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

Repair work can be done most s atisfactorily at the 

factory. How ever, interchangeable p arts can be fur­

nished to the customers who are equipped for doing 

repair work . When ordering parts, always give the 

complete nameplate data. 

3 

Fig. 10. Type L C- 1  Relay- 1 .  Impedance Transformer Taps. 2. Solenoid Operating Unit. 3. I ndicating Contactor Switch (ICS). 
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Fig. 7 1  Type L C-2 (Front View) - 1. Impedance Transformer Taps. 2 .  P olar Unit. 3. Auxiliary Contactor Switch ( VS). 
4. Indicating Contactor Switch (ICS). 
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TYPE LC-1 AND LC-2 LINEAR COUPLER RELAYS ___________________ I..:..:. L:..:..· ...:... 4 1�-3:_:_ 42:.:·.:.:.:..1A 

TERM IIIAL AIID 
�TIIG -DETAILS 

• 190-32 SCREW 

5 
- Ill SC REW 
I& ( FOil TM I CK 

PAIIEL USE 
� I ll miD) 
16 

• 190-32 SCII£W 

9 
Ts 

I :� .·.·l£ i ]) t A.II IIOLES FOil !:..•- I . , .... ,. im. �<�m 

�--).---+-_____....:_ ---r t T 
-l .... 

I'AIIEL CUlOUT & DltflLI18 
Fit SOU-FLUSH NT&. 

• 

PILOT PLATE SN�P} 
ON F\ELA.Y (TAf> WHEN USED 
ro REA.�) 

14----"'"...-------- s � --�-.. 
8 

�,_....., ____ 2 !.! 

PAll EL Dtt LLIH Olt Cti10UT FOil 
PltOJEeTIOit NT&. 

( FIIOIIT Y I EW) 

& .. 

57-D-7900 
�------------------------------------------------------------------� 

Fig. 12. Outline and Drilling Plan for the Type L C- 1 and L C-2 Relay in FT1 1 Case. 

1 3  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



·""""'· 

WESTINGHOUSE ELECTRIC CORPORATION 
RELAY-INSTRUMENT DIVISION NEWARK, N. J. 

Printed in U.S.A. www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Westinghouse I . L. 4 1 -342. 1 C  

I N S T A L L A TI O N  • OPE R A T I O N  • M A I N T E N A N C E 

I N S T R U C T I O N S  
TYPE LCI AND LC-2 LINEAR COUPLER RELAYS 

CAUTION Before putting relays into service ,  re­
move all blocking which may have been inserted for 
the purpose of securing the parts during shipment , 
mak e  sure that all moving part s operate freely , inspect 
the contacts to see that they are clean and clo se  
properly , and operate the  relay to check the  settings 
and electrical connections. 

A P P L I C A T I O N 

LC- 1 and LC-2 relays are used for bus differential 
protection in conjunction with Linear Couplers , which 
are ' ' air core" mutual reacto rs.  

* The two relays can be used interchangeably fo r 
phase protection; depending upon required sensi­
t ivity. It i s  recommended that the LC- 2  be used for 
phase protection where the relay current is less  than 
200MA. Where the relay current would otherwise be 
50 to 200MA, a 1 9  ohm res istor S# 1 85A272G21  i s  
recommended across terminal 8 and 9 t o  reduce the 
relay current to a value within setting limits .  

The LC- 2 relay can also be used with a type HVS 
fault detecting relay ,  to obtain sensitive ground pro­
tection where the ground fault current is of consider­
ably smaller magnitudes than phase fault� .  such as 
on impedance grounded sy stems .  

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

The LC- 1 relay consists of an imp edance match­
ing auto- transformer, main solenoid operating uni t ,  
and an indicat ing contactor switch.  The  LC-2  relay 
consists of a two winding impedance matching trans­
former ,  a full wave diode bridge de polar unit ,  an 
indicatir.g- contactor switch ( ICS) ,  and an auxiliary 
switch (VS). 

Matc h i n g  T ransformer 

Taps 30,  40, G O  and S O  are provided to appro xi­
mately match the relay aud l inear  coupler impedance.  

S U P ERSEDES I .L.  4 1 -342 . 1  B 
*Den otes change  from s u perseded i s sue . 

M a i n  Operati n g  U n i t (L C l )  

The main unit o f  the LC- 1 relay i s  a small solenoid 
switch with a scale calibrated in decimal parts of an 
inch TLs scale refers to the amount o f  free contact 
trav<' � .  A cylindrical plunger with a silver disc moun­
ted on its lower end moves in the core o f the solenoid .  
As the plunger travels upward,  the disc bridges i h H  ' 
silver stationary contacts .  

Main  Operati n g  Unit  ( L C2) 

The main unit of the LC- 2 is a de polar uni t ,  fed 
from full wave rectifiers .  I t  consists of a rectanglar 
shaped magnetic frame ,  an electromagnet, a perman­
ent magnet, and an armature. The poles  of the cres­
cent shaped perman ent magnet bridge the magnetic 
frame. The frame consists o f  three pieces joined in 
the rear with two brass rods and silver solder. These 
non-magnetic jo ints are bridged by two adjustabl e 
magnetic shunts which are held in position by means 
o f  a spring typ e clamp . The relay coil i s  wound a­
round the center core. To this core i s  attached . r.e 
armature and contact assembly. 

Auxi l i ary Switch ( VS) 

Thi s is  a small D .C .  Voltage operated clapper 
type switch u s e d  to minimize the possibility of shock 
tripping. 

I nd i cati ng Contactor  Switch U n i t  ( I CS) 

The d- e indicating contactor switch is a small 
clapper type  device. A magnetic armature ,  to which 
leaf- spring mounted co ntacts are attached,  is at­
tracted to the magnetic core upon energization of the 
switch. \\'hen the switch closes ,  the moving contacts 
bridge two stationary contacts ,  completing the trip 
circuit .  Al so during this op eration two fingers on the 
armature deflect a spring lo cated 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 addi tion to holding the target ,  
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T Y P E  L C- 1 AND LC-2 L I N E A R  CO U P L E R  R E L A Y S-------------------

2 

IUICATIR& COITACTH 

INTERNAL SCHEMATIC 

SWITCH --____,jJics )------------, 

A-C COIITACTOR SWITCH 

c+---+--1-- cHASS I S  OPERATED 

FRONT Vlfif 

SHOR TING SWITCH 

- REO HANDLE 

- TEST SWITCH 

CURRENT TEST JAC• 
TERMINAL 

57-D-7918 
Fig. 1. Internal Schematic of the Type LC- 1 Relay in the 

FT1 1 Case. 

provides restraint for the armature and thus controls 
the pickup value  of  the switch. 

O P E R A T I O N 

As shown in figure 3, Linear Coupler protection 
is a series  voltage differential system . Linear Cou­
plers must be connected in series ,  rather than in para­
ll el like current transformers, because the Linear 
Couplers have a very low magnetizing imp edance as 
a result of the absence of iron .  Because  their mag­
netizing impedance is  low, the Linear Coupler secon­
dary can be safely open-circuited. 

For external faults , the voltages induced in the 
linear couplers by currents entering the bus are bal­
anced out by the voltage induced in th e linear coupler 
in the faulted circuit , where the fault current leaves 
the bus. For the internal fault condition, current en­
t ering the bus induces a voltage in the linear coupl er 
circuit. This voltage is not balanced out, since the 
fault current leaves the faulted phase through a path 
containing no linear couplers. Thu s,  a net voltage is  
induc ed in  the  s econdary circuit to cause relay 
operation .  

In the LC-2 tripping is  effected by VS unit which 
is energized by the main unit. The VS is used to 
prevent tripping, if the main unit is momentarily j ar­
red closed .  

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

Since Linear Couplers are manufactured to a tol-

IIDICAT .. I 
COl fACTOR 
SWITCH 
(IIIIT N.UD F. V . )  

7111-... l.I.C. 
2000D-t25 'I.D.C • 
.0000.210 , ••• c. 

INTI'RNAL SCHtMATIC 

�LAI UleiT 

TEST SWITCII 
CD .. EIT TEST JACK 

TEIMII.ll 

Fig. 2. Internal Schematic of the Type L C-2 Relay in the 
FT1 1 Case. 

erance of ±1 %, application is restricted to tho se 
cases where the ratio of maximum external fault cur­
rent to a minimum internal fault current is 50 to 1 .  
However, the practice ha$ been to apply a 2 t o  1 
safety factor which r educes the permissable  ratio to 
25 to 1. An exception to this restriction is where the 
minimum current occurs for a ground fault. In this 
case grounds can be cleared with a s ep arate LC-2 
relay or relays , in conjunction with an HVS relay. 

Characteristic curves  are shown in figures 4, 5 
and 6 .  The use  of these  curves is described under 
"Setting Calculations" .  LC- 1 sensitivity is  about 
0.5 V .A .  and up. The type LC-2 rel ay may be set to 
operate at an energy level ranging from .062 to . 0085 
volt-amperes. It may also be used to an energy l evel 
as low as . 0025 V .A .  with limit"ations which will be 
discussed. This range of application is shown on the 
typical volt- ampere curves  of Fig. 5. Typical im ­
pedance curves are shown in Fig. 6 .  The phase angl e 
of the relay is substantially constant (within 3°) at 
2 2°. 

As indicated in Figs. 7 ,  8 and 9, the four con­
ductor cables used to connect the linear couplers and 
the relay in  s eries  should be transpo sed with resp ect 
to all other circuits. This may be  accomplished by 
using a control cable with a spiral lay to the con­
ductors. The cable may then be placed in the same  
duct run with other circuits ,  but there should not b e  
other circuits i n  t he  same c abl e.  For example ,  do  not 
use four conductors of a six conductor cable ,  even 
though it has spiral lay,  wh en the two remaining con­
ductors are to be used for some other service.  
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TY P E  LC- 1 AND L C-2 L I N E AR CO U PL E R  R E L AYS _________________ 
1 . L_._4_1 ·_34_2_· 1_c 

N CIRCUIT No. 
-�sus 

LINEAR 
CouPLERs 

-+--L INEAR Col/PL£R 
--4o.JV¥"Y'-<).j..........J RELAY 
b 

GROUND lH£ .5£CONDAR y ('n;cutT AT "a " oR "b ·; BvT 
Nor AT BorH Loc>A rto!YS. 

TEsr SWITCH A T  "b •• 

8-D-3687 
Fig. 3. Simplified External Schematic for L inear Coupler 

Bus Protection. 

Operati n g  T i m e  

LC- 1 One  cycle or less  above 150% o f  pickup 
current. 

LC- 2 1';4 to 1% cycles ,  including % cycle time 
for VS. 

Trip Curcuit  

The main contacts will safely close 30 amperes 
at 250 volts d- e and the seal-in contacts o f  th e indi­
cating contactor switch will safely carry this current 
long enough to trip a circuit breaker.  

The indicating contactor switch has two taps  that 
provide 2 pick up setting o f0 . 2 o r 2 amp eres. To change 
taps  requires connecting the lead located in front of 
the tap block to the desired s etting by means of a 
screw connection. 

Trip C i rcui t Con stant 

Indicating Contactor Switch ( ICS) 

0 . 2 ampere tap 6 . 5  ohms d- e resi stance 
2 . 0  ampere tap 0 . 1 5  ohms d-e resistance 

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

The following fundamental equations apply re­
ferring to Fig. 3 :  

11. ::J 
"' u ii: 
({) 11. 
:::E <{ 
::i .J � 

600 w u z <{ 0 w 11. 
500 � 

({) :::E :I: 0 
400 

3Qll 

200 

100 

CONTACT TRAVEL IN INCHES 

Curve 264689 
Fig. 4. Typical LC- 1 Characteristic Curves. 

E = IpM 

IpM 
Ir = -­Zs 

IpM 

Ir Zs Ir (NZc + Zr) 
Ip= -- = -----

M M 

where: 

( 1 ) 

( 2)• 

( 3 )  

( 4) 

E = Voltage induced in linear coupler secondary 

Ip = Primary current in linear coupler 

M = Mutual inpedance of  l inear coupler = . 005  
o hm for 60 cycles. 

Ir = Rel ay current 

Z s = Imp edance of  Secondary Circuit 

N = Numbet of  secondary circuit = Number of 
linear coupler secondaries  in series  p er phase.  

Zc = Self- imp edance of  linear coupler secondary. 

Zr = Relay impedance.  
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TY P E  LC- 1 AND LC-2 L I N EAR COU P L E R  R E L AYS __________________ _ 
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CURRENT I N  RELAY ( MILLIAMPERES) 763A488 
Fig. 5. Typical L C-2 Volt-ampere Curve. 

Equation ( 3 )  is used to determine the current at 
which the relay trips for an internal fault on the bus 
of  magnitude ,  Ip . Equation (4) i s  used to determine  
the  primary current necessary to trip the relay when 
it has been adju sted to trip at a known value of relay 
current . It should be noted,  how ever, that the relay 
impedance is not constant, but varies with relay cur­
rent as indicated in Figs. 4 and 6 .  Therefore ,  in using 
equation ( 3 ) ,  it is  desirable to assume a value of  re­
lay impedance  equal to the impedance tap , and mak e 
a first calculation of the relay current . When thi s is  
obtained, a new value of  relay impedance should be 
selected from Fig. 4 or 6 and a second value of  rel ay 
current calculated. Usually , it will not be necessary 
to continue the cal culation any further ,  as the values 
resulting from the second calculation will  be suffi­
ciently accurate.  

L C- 1  Rel ay E xampl e 

Assume a 6 circuit bus , for which the Linear 
Couplers have a self impedance  o f  Z c = 3.  7 + j 8 . 9  = 

9 . 64/67 . 4 °. Three type LC- 1 relays are u sed, one per  
phase ,  to obtain phas e and ground fault protection . 

4 

"' 

150 

"' 

"' 

110 I 
110 1\ 
"' \ \ 
" ll 
10 \ \ \ \ "' " � 1 0  - \ 

..... 
10 \ 1 \  ...... 1---� z \ r-t-� - eo 1L TAP -f-

!! ..... 
-r-1--I. I I I " _'\ \ r-t--- v-lol. rlP -f-" -r--" '\ ..... I I 

" r-1-- l� •o.A. TAP " 
--..... I I I 

-r-
30 .A. TAP -f-

" 

10 

0 It " .. .. .. .. 10 .. 10 "' 
RELAY CURRENT ( MILLIAMPERES l 763A489 

Fig. 6. Typical L C-2 Impedance Curve (Impedance is at 
22° angle). 

The maximum external fault current is 60, 000 amp eres 
rms symmetrical .  It is  desired to set th e relays to 
trip on a minimum internal fault of 5000 amperes.  
However, since the Linear Couplers and Relays will 
operate over a 25/ 1 range with 2 to 1 factor of safety , 
the relays may as well be set for 2400 amperes ,  which 
i s  1/25 of  60 , 000 . 

The self impedance of th e linear coupl er secon­
dari es is determined first ,  as follows: 

N Zc = 6 ( 3 . 7  + j 8 . 9 )  = 22 . 2 + j 5 3 . 4 = 57 . 8  f67 . 4o 

For any given primary current, th e rel ay receives 
maximum energy when its impedance Zr , i s made equal 
to N'Z:c· This feature is utilized by matching Zr and 
NZ c as closely as possible in  those cases where it 
i s  desirable to obtain the lowest possibl e minimum 
tripping current. In other cases, the relay impedance ,  
Zr and the  total Linear Coupler s el f  impedance NZc · 
may be deliberately mismatched in order to extend 
the range of adj ustment to a higher current value .  In 
this example ,  a first trial calculation will be made on 
an approximate basis by assuming that the relay im-
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TY P E  L C- 1  AND LC-2 L I N E A R  COU P L E R  R EL AYS _________________ ..:.:.r·.::.;L.:....;:4�1...::;-3..:..:42:..:.;.t=c 

pedance is 60 ohms ( 60 ohm tap )  and that this  add s 
arithmetically to the 57 . 8  ohms of the Couplers (l eads 
being negl ected). 

Zs = 57.8 + 60 = 1 1 7 . 8  ohm approximately 

E = IpM = 2400 x . 005  = 1 2 . 0  volts 

E 1 2 . 0  
I r = - = ---= . 1 02 amp ere, appro ximately 

Zs 1 17 . 8  

Reference to Figure 4 indicates that the rel ay can 
be set to operate at . 102 (or 0 . 1 00 ampere on either 
the 60 ohm or 80 ohm tap .  Since the de sired value is 
near the minimum obtainable ,  choose the 60 ohm tap 
as being the closest match to the value of 5 7 . 8  for 
NZ c· and make a second more accurate calibration. 
Using the 60 ohm tap and a contact travel of .075 " , 
values read from the curve give  a pick up current 
Ir = 0. 1 00 :  Zr = 58 . 3 ohms ,  and an impedanc e angl e of 
33°  for Zr · 

Zr = 58 . 3 �  48 .9 + j 3 1 . 7 5  

NZc = 5 7 . 8 � 2 2 . 2  + j 5 3 . 4  

Zr + NZc 7 1 . 1  + j85 . 1 5  

= 1 1 1  I j)_(l_,_l"_ 
E 1 2 . 0  

From Eq .  ( 2 ) ,  Ir = 
o;;>;s 

= ---yu = . 1 08 1 amp ere 

This current is higher than the original assumed 
current because the calculations were more accurately 
made ,  taking into consideration the vector addition of 
Zr and NZ. Changing the contact travel to . 080" to 
obtain the pickup current , Ir = . 10 7 ,  makes an incon-

* sequential change in the relay ohms , Zr = 59 ,  and a 
change of approximately 0 . 5  in the phase angle of  
the  relay impedance.  Another trial calculation is  
therefore unnecessary from a practical standpoint . 

L C-2 Rel ay E xampl e 
--� ---·-----

Assume a six c ircuit bus has linear couplers with 
a self- impedance of Z c = 3 . 7  + j 8 . 9  = 9 . 64L61_.__1.".,_ 
Three type LC-2 relays are used,  one per phase,  to 
obtain phase and ground fault protection. The maxi­
mum external fault current is 1 2 , 000 amperes rms 
symmetrical .  Since the l inear couplers and relays will 
operate over a 25/ 1 range with a 2 to 1 factor of  safety , 
the relays may be set for 480 amperes , which is 1/25  
of 1 2 , 000. 

The relay operates with maximum energy when its 
impedance equals the impedance of the linear coupler 

* 
circuit, NZc = 6( 3 .  7 + j 8 . 9  = 22 . 2  + j 5 3 . 4  = 5 7 . 8  /6 7._1� 
Therefore ,  choose a tap setting ,  Zr = 60 ,  for the relay , 
which i s  an approximate match. Since the phase angle 
of  Zr is substantially co nstant (within 3°) at 22° ,  
Zr = 60L22."_ = 55 .6  + j 2 2 . 5 .  

NZc = 22 . 2 + j 5 3 . 4  

Zr = 5 5 . 6  + j 2 2 . 5  

Zs = 77 . 8  + j 7 5 . 9  = 1 08 . 8  ohms 

IpM = 480 x . 005 = 2 . 4  volts 

From equation ( 3 )  

IpM 2 . 4  
Ir = �2 s = 1 08 . 8  = . 022 1  amperes 

This is within the recommended setting range of 
the relay as indicated in  Fig.  5. 

From Fig.  6 ,  on the 60 ohm tap, at Ir = . 02 2 1  Zr = 

54 . 5�= 50. 6 + j 20 . 4 .  

This new  value of  Zr should be used in equation 
( 3 ) . 

NZc = 2 2 . 2  + j 5 3 . 4  

Zr = 5 0 . 6  + j 20 . 4  

Zs = 72 . 8  + j 7 3 . 8  = 1 03 . 6  ohms 

_ IpM 2 . 4  
I r = �-- = . 0 232  amperes 

Zs 1 0 3 . 6  

At Ir = . 0232  o n  the 6 0  ohm tap , Fig. 6 indicates 
that Z r = 54 ohms. Since a value of  Zr = 54 . 5  was 
used in the above calculation ,  it is not necessary to 
carry the calculation any further. 

The relay should be adj usted to trip at I = . 0 232  
amperes on  the 60 ohm tap using the  magnetic shunts 
at the rear of the polar element assembly. 

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

L C- 1  Rel ay 

Set transformer tap and main unit contact travel .  
Loosen the nuts on the bottom of the assembly and 
screw the Micarta disc to the desired position as in­
dicated on the s cale plate .  
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TY P E  LC- 1 AND LC-2 L I N E AR CO U P L E R  R EL AY S  __________________ ,_. L_._4_1 ·_34_2 ._l c 

L C-2 Rel ay 

Set transformer tap and adjust main unit magnetic 
shunts for required pickup current as described belo w .  

The sensitivity of the polar unit is adjusted by 
means of two screw type magnetic shunts at the rear 
of the assembly. Looking at the relay front view,  
drawing out the left-hand shunt increases the amount 
of current required to close the relay contacts .  Con­
versely, drawing out the right-hand shunt decreases 
the amount of current required t o  trip the relay .  The 
shunts are held securely in position by means of a 
spring type clamp . 

There is a residual magnetism effect in this relay 
unit amounting to approximately . 001  ampere on the 80 
ohm tap . For this reason it is desirable to calibrate 
the relay after first applying a polarizing current to it. 
For example ,  the relay would be adjusted to trip at 
. 0 1 0  ampere on the 80 ohm tap , and would then be 
momentarily subjected to a current of . 250 ampere ,  
which is 25 times minimum pickup. The minimum trip 
current would then be checked and the relay readj usted 
to trip at . 0 1 0  ampere. After another momentarily ap­
plied polarization of . 250 ampere the minimum trip 
would be rechecked. This process would be repeated 
back and forth until there were no change in the mini­
mum trip current of . 0 10  ampere after polarization. 
This manner of calibration is especially important at 
the low values of minimum trip currents, since the 
same residual magnetism effect of approximately . 001  
ampere would amount to a 20 percent change in  the 
minimum trip setting if the relay w ere set for 5 milli­
amperes on the 80 ohm tap .  It is for this reason that 
the lower limit of the recommended range of settings 
has been shown at . 0 1 0  amp e r e  for tap 80. The limit 
for the other taps is at the same value of voltamperes. 
On the other taps ,  the residual magnetism effect is 
equal to 

. 00 1  � 8� w here T = ohms tap value. 

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 re­
lay vertically by means of the four mounting holes on 
the flange for semi-flush mounting or by means of the 
rear mounting stud or studs for proj ection mounting. 
Either a mounting stud or the mounting screws may be 
utilized for grounding the relay. The electrical con­
nections may be made directly to the terminals  by 

means of screws for steel panel mounting or to 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 operation 
of this relay have been made at the factory and should 
not be disturbed after receipt by the customer. If the 
adjustments have been changed, the relay taken apart 
for repairs ,  or if it is desired to check the adjustments 
at regular maintenance periods, the instructions be­
low should be followed. 

All contacts should be cleaned periodically. A 
contact burnisher Slt182A836H01 is recommended for 
this purpose.  The use of abrasive material for clean­
ing contacts is not recommended, because of the dan­
ger of embedding small particles in the face of the 
soft silver and thus impairing the contact. 

Acceptance Tests 

The following tests are recommended when the re­
lay is received from the factory. If the relay does not 
perform as specified below , it either is not properly 
calibrated or it contains a defect. 

LC- 1 Main Unit 

Set for 0 .062  inch contact travel and 30 ohm tap .  
Apply 60 cycle voltage to  terminals 8 and 9 and mea­
sure the I39 current required to operate the main unit. 
r89 = 130 ± 5% rna. 

LC- 2 

Set in 30 ohm tap and apply 2 volts ,  60 cycles to 
terminals 8 and 9. The main unit should operate. Apply 
70% rated de voltage on terminals 10 and 2. Clos e the 
main unit contact. VS should operate. 

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 ICS. This value of current should not be 
greater than the particular ICS tap setting being used. 
The indicator target should drop freely. 

I n stal l ation Test 

At the time of the initial installation ,  the polarity 
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TY P E  LC- 1 AND LC-2 L I N E A R  CO U P L E R  R E L AYS 

of  the connections should be checked. This can be 
done by circulating a high current from a l ow voltage 
high current test set through the Linear Coupler pri­
maries .  The polarity can be checked by testing the 
Linear Couplers in pairs .  For example ,  i f  500 amp s .  is 
passed from feeder to bus in  circuit number 1 (figure 
4) and from bus to feeder in c ircuit number 2, then no 
voltage should be measured by a suitable low reading 
voltmeter temporarily connected in series w ith the 
Relay-Coupler Circuit. If, however ,  a reading of  5 volts 
is  obtained ( 500 x . 005 x 2), it is  an indication that 
one of the Coupler s econdaries is reversed. If a zero 
reading is obtained, this check s the Couplers of cir­
cuits number 1 and 2 against each other. Circuit 2 
should then be checked against circuit 3 ,  circuit 3 a­
gainst c ircuit 4 ,  and so on until all circuits are check­
ed. This should be done for each phase. A high resis­
tance voltmeter sho uld be used ,  preferably one having 
a resistance of 1 000 ohms per volt , or  more. A similar 
check may be made using load currents in the circuit 
if the se are high enough to give a satisfactory voltage 
indication. 

P ermanent Test F a c i l i t i e s  

As shown in Fig .  9 ,  the l inear coupler differential 
circuit can be provided with a test scheme to check 
the bus differential circuit for major  defects while the 
bus i s  carrying load current. Defects such as short 
circuited linear coupler transformers ,  ground faults and 
open circuits in the secondary loop , wrong polarity or 
phasing connections to the linear couplers ,  and severe 
steady state stray voltage effects from foreign sources 
can be revealed by the scheme. The equipment used 
in the test scheme includes three high resistance Recc 
tox type voltmeters ,  a one-half ohm resistor, a test 
transformer, and a test switch with three positions. 
NORMAL DIFF E R E N TIAL-O F F-SERIES. 

\\'hen the test switch i s  in the NORMAL DIFFER­
ENTIAL position ,  a voltmeter is connected across  each 
phase relay.  On an unfaulted s econdary circuit the 
voltmeters measure the differential voltage induced 
in the linear coupler secondary by load current in the 
bus. Due to the tolerance of the linear couplers ,  the 
induced vo ltage may be some low value other than 
zero . Hence,  for each installatio n ,  a maximum normal 

* different ial load voltage should be determined and 
recorded. 

In the SERIES position ,  the test switch not only 
connects the volt-meters across the phase relays , but 
also applies a l ow voltage across  a one-half ohm re­
sistor in the neutral of the differential secondary cir-

I . L. 4 1 -342. 1 C  

cuit. O n  an unfaulted secondary circuit ,  the volt-meters 
read more than the normal differential reading or ap­
proximately half of the applied test voltage. While the 
applied test voltage is not large enou gh to operate 
the relays during load current flow ,  it  may reduce the 
safety factor for relay tripping on external faults. 
H enc e ,  a contact of  the test switch should open the 
relay ' s  trip circuit .  If  the trip circuit i s  not opened by 
this contact, the seri es  test should not be used if the 
normal differential voltage is higher than marked. 

The periodic test procedure is to turn the test 
switch first to NORMAL DIFFERENTIAL . This con­
nects the voltmeters across  the relays to measure the 
differential voltages due to load currents . If a volt­
meter reads higher than the marked maximum normal 
differential voltage , it  indicates a major defect such 
as a short circuited linear coupler or a wrong connec­
tion in the differential circuit. Since these  defects can 
caus e relay tripping on external faults ,  the relay,  or 
relays ,  associated with the high voltage should be 
removed from service until the defect is corrected. If 
the voltmeter reads zero , i t  may be an indication of an 
open circuit in the secondary differential c ircuit. This 
should be checked by using the series test. 

The next step is  to turn the test switch to SERIES. 
If any voltmeter reads zero , it indicates an open cir­
cuit in the coupler portion of the circuit. If the volt­
meter reads full scale ,  it indicates an open circuit in  
the  rel ay winding. 

Routi ne M a i ntenance 

Check sensitivity by applying a voltage across 
test  switch contact 9 and 10  or equivalent. With switch 
in "Series  Test " position ,  (See figure 9 )  the applied 
voltage should equal 0 . 005 Ip, where Ip is the primary 
current at d esired pick up point.  The relays should 
operate .  Where a portable voltmeter is used,  a 5000 
ohm per volt ,  sensitivity i s  recommended. 

Cal i brati on 

If the factory cal ibration has been disturbed ,  the 
following adjustments may be required. 

LC- 1 Relay 

The small a-c solenoid switch has adj ustments for 
pick-up and drop-out .  The pick-up characteristics may 
be checked against Figure 4 which is a typical curve .  
Thi s check should not be  made ,  however ,  until the 
proper drop-out, or  ' ' contact follow ' '  adj ustments ,  has 
been made. To do thi s ,  connect the relay on 30 tap ,  
and pass 1 30 rna  60 cycles  i n  terminal s 8 and 9 .  See 
that the plunger is  picked up. Loosen the locknut at 
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TY P E  L C- 1 AND LC-2 L I N E AR COU P L E R  R E L AYS-------------------

the top of the assembly , and move the core screw up 
and down by means of a screw driver.  It will be ob­
served that as the core screw is raised,  the plunger 
will try to rise higher until a point is reached where 
the pull of the helical spring is  greater than the mag­
netic pull, at which point the plunger will drop down 
part way ,  although not necessarily opening the con­
tacts . This action can be observed best by looking at 
the shoulder on the plunger just above the silver disc 
assembly. The core screw should be adjusted so that 
the plunger rises the maximum amount, at the mini­
mum current given above and the lock nut tightened to 
secure this adjustment. This gives the maximum de­
flection on the helical spring and thus maximum con­
tact pressure. 

LC- 2  Relay 

1 .  Contacts 

Allow the armature rivet to strike the right hand 
pole face and bring up the stationary contact screw 

until the contact circuit just makes .  Give the station­
ary contact screw_ an additional one-half to one turn 
before locking it in place with the lock nut provided. 
With the contacts in the closed position, bring up the 
back stop screw until it just touches the moving con­
tact. Then back off one turn and lock in place. 

2.  Mi nimum Trip Current 

The sensitivity of the polar unit is adjusted by 
means of two screw type magnetic shunts at the rear 
of the assembly. Looking at the relay front view ,  draw­
ing out the left-hand shunt increases the amount o f  
current required to  close the relay contacts .  Conver­
sely, drawing out the right-hand shunt decreases the 
amount of current required to trip the relay .  It will 
usually be possible to set the relay to the desired 
tripping value by leaving the right-hand shunt at the 
extreme "in" position and make  all the adjustments 
with left- hand shunt. The shunts are held securely in  
position by means of a spring type clamp. 

SCHEMATIC D I AGRAM O F  L I NEAR C O U P L E R  B U S  DIFF E R E N T I A L  r' R O T E C T I O N  

W I T H  SERIES D I F FEREN TIAL L O O P  U S I N G  PHASE RELAYS A N D  I N C L U D I N G  

MANUAL TEST EQUIPMENT FOR -:=�uPE R V I S I O N  O F  D I F F E R E fJ T I AL C I R C U I T. 
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Fig. 9. Schematic of Permanent Test Facilities for Linear Coupler System. 
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T Y P E  LC- 1 AND LC-2 L I N E A R  CO U P L E R  R E L AYS ________________ __!I.:.!:. L:.!.." ..:!.4 1!..:;-3�4�2.�1 C  

There i s  a residual magnetism effect in this relay 
unit amounting to approximately . 00 1  ampere on the S O  
ohm tap . For  th is  reason it is desirable to calibrate 
the relay after first applying a polarizing current to 
it . For example ,  the relay would be adj usted to trip 
at . 0 1 0  ampere on the SO ohm tap ,  and would then be 
momentarily subj ected to a current of . 250 ampere ,  
which is  25 times minimum pickup.  The minimum trip 
current would then be checked and the relay adj usted 
to trip at . 0 1 0  ampere .  After another momentarily ap­
plied polarization o f  . 250 ampere the minimum trip 
would be rechecked. This process would be repeated 
back and forth until there were no change in the mi ni­
mum trip current of . 0 1 0  ampere after polarization. 
This manner of calibration is especially important at 
the low val ues of minimum trip currents , since the 
same residual magnetism effect of approximately . 0 0 1  
ampere would amount t o  a 2 0  percent change in the 
minimum trip setting if the relay were set for 5 milli­
amperes on the SO ohm tap .  It  is for this reason that 
the lower l imit of the recommended range of settings 
has been sho wn at . 0 1 0  amp ere for tap SO. The limit 
for the other taps is at the same value of voltamperes.  
It  is  possible ,  how ever ,  to set the relay down to an 
energy level of . 0025 voltamperes as indicated on 

* curve o f  Fig. 5 .  On the other taps ,  the residual 
magnetism effect is equal to 

. 0 0 1  �-S� where T ohms tap value .  

3. Aux i l iary Switch (VS) 

The auxiliary switch (VS) should have a contact 

gap 0 . 047  ± -:fft�- inch between the bridging contact 

and the adj ustable stationary contacts .  The moving 
contacts should touch both stationary contacts simul­
taneously. 

The unit should pick-up with 60% of rated voltage 
applied to the series connected switch and resistor. 

I nd i cati ng Conta ctor Switch ( I CS) 

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 o f  current should be not 
greater than the particular res tap setting being used.  
The operation indicator target should drop freely. 

The contact gap should be approximately . 047 " 
between the bridging moving contacts and the adjust­
able stationary contacts .  The bridging moving contact 
should touch both stationary contacts simultaneously. 

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

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

3 

Fig. 10. Type LC- 1 Relay - I. Impedance Transformer Taps. 2. Soleno id Operating Unit. 3. Indicating Contactor Switch (I CS). 
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Fig. 1 1  Type L C-2 (Front View) - 1. Impedance Transformer Taps. 2. Polar Unit. 3. Auxiliary Contactor Switch ( VS). 

4. Indicating Contactor Switch (ICS). 
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T Y P E  LC- 1 AN D LC-2 L I N E A R  COU P L E R  RELAY$ ___ .. _____________ __ , . L_._4_1 ·3_4_2._1 c  
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Fig. 12. Outline and Drilling Plan for the Type LC- 1  and L C-2 Relay in FT1 1 Case. 
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