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Westinghouse LL. 41-341.1D 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 

TYPE HA GENERATOR DIFFERENTIAL RELAY 

CAUTION Before putting relays into service, remove 
au blocking 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 proper­
ly, and operate the relay to check the settings and 
electrical connections. 

APPLICATION 

The type HA relays are balanced-beam type re­
lays used for the differential protection of a-c gener­
ators and synchronous motors. The relays operate 
in one cycle (60-cycle per second bases) and are 
designed so that they are unaffected by d-e tran­
sients associated with asymmetrical through short­
circuit currents. 

The type HA relays may be applied w hen there is 
considerable difference between current transformer 
performance on the two sides of the machine. The 
limits of variation in the output of these current 
transformers which will still allow ample safety fac­
tors may be determined as follows. 

* Current transformer burden in ohms (excluding 

CT winding resistance) should not exceed (Np'VcL) 

I 133; further the burden factor, BF, should not differ 

by more than a 2 to 1 ratio between the two sets of 

* CT's. Where the 2 to 1 ratio cannot be met, resistors 

may be added in the CT leads, provided the total 

burden meets the NpVcL/ 133 requirement. The 

above terms are defined as: 

Np = proportion of total number of CT turns in 
use 

V CL = current transformer 10L accuracy class 
voltage 

BF = 
1000 RB 
NPVCL 

RB = resistance of the burden, excluding CT 
winding resistance. 

For example, if the 400/5 tap of a 600/5 multi-ratio 
CT is used, Np = 400/600 = 0 .67. If this CT has a 

10L200 rating, VeL = 200, and the burden should not 

SUPERSEDES I.L. 41-341.1C 
*Denotes change from superseded issue. 

exceed: 
Np VeL = 

0.67 x 200 
= l.O ohm 

133 133 

Assuming a resistance burden of RB = 0. 5 ohms, 
the burden factor, BF, is: 

1000 RB 1000 x 0. 5 
BF = = = 3 8 

NPVCL 0 .67 x 200 
. 

The other set of CT's may then have a burden 
factor as high as 2 x 3.8 =7.6, or as low as 1/2 x 3.8 

= 1.9. If the other set of CT's also has a burden of 
0.5 ohms, a 10L100, 10L200, or 10L400 rating would 

be satisfactory, since the burden factors are 7.6, 3.8 

and 1.9, respectively. 

In calculating the burden, use the one way lead 
burden. 

* If the operating current can exceed 100 amps, 
runs symmetrical neglecting CT saturation, varistor 
protection is recommended to limit voltage stress in 
the relay circuits. CT saturation will not limit the 
voltage spikes that are produced each half cycle as 
the CT comes out of saturation: Size the varistor to 
limit the peak voltage to 1600 volts at the maximum 
expected current, neglecting CT saturation and as­

suming all CT current flowing in the varistor. Con­
nect the varistors across the CT windings carrying 
the majority of the current, or across the relay term­
inals (e. g. 19 to 18, 15 to 14, 9 to 8). Where the 
full winding of a bushing CT is not used, the CT 
insulation stress across the full winding will be 

increased due to the autotransformer action. In this 
case the insulation strength of the CT may be the 
limiting. 

CONSTRUCTION 

The type HA relay consists of three differential 
units, three saturating transformers, three fault de­
tectors, an auxiliary contactor switch, and three 
operation indicators. 

Differential Units 

A beam of magnetic material, pivoted in the 
center is pulled down on the contact end by a cur-
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TYPEHARELAY------------------------------------------------------------
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Curve 246085 

Fig. 3. Typical Variable Ratio Operating Curve Obtained 
with Test Connections of Figure 5 (No Control of 

Phase Angle). 

differential current flows into the operating coil of 

the differential unit to produce a contact closing 

torque. However, if the relay has been applied cor­

rectly, sufficient restraint torque will exist to prevent 

the relay contacts from closing. The saturating 

characteristic of the operating coil circuit limits the 

operating torque on heavy external faults where the 

performance of the two sets of current transformers 

may be quite different. 

On internal faults the operating coil current is 

the sum of the current flowing in both halves of the 

center leg winding and sufficient operating torque 

is available to overcome the restraint torque even 

through the operating circuit saturates. 

The contacts of the three fault detector units 

(one per phase) are connected in series with the 

differential unit contacts. The coils of the fault 

detectors are connected in parallel with the operating 

coils of the differential units. The relays are shipped 

with the differential units calibrated in conjunction 

with the fault detectors. Inasmuch as the restraint 

on the differential unit beam is proportional to the 

load current, the restraint which exists for light load 

conditions may be quite small, thus making the differ­

ential unit more susceptible to jars and vibrations. 

The fault. detectors are provided to guard against a 

false trip operation due to the panel being jarred. 

The coil of the contactor switch is connected in 

series with the main contacts of the relay and with 
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Fig. 4. Typical Time - Current Curve for the Differential 

Unit. 

the trip coil of the breaker. When the relay contacts 

close, the coil becomes energized and closes the 

switch contacts. This shunts the main relay contacts, 

thereby relieving them of the duty of carrying tripping 

current. These contacts remain closed until the trip 

circuit is opened by the auxiliary switch on the 

breaker. 

CHARACTERISTICS 

There are no taps on either the relay or the 

saturating transformer, and consequently, there are 

no settings to be made. 

The characteristic curve is shown in figure 3. 

The time curve of the relay is shown in figure 4. 

The minimum pick-up of the relay, including the 

fault detector unit is 0.14 ampere. 

The contactor s witch operates on a minimum of 

2.0 amperes, but the trip circuit should draw at least 

4 or 5 amperes in order to keep the time of operation 

of the switch to a minimum and provide positive 

operation. 

Trip Circuit 

The main contacts will safely close 30 amperes 

at 250 volts d.c., and the seal-in contacts of the 
contactor switch will safely carry this current long 
enough to trip a circuit breaker. 
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TYPE HARELAY----------------------------------------------------------�'·�L�·�41�-3�4�1.�1�D 

Trip Circuit Constant 

Resistance of 1 ampere target 0.16 ohms 
Resistance of 2 ampere contactor switch 

0. 25 ohms 

E N ERGY REQUIREME N T S  

Restraint Coil Circuit 

Continuous Rating 
1 Second rating 
¥olt amperes @ 5 amperes 
Power Factor 

Operating Coil Circuit 

5 amperes 
200 amperes 

. 20 
0.64 1 ag 

Continuous rating 5 amperes 
1 Second Rating 200 amperes 

Volt Amperes Variable @ . 5  amp. 13.0 
@ 60 amp. 4200 

INSTALLATION 

The relays should be mounted on switchboard 
panels or their equivalent in a location free from dirt, 

moisture, excessive vibration, and heat. Mount the 
relay vertically by means of the four mounting holes 
on the flange for semi-flush mounting or by means of 
the rear mounting stud or studs for projection mount­
ing. Either a mounting stud or the mounting screws 
may be utilized for grounding the relay . 'T'he elec­
trical connections may be made directly to the termi­
nals 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. 
51-076. 

A DJUS TME N TS A N D  MAI N TE N A N CE 

The proper adjustments to insure correct opera­
tion of this relay have been made at the factory. Upon 
receipt of the relay, no adjustments should be re­
quired. 

Receiving Acceptance 

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

A. Differential Units 

Connect the relay per test circuit of figure 7. 

The differential units should operate between the 
values of Io shown in table I for value of IR· 

Table I 

I R in Amperes Io in Amperes 

0 0.1 1 to 0. 15 
5 0. 20 to 0.28 

60 7. 8 to 10.6 

B. Fault Detectors 

The fault detectors should operate between the 
limits of 10 equal to 0. 12 to 0.15  amperes. 

C. Contactor S witch 

Close the relay main contacts and the fault de­

tector contacts. Pass sufficient d.c. current 
through the trip circuit to close the contacts of 
contactor switch. The switch should pick up at 
approximately 2 amperes d.c. 

D. Operation Indicator 

With the relay main contacts and the fault de­
tector contacts closed, pass sufficient d.c. cur­
rent through the trip circuit to operate the indi­
cator. The indicator should operate at approxi­
mately 1 ampere d.c. 

Routine Maintenance 

All relays should be checked at least once every 
year or at such other time intervals as may be dictated 
by experience to be suitable to the particular ap­
plication. 

All contacts should be periodically cleaned. A 
contact burnisher S1t182A836HO 1 is recommended for 
this purpose. The use of abrasive material for clean­
ing contacts is not recommended, because of the 
danger of embedding small particles in the face of 
the soft silver and thus impairing the contact. 

Repair Calibration 

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs or 
the adjustments disturbed. This procedure should not 
be used until it is apparent that the relay is not in 
proper working order (See "Receiving Acceptance''). 
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TYPEHARELAY------------------------------------------------------------

6 

2'10 VOLTS 
60 CYCLE S  

CONNECT TO EACH P HASE O f  THE RELAY I N  
TURN • TERMINALS 17·19, la·1S AND 7·9 

TYPE HA RELAY 

( FRONT VIEW) 

Fig. 5. D i agram of T est Conn ections 

DEVICE NUMBER CHART 

87 - GENERATOR PERCENTAGE 
DIFFERENTIAL RELAY,TYPE HA 

R • RESTRAINING COIL } 
OP - OPERATING COIL OF 

FD - FAULT DETECTOR UNIT TYPE 

CS - CONTACTOR SWITCH RE�:y 
T • OPERATION INDICATOR 

52 • POWER CIRCUIT BREAKER 

a - BREAKER AUXILIARY CONTACT 

TC • BREAKER TRIP COIL 

* Fig. 6. E x tern al Schemati c fo r the type HA R e l ay in the FT42 Case. 

289Bl64 

l83A506 
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TYPEHARELAY ___________________________________________________________ ,_.L_._4_1 -
_34_l_. l __ o 

Differential Unit (with fault detector) 

Adjust the rear air gap between the iron of the 

two coils and the rear of the beam for .008 inch by 

means of the stop screw. Adjust the two air gaps be­

tween the adjustable iron and the beam for .004 inch. 

These are the air gaps between the two rear coils 

and the beam pivot. These adjustments of the gaps 

are preliminary and it will be found that the gaps are 

different from these measure:nents after final calibra­

tion for the 60 ampere point by means of the stop 

screw as described in the next paragraph. 

Adjust the air gap between the front of the beam 

and the stop pin in the upper core screw for approxi­

mately .030 inch. Place a .010 feeler gauge in this 

gap and with the beam in the operated position 

adjust the stationary contact until it just touches the 

moving contact. Screw the lower core screw all the 

way up and then back off 3/ 4" of a turn. Connect the 

relay as shown in figure 5, and adjust the stop screw 

at the rear of the beam until the beam trips at IR = 60 

amps., 10 = 7.8 to 10.2 amperes. Set the balance 

weight to give a minimum trip current of 10 = 0.125 

amperes a t  IR 
= 0. Then check the operating current 

10 = 0.2 1  to 0.27 amperes at I
R 

= 5 amps., adjusting 

the core screw if necessary, If the core screw setting 

is changed to get the 5 ampere restraint point, then 

the 60 ampere restraint point should be rechecked 

and reset, as one adjustment affects the other. 

Fault Detector 

Loosen the lock nut at the top of the element and 

run the core screw down until it is flush with the top 

of the lock nut. Back off the Micarta disc by loosen­

ing the two lock nuts. In the test diagram of figure 7 
adjust 10 to 0.14 ampere. Operate tlw moving element 

by hand and allow the current to hold the moving 

contact disc against the stationary contacts. Now, 

screw up the core screw slowly. This causes the 

plunger to move up, compressing the spring until a 

point of maximum deflection is reached. Further up­

ward motion will cause the plunger to drop part way 

out of the coil, thus diminishing the spring pressure 

on the contact�. By thus adjusting the core screw up 

or down the maximum spring deflection for this value 

of current may be found. Then lock the core screw in 

place. Next, adjust the deenergized position of the 

plunger by raising the Micarta disc until the plunger 

just picks up electrically at the 0. 14 ampere value. 

Contactor Switch 

Adjust the stationary core of the switch for a 

clearance between the stationary core and the moving 

core when the switch is picked up. This can be most 

conveniently done by turning the relay up-side-down. 

Screw up the core screw until the moving core starts 

rotating. Now, back off the core screw until the 

moving core stops rotating. This indicates the point 

where the play in the moving contact assembly is 

taken up, and where the moving core just separates 

from the stationary core screw. Back off the station­

ary core screw one turn beyond this point and lock in 

place. This prevents the moving core from striking 

and sticking to the stationary core because of 

residual magnetism. Adjust the contact clearance for 

3/32 inch by means of the two small nuts on either 

side of the Micarta disc. The switch should pick up 

at 2 amperes d-e. Test for sticking after 30 amperes 

d-e have been passed thru the coil. The coil re­

sistance is approximately 0.25 ohms. 

Operation Indicator 

Adjust the indicator to operate at 1.0 ampere d-e 

gradually applied by loosening the two screws on the 

under side of the assembly, and moving the bracket 

forward or backward. If the two helical springs which 

reset the armature are replaced by new springs, they 

should be weakened slightly by stretching to obtain 

the 1 ampere calibration. The coil resistance is ap­

proximately 0 . 16 ohm. 

RENEWAL PARTS 

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts can be 

furnished to the customers who are equipped for 

doing repair work. When ordering parts, always give 

the complete nameplate data. 
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INSTALLATION 

Westinghouse LL. 41-341.1D 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 

TYPE HA GENERATOR DIFFERENTIAL RELAY 

CAUTION Before putting relays into service, remove 

au blocking 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 proper­

ly, and operate the relay to check the settings and 

electrical connections. 

APPLICATION 

The type HA relays are balanced-beam type re­

lays used for the differential protection of a-c gener­

ators and synchronous motors. The relays operate 

in one cycle (60-cycle per second bases) and are 

designed so that they are unaffected by d-e tran­

sients associated with asymmetrical through short­

circuit currents. 

The type HA relays may be applied when there is 

considerable difference between current transformer 

performance on the two sides of the machine. The 

limits of variation in the output of these current 

transformers which will still allow ample safety fac­

tors may be determined as follows. 

* Current transformer burden in ohms (excluding 

CT winding resistance) should not exceed (Np'VcL) 

I 133; further the burden factor, BF, should not differ 

by more than a 2 to 1 ratio between the two sets of 

* CT's. Where the 2 to 1 ratio cannot be met, resistors 

may be added in the CT leads, provided the total 

burden meets the NpVCL/ 133 requirement. The 

above terms are defined as: 

Np = proportion of total number of CT turns in 

use 

V CL = current transformer 10L accuracy class 

voltage 

BF = 
1000 RB 
NPV CL 

RB = resistance of the burden, excluding CT 
winding resistance. 

For example, if the 400/5 tap of a 600/5 multi-ratio 

CT is used, Np = 400/600 = 0.67. If this CT has a 

10L200 rating, VeL = 200 , and the burden should not 

SUPERSEDES I.L. 41-341.1C 
*Denotes change from superseded issue. 

exceed: 
Np VeL 0.67 x 200 

h ___ = = 1. 0 o m  

133 133 

Assuming a resistance burden of RB = 0 . 5  ohms, 

the burden factor, BF, is: 

1000 RB 1000 X 0.5 
BF = = = 3.8 

Np VCL 0.67 x 200 

The other set of CT's may then have a burden 

factor as high as 2 x 3.8 =7.6, or as low as 1/2 x 3.8 

= 1.9. If the other set of CT's also has a burden of 

0.5 ohms, a 10L100, 10L200, or 10L400 rating would 

be satisfactory, since the burden factors are 7.6, 3.8 

and 1.9, respectively. 

In calculating the burden, use the one way lead 

burden. 

*" If the operating current can exceed 100 amps, 
runs symmetrical neglecting CT saturation, varistor 
protection is recommended to limit voltage stress in 
the relay circuits. CT saturation will not limit the 
voltage spikes that are produced each half cycle as 
the CT comes out of saturation: Size the varistor to 
limit the peak voltage to 1600 volts at the maximum 
expected current, neglecting CT saturation and as­

suming all CT current flowing in the varistor. Con­
nect the varistors across the CT windings carrying 

the majority of the current, or across the relay term­
inals (e. g. 19 to 18, 15 to 14. 9 to 8). Where the 
full winding of a bushing CT is not used, the CT 
insulation stress across the full winding will be 
increased due to the autotransformer action. In this 
case the insulation strength of the CT may be the 
limiting. 

CONSTRUCTION 

The type HA relay consists of three differential 

units, three saturating transformers, three fault de­

tectors, an auxiliary contactor switch, and three 

operation indicators. 

Differential Units 

A beam of magnetic material, pivoted in the 
center is pulled down on the contact end by a cur-

EFFECTIVE APRIL 1966 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



..., 

RESTRAINT 
COIL 
CAPACITORS 

. :
, ,�:·�' I 1 

'0:'
,
' 

i ,, 
"''I 
� 
:--
-t 
"< 
'1:1 .. 
� 
;o .. 
Q 

"< 
I SATURATING 
;o TRANSFORMER .. 
� PHASE 1 
< .. 
Q. 
:::-
0 3 
n 
Q .. RESTRAINT 
!D -- CIRCUIT 

RESISTORS 

FAULT 
DETECTOR 
ASSEMBLY 

� ) ) 

• f 
!' 

I -:) 
� 

� :ri i � · � · · · 
.. / ;  ...... . ' 

.�;;.,.'<;; .-�----��-�--- ,, . , \ ,\ I 
I •• �� 

·---� .;;ilk.. \ 

' 

!" 

-1 -< 
"'tt 
m 
:a: 
Jlo-
"' 
m 
r 
Jlo--< 

DIFFERENTIAL 
UNITS 
(PHASE 1-2-3 
LEFT TO RIGHT) 

SATURATING 
TRANSFORMER 
PHASE 2 

SATURATING 
TRANSFORMER 
PHASE 3 

OPERATION 
INDICATOR 

} 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HA RELAY--------------------------------------------------------------��-�L-�4�1�-3�4�1.1£10 
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l83A019 
Fig. 2. Internal Schematic of the Type HA Relay in the 

FT42 Case. 

rent-operating coil. This force is opposed by a re­

straining force produced by two restraining coils 

acting on the other end of the beam. One restraining 

coil is connected in series with a capacitor and this 

combination in parallel with the other coil. The 

capacitor shifts the phase angle of one of the restrain­

ing circuits so that a uniform restraint is provided at 

all parts of the cycle. 

The moving contact is a hollow, silver egg­

shaped capsule partially filled w ith tungsten powder 

and is mounted on the beam. When this contact 

strikes the rigid stationary contact, the movement of 

the tungsten powder creates sufficient friction to 

absorb practically all the energy of impact. Thus, 

the tendency of the contact to bounce is reduced to 

a minimum. This moving contact projects thru a 

Micarta arm and is free to move against a leaf spring, 

thus providing contact follow. With this construction 

the beam continues to move slightly after the con­

tacts close, thus deflecting the leaf spring, Current 

is conducted into the moving c ontact by means of an 

extremely flexible metal ribbon. 

Fault Detector 

The fault detector is a small solenoid type 

element. A cylindrical plunger rides up and down on 

a vertical guide rod in the center of the solenoid 

coil. The guide rod is fastened to the stationary 

core, which in turn screws into the unit frame. A 

silver disc is fastened to the moving plunger through 

a helical spring. When the coil is energized, the 

plunger moves upward carrying the silver disc which 

bridges three conical-shaped stationary contacts. In 

this position, the helical spring is compressed and 

the plunger is free to move while the contact re­

mains stationary. Thus, a-c vibra tions of the plunger 

are prevented from causing contact bouncing. A 

Micarta disc is fastened to the bottom of the guide 

rod by two sma ll nuts. Its position determines the 

pick-up current of the element. 

Saturating Transformer 

The saturating transformer consists of three 

primary windings wound on a three-legged magnetic 

circuit. One primary winding is wound on the center 

leg of the transformer and the other primary 

windings are wound on the outer legs of the 

transformer. The outer leg primary windings are con-

nected in series to a center tap on the center leg 

winding. A secondary winding is associated with 

each primary winding. The secondary winding of the 

center leg is connected to the restraint coils of the 

differential unit while the secondary winding of the 

outer legs is connected to the operating coils of the 

differential unit. The outer legs of the transformer 

are designed to saturate to limit the energy delivered 

to the operating coil of the differential unit. 

Contactor Switch 

The contactor switch is similar to the fault de­

tector element except that the coil and magnetic 

circuits are designed for direct-current instead of 

alternating current. This makes it unnecessary to 

have the helical spring, so the silver disc is fastened 

directly to the moving plunger. 

Operation Indicator 

The operation indicator is a small solenoid coil 

connected in the trip circuit. When the coil is ener­

gized, a spring-restrained armature releases the 

white target which falls by gravity to indicate com­

pletion of the trip circuit. The indicator is reset from 

outside of the case by a push rod in the cover stud. 

The primary windings of the saturating trans­

formers are connected to the protected equipment as 

shown in figure 6. 0n external faults, the fault current 

flows through the center leg winding to cause a cur­

rent to flow in the secondary windings connected to 

the restraint coils of the differential unit. As a result, 

a restraint or contact opening torque is produced on 

the differential unit. If the two sets of generator cur­

rent transformers have different characteristics, a 

differential current will flow in the outer leg coils of 

the saturating transformer. By transformer action, this 
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TYPEHARELAY------------------------------------------------------------
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Curve 246085 

Fig. 3. Typical Variable Ratio Operating Curve Obtained 
with Test Connections of Figure 5 (No Control of 

Phase Angle). 

differential current flows into the operating coil of 

the differential unit to produce a contact closing 

torque. However, if the relay has been applied cor­

rectly, sufficient restraint torque will exist to prevent 

the relay contacts from closing. The saturating 

characteristic of the operating coil circuit limits the 

operating torque on heavy external faults where the 

performance of the two sets of current transformers 

may be quite different. 

On internal faults the operating coil current is 

the sum of the current flowing in both halves of the 

ceriter leg winding and sufficient operating torque 

is available to overcome the restraint torque even 

through the operating circuit saturates. 

The contacts of the three fault detector units 

(one per phase) are connected in series with the 

differential unit contacts. The coils of the fault 

detectors are connected in parallel with the operating 

coils of the differential units. The relays are shipped 

with the differential units calibrated in conjunction 

with the fault detectors. Inasmuch as the restraint 

on the differential unit beam is proportional to the 

load current, the restraint which exists for light load 

conditions may be quite small, thus making the differ­

ential unit more susceptible to jars and vibrations. 

The fault. detectors are provided to guard against a 

false trip operation due to the panel being jarred. 

The coil of the contactor switch is connected in 

series with the main contacts of the relay and with 
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the trip coil of the breaker. When the relay contacts 

close, the coil becomes energized and closes the 

switch contacts. This shunts the main relay contacts, 

thereby relieving them of the duty of carrying tripping 

current. These contacts remain closed until the trip 

circuit is opened by the auxiliary switch on the 

breaker. 

CHARACTERISTICS 

There are no taps on either the relay or the 

saturating transformer, and consequently, there are 

no settings to be made. 

The characteristic curve is shown in figure 3. 

The time curve of the relay is shown in figure 4. 

The minimum pick-up of the relay, including the 

fault detector unit is 0.14 ampere. 

The contactor switch operates on a minimum of 

2 .0 amperes, but the trip circuit should draw at least 

4 or 5 amperes in order to keep the time of operation 

of the switch to a minimum and provide positive 

operation, 

Trip Circuit 

The main contacts will safely close 30 amperes 

at 250 volts d. c., and the seal-in contacts of the 

contactor switch will safely carry this current long 

enough to trip a circuit breaker. 
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TYPE HARELAY------------------------------------------------------------��.L�·�4�1-�34�1.�1�D 

Trip Circuit Constant 

Resistance of 1 ampere target 0.16 ohms 

Resistance of 2 ampere contactor switch 

0.25 ohms 

ENERGY REQUIREMENTS 

Restraint Coil Circuit 

Continuous Rating 

1 Second rating 

Volt amperes @ 5 amperes 

Power Factor 

Operating Coil Circuit 

5 amperes 

200 amperes 

.20 

0.64 1 ag 

Continuous rating 5 amperes 

1 Second Rating 200 amperes 

Volt Amperes Variable @ .5 amp. 13.0 

@ 60 amp. 4200 

INSTALLATION 

The relays should be mounted on switchboard 

panels or their equivalent in a location free from dirt, 

moisture, excessive vibration, and heat. Mount the 

relay vertically by means of the four mounting holes 

on the flange for semi-flush mounting or by means of 

the rear mounting stud or studs for projection mount­

ing. Either a mounting stud or the mounting screws 

may be utilized for grounding the relay. 'T'he elec­

trical connections may be made directly to the termi­

nals by means of screws for steel panel mounting or 

to the terminal studs furnished with the relay for 

thick panel mounting. The te rminal 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. 

51-076. 

ADJU STMENTS A N D  MAINTENANCE 

The proper adjustments to insure correct opera­

tion of this relay have been made at the factory. Upon 
receipt of the relay, no adjustments should be re· 

quire d. 

Receiving Acceptance 

The following check is recommended to insure 

that the relay is in proper working order. 

A. Differential Units 

Connect the relay per test circuit of figure 7. 

The differential units should operate between the 

values of Io shown in table I for value of IR. 

Table I 

I R in Amperes Io in Amperes 

0 0.11 to 0.15 

5 0. 20 to 0.28 

60 7.8 to 10.6 

B. Fault Detectors 

The fault detectors should operate between the 

limits of Io equal to 0. 12 to 0.15 amperes. 

C. Contactor S witch 

Close the relay main contacts and the fault de­

tector contacts. Pass sufficient d.c. current 

through the trip circuit to close the contacts of 

contactor switch. The switch should pick up at 

approximately 2 amperes d.c. 

D. Operation Indicato r 

With the relay main contacts and the fault de­

tector contacts closed, pass sufficient d.c. cur­

rent through the trip circuit to operate the indi· 

cat or. The indicator should operate at approxi· 

mately 1 ampere d.c. 

Routine Maintenance 

All relays should be checked at least once every 

year or at such other time intervals as may be dictated 
by experience to be suitable to the particular ap­

plication. 

All contacts should be periodically cleaned. A 

contact burnisher S1tl82A836HO 1 is recommended for 
this purpose. The use of abrasive material for clean­

ing contacts is not recommended, because of the 

danger of embedding small particles in the face of 

the soft silver and thus impairing the contact. 

Repair Calibration 

Use the following procedure for calibrating the 

relay if the relay has been taken apart for repairs or 

the adjustments disturbed. This procedure should not 

be used until it is apparent that the relay is not in 

proper working order (See "Receiving Acceptance"). 
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TYPEHARELAY------------------------------------------------------------

6 

2110 VOLTS 
60 CYCLES 

CONNECT TO EACH PHASE OF THE RELAY I N  
TURN • TERMINALS 17·19, ll•IS AND 7·9 

TYPE HA RELAY 

( FRONT VIEW) 

Fig. 5. D i agram of Test Connection s 

DEY ICE NUMBER CHART 

87 - GENERATOR PERCENTAGE 
DIFFERENTIAL RELAY, TYPE HA 

R • RESTRAINING COIL } 
OP • OPERATING COIL OF 

FD - FAULT DETECTOR UNIT TYPE 

CS - CONTACTOR SWITCH RE�Y 
T - OPERATION INDICATOR 

52 - POWER CIRCUIT BREAKER 

a - BREAKER AUXILIARY CONTACT 

TC- BREAKER TRIP COIL 

* Fig. 6. E x ternal Schemati c  fo r the type HA Relay in the FT42 Case. 

289Bl64 

l83A506 
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TYPE HA RELAY _______________________________ I._L_ . _41_-_34_1_.1 _D 

Differential Unit (with fault detector) 

Adjust the rear air gap between the iron of the 

two coils and the rear of the beam for .008 inch by 

means of the stop screw. Adjust the two air gaps be­

tween the adjustable iron and the beam for .004 inch. 

These are the air gaps between the two rear coils 

and the beam pivot. These adjustments of the gaps 

are preliminary and it will be found that the gaps are 

different from these measure:nents after final calibra­

tion for the 60 ampere point by means of the stop 

screw as described in the next paragraph. 

Adjust the air gap between the front of the beam 

and the stop pin in the upper core screw for approxi­

mately .030 inch. Place a .010 feeler gauge in this 

gap and with the beam in the operated position 

adjust the stationary contact until it just touches the 

moving contact. Screw the lower core screw all the 

way up and then back off 3/ 4" of a turn. Connect the 

relay as shown in figure 5, and adjust the stop screw 

at the rear of the beam until the beam trips at lR = 60 

amps., 10 = 7.8 to 10.2 amperes. Set the balance 

weight to give a minimum trip current of 10 = 0.125 
amperes a t  IR = 0. Then check the operating current 

10 = 0.21  to 0.27 amperes at IR = 5 amps., adjusting 

the core screw if necessary. If the core screw setting 

is changed to get the 5 ampere restraint point, then 

the 60 ampere restraint point should be rechecked 

and reset, as one adjustment affects the other. 

Fault Detector 

Loosen the lock nut at the top of the element and 

run the core screw down until it is flush with the top 

of the lock nut. Back off the Micarta disc by loosen­

ing the two lock nuts. In the test diagram of figure 7 
adjust !0 to 0.14 ampere. Operate the moving element 

by hand and allow the current to hold the moving 

contact disc against the stationary contacts. Now, 

screw up the core screw slowly. This causes the 

plunger to move up, compressing the spring until a 

point of maximum deflection is reached. Further up­

ward motion will cause the plunger to drop part way 

out of the coil, thus diminishing the spring pressure 

on the contact�. By thus adjusting the core screw up 

or down the maximum spring deflection for this value 

of current may be found. Then lock the core screw in 

place. Next, adjust the deenergized position of the 

plunger by raising the Micarta disc until the plunger 

just picks up electrically at the 0.14 ampere value. 

Contactor Switch 

Adjust the stationary core of the switch for a 

clearance between the stationary core and the moving 

core when the switch is picked up. This can be most 

conveniently done by turning the relay up-side-down. 

Screw up the core screw until the moving core starts 

rotating. Now, back off the core screw until the 

moving core stops rotating. This indicates the point 

where the play in the moving contact assembly is 

taken up, and where the moving core just separates 

from the stationary core screw. Back off the station­

ary core screw one turn beyond this point and lock in 

place. This prevents the moving core from striking 

and sticking to the stationary core because of 

residual magnetism. Adjust the contact clearance for 

3/32 inch by means of the two small nuts on either 

side of the Micarta disc. The switch should pick up 

at 2 amperes d-e. Test for sticking after 30 amperes 

d-e have been passed thru the coil. The coil re­

sistance is approximately 0.25 ohms. 

Operation Indicator 

Adjust the indicator to operate at 1.0 ampere d-e 

gradually applied by loosening the two screws on the 

under side of the assembly, and moving the bracket 

forward or backward. If the two helical springs which 

reset the armature are replaced by new springs, they 

should be weakened slightly by stretching to obtain 

the 1 ampere calibration. The coil resistance is ap­

proximately 0.16 ohm. 

RENEWAL PARTS 

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts can be 

furnished to the customers who are equipped for 

doing repair work. When ordering parts, always give 

the complete nameplate data. 
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INSTALLATION • 

Westinghouse LL. 41-341.1C 

OPERATION • MAINTENANCE 

INSTRUCTIONS 

TYPE HA GENERATOR DIFFERENTIAL RELAY 

CAUTION Before putting relays into service, remove 

au blocking 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 proper­

ly, and operate the relay to check the settings and 

electrical connections. 

APPLICATION 

The type HA relays are balanced-beam type re­

lays used for the differential protection of a-c gener­

ators and synchronous motors. The relays operate 

in one cycle (60-cycle per second bases) and are 

designed so that they are unaffected by d-e tran­

sients associated with asymmetrical through short­

circuit currents. 

The type HA relays may be applied w hen there is 

considerable difference between current transformer 

performance on the two sides of the machine. The 

limits of variation in the output of these current 

transformers which will still allow ample safety fac­

tors may be determined as follows. 

Current transformer burden in ohms should not 

exceed (NpVCL)/133; further the burden factor, BF, 

should not differ by more than a 2 to 1 ratio between 

the two sets of CT's. The above terms are defined 

as: 

Np = proportion of total number of CT turns in 
use 

V CL = current transformer 10L accuracy class 
voltage 

BF = 
1 000 RB 

NPVCL 
RB = resistance of the burden, excluding CT 

winding resistance. 
For example, if the 400/5 tap of a 600/5 multi-ratio 

CT is used, Np = 400/600 = 0.67. If this CT has a 

10L 200 rating, VeL = 200, and the burden should not 
exceed: 

Np VeL 0.67 x 200 
h ___ = = 1.0 o m  

133 133 

SUPERSEDES I. L. 41-341.1 B 
*Denotes change from superseded issue. 

Assuming a resistance burden of RB = 0. 5 ohms, 

the burden factor, BF, is: 

1000 RB 1000 x 0. 5 
BF = = = 3.8 

Np VCL 0.67 x 200 

The other set of CT' s may then have a burden 

factor as high as 2 x 3.8 =7.6, or as low as 1/2 x 3.8 
= 1.9. If the other set of CT's also has a burden of 

0.5 ohms, a lOLlOO, 10L200, or 10L400 rating would 

be satisfactory, since the burden factors are 7.6, 3.8 

and 1 .9, respectively. 

In calculating the burden, use the one way lead 

burden. 

CONSTRUCTION 

The type HA relay consists of three differential 

units, three saturating transformers, three fault de­

tectors, an auxiliary contactor switch, and three 

operation indicators. 

Differential Units 

A beam of magnetic material, pivoted in the 

center is pulled down on the contact end by a cur­

rent-operating coil. This force is opposed by a re­

straining force produced by two restraining coils 

acting on the other end of the beam. One restraining 

coil is connected in series with a capacitor and this 

combination in parallel with the other coil. The 

capacitor shifts the phase angle of one of the restrain­

ing circuits so that a uniform restraint is provided at 
all parts of the cycle·. 

The moving contact is a hollow, silver egg­

shaped capsule partially filled with tungsten powder 

and is mounted on the beam. When this contact 

strikes the rigid stationary contact, the movement of 

the tungsten powder creates sufficient friction to 

absorb practically all the energy of impact. Thus, 

the tendency of the contact to bounce is reduced to 

a minimum. This moving contact projects thru a 

Micarta arm and is free to move against a leaf spring, 

thus providing contact follow. With this construction 
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TYPE HA RELAY -------------------------------.:.:.1-:.:L.:....:4:..:.1...::·3;;:.4.:..:.1...:...:1C 

SATUR.ATIIIIO Tli:.lliSF. 
(PH.j lt[AR) 

IIOTE: TEIIMIIIAI.S!I-6-o, 
TERMI NAlS '+-14-1� AIID 
TERMIIIAU lb-lo-JAIIE 
TO BE JIJMPEIIED AT 
RELAY CASE 

fllOtn VIEW 

SATUR.UIIIii TUIISF. 
(PH.lliPP[R F.W.) 

tEIITERUIII T(F.'I.) 
OP ERATING C OIL 

RESTRAI IIIIIQCOILS 

IIIGIITIIAIIOUIIIT (F,V,) 
--OPUATIII.O COIL 

,__RESTRAIIIIIIGCOILS 

SATUII.I.TIMGTIIAIISF. 
(PH,J LOitER F,V,) 

CHASSIS OPfUTEO 
SIIOIITING$111TC II 

HOIIAMDLE 
1 TESTSWITCH 

CUUUT TEST JACK 

TERMIUL 

183A019 

Fig, 2. Internal Schematic of the Type HA Relay in the 

FT42 Case, 

the beam continues to move slightly after the con­

tacts close, thus deflecting the leaf spring, Current 

is conducted into the moving contact by means of an 

extremely flexible metal ribbon. 

Fault Detector 

The fault detector is a small solenoid type 

element. A cylindrical plunger rides up and down on 

a vertical guide rod in the center of the solenoid 

coil. The guide rod is fastened to the stationary 

core, which in turn screws into the unit frame. A 

silver disc is fastened to the moving plunger through 

a helical spring. When the coil is energized, the 

plunger moves upward carrying the silver disc which 

bridges three conical-shaped stationary contacts. In 

this position, the helical spring is compressed and 

the plunger is free to move while the contact re­

mains stationary. Thus, a-c vibrations of the plunger 

are prevented from causing contact bouncing. A 

Micarta disc is fastened to the bottom of the guide 

rod by two sma ll nuts. Its position determines the 

pick-up current of the element. 

Saturating Transformer 

The saturating transformer consists of three 

primary windings wound on a three-legged magnetic 

circuit. One primary winding is wound on the center 

leg of the transformer and the other primary 

windings are wound on the outer legs of the 

transformer. The outer leg primary windings are con­

nected in series to a center tap on the center leg 

winding. A secondary winding is associated with 

each primary winding. The secondary winding of the 

center leg is connected to the restraint coils of the 

differential unit while the secondary winding of the 

outer legs is connected to the operating coils of the 

differential unit. The outer legs of the transformer 

are designed to saturate to limit the energy delivered 

to the operating coil of the differential unit. 

Contoctor Switch 

The contactor switch is similar to the fault de­

tector element except that the coil and magnetic 

circuits are designed for direct-current instead of 

alternating current. This makes it unnecessary to 

have the helical spring, so the silver disc is fastened 

directly to the moving plunger. 

Operation Indicator 

The operation indicator is a small solenoid coil 

connected in the trip circuit. When the coil is ener­

gized, a spring-restrained armature releases the 

white target which falls by gravity to indicate com­

pletion of the trip circuit. The indicator is reset from 

outside of the case by a push rod in the cover stud. 

The primary windings of the saturating trans­

formers are connected to the protected equipment as 

shown in figure 6. On external faults, the fault current 

flows through the center leg winding to cause a cur­

rent to flow in the secondary windings connected to 

the restraint coils of the differential unit. As a result, 

a restraint or contact opening torque is produced on 

the differential unit. If the two sets of generator cur­

rent transformers have different characteristics, a 

differential current will flow in the outer leg coils of 

the saturating transformer. By transformer action, this 

differential current flows into the operating coil of 

the differential unit to produce a contact closing 

torque. However, if the relay has been applied cor­

rectly, sufficient restraint torque will exist to prevent 

the relay contacts from closing. The saturating 

characteristic of the operating coil circuit limits the 

operating torque on heavy external faults where the 

performance of the two sets of current transformers 

may be quite different. 

On internal faults the operating coil current is 

the sum of the current flowing in both halves of the 
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Curve 246085 

Fig. 3. Typical Variable Ratio Operating Curve Obtained 
with Test Connections of Figure 5 (No Control of 

Phase Angle). 

center leg winding and sufficient operating torque 

is available to overcome the restraint torque even 

through the operating circuit saturates. 

The contacts of the three fault detector units 

(one per phase) are connected in series with the 

differential unit contacts. The coils of the fault 

detectors are connected in parallel with the operating 

coils of the differential units. The relays are shipped 

with the differential units calibrated in conjunction 

with the fault detectors. Inasmuch as the re straint 

on the differential unit beam is proportional to the 

load current, the restraint which exists for light load 

conditions may be quite small, thus making the differ­

ential unit more susceptible to jars and vibrations. 

The fault. detectors are provided to guard against a 

false trip operation due to the panel being jarred. 

The coil of the contactor switch is connected in 

series with the main contacts of the relay and with 

the trip coil of the breaker. When the relay contacts 

close, the coil becomes energized and closes the 

switch contacts. This shunts the main relay contacts, 

thereby relieving them of the duty of carrying tripping 

current. These contacts remain closed until the trip 

4 

5 
I 1++1 1�·-+H+I�dl- - . "1-t- t 

0
o I 2 3 4 5 15 25 35 45 55 65 

iNPE'US IN D I FFERENCE CO I L  WRENI 

Curve 246012 

Fig. 4. Typical Time - Current Curve for the Differential 

Unit. 

circuit is opened by the auxiliary switch on the 

breaker. 

CHARACTERISTICS 

There are no taps on either the relay or the 

saturating transformer, and consequently , there are 

no settings to be made.  

The characteri stic curve is shown in figure 3. 

* The time curve of the relay i s  shown in figure 4. 

The minimum pick-up of the rel ay , including the 

fault detector unit is 0. 1 4  ampere. 

The contactor switch operates on a minimum of 

2.0 ampere s, but the trip circuit should draw at least 

4 or 5 amperes in order to keep the time of operation 

of the switch to a minimum and provide po sitive 
operation, 

Tri p Ci rcu i t  

The main contacts will safely clo se 30 amperes 

at 250 volts d.c. , and the seal-in contacts of the 

contactor switch will safely carry this current long 

enough to trip a circuit breaker. 
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TYPE HARELAY----------------------------------------------------------���-L�-�4�1-�34�l�.l=c 

Trip Circuit Constant 

Resistance of 1 ampere target 0. 16 ohms 
Resistance of 2 amp ere contactor switch 

0. 25 ohm s 

ENERGY REQU IREMENT S 

Restraint Coil Circuit 

Continuous Rating 
1 Second rating 
Volt amperes @ 5 amperes 
Power Factor 

Operating Coil Circuit 

5 amperes 
200 amperes 

. 20 
0. 64 1 ag 

Continuous rating 5 amperes 
1 Second Rating 200 amperes 
Volt Amperes Variable @ .5 amp .  13.0 

@ 60 amp. 4 200 

I N STALLATI ON 

The relays should be mounted on switchboard 
panels or their e quivalent in a location free from dirt, 
moisture , excessive vibration, and heat. Mount the 
relay vertically by means of the four mounting holes 
on the flange for semi-flush mounting or by means of 
the rear mounting stud or studs for projection mount­
ing. Either a mounting stud or the mounting screws 
may be utilized for grounding the relay . 'T'he elec­
trical connections may be made directly to the termi­
nals 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 
wrenc h. 

For detailed FT case information refer to I.L. 
51-076. 

ADJU S TMENTS A N D  M A I NTENAN CE 

The proper adjustments to insure correct opera­
tion of this relay have been made at the factory. Upon 
receipt of the rel ay ,  no adjustments should be re­
quired.  

Receiving Acceptance 

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

A. Differential Units 

Connect the relay per test circuit of figure 7. 

The differential units should operate between the 
values of Io shown in table I for value of IR. 

Table I 

I R in Amperes Io in Amperes 

0 0. 11 to 0. 15 
5 0. 20 to 0. 28 

60 7. 8 to 10.6 

B. Fault Det ectors 

The fault detectors should operate between the 
limits of Io e qual to 0. 1 2  to 0. 15 amp eres. 

C. Contactor S witch 

Close the relay main contacts and the fault de­
tector contacts. Pass sufficient d. c. current 
through the trip circuit to close the contacts of 
contactor switch. The switch should pick up at 
approximately 2 amperes d. c. 

D. Operation Indicator 

With the re lay main contacts and the fault  de­
tector contacts c l osed, pass sufficient d.c. cur­
rent through the trip circuit to operate the indi­
cator. The indicator shoul d operate at approxi­
mately  1 ampere d.c. 

Routine Maintenance 

All relays should be checked at l east once every 
year or at such other time intervals as may be dictated 
by experience to be suitable to the particular ap­
plication. 

All contacts should be p eriodically cleaned. A 
contact burnisher Stt182A836HO 1 is recommended for 
this purpose. The use of abrasive material for clean­
ing contacts is not recommended, because of the 
danger of embedding small particl es in the face of 
the soft silver and thus impairing the contact. 

Repair Calibration 

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs or 
the adjustments disturbed. This procedure should not 
be used until it is apparent that the relay is not in 
proper working order (See "Receiving Acceptance "). 
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TYPE HARE LAY------------------------------------------------------------
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F i g. 5. 

TYPE HA RELAY 

( FRONT V I EW )  

Z'IO VOLTS 
60 CYCLES 

CONNECT TO EACH PHASE OF THE RELAY I N  
TURN - TERMIMALS 17-19, 13-1o AMO 7-9 

289Bl64 

D i agram of Test Connection s  

3 

DEVICE NUMBER CHART 

87 - GENERATOR PERCENTAGE 
D I FFERENT IAL RELAY, TYPE HA 

R - RESTRA I N I NG CO I L  } 
OP - OPERAT ING CO I L  DF 

FD - FAULT DETECTOR UN I T  TYPE 

CS - CONTACTOR SWI TCH RE�Y 
T - OPERAT ION I N D I CATOR 

52 - POWER C I RCUIT BREAKER 

a - BREAKER AUX I L I ARY CONTACT 

TC - BREAKER TR I P  COIL 

l83A506 

F i g. 6. E x tern al S chemati c fo r th e type HA Rel ay in th e F T4 2  Case. 
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TYPE HA RELAY ________________________________ I ._L ._4_1_- 3_4_1 ._..:_1 c 

Differential Unit (with fault detector) 

Adjust the rear air gap between the iron of the 

two coils and the rear of the beam for .008 inch by 

means of the stop screw. Adjust the two air gaps be­

tween the adjustable iron and the beam for .004 inch. 

These are the air gaps between the two rear coils 

and the beam pivot. These adjustments of the gaps 

are preliminary and it will be found that the gaps are 

different from these measure:nents after final calibra­

tion for the 60 ampere point by means of the stop 

screw as described in the next paragraph. 

Adjust the air gap between the front of the beam 

and the stop pin in the upper core screw for approxi­

mately .030 inch. Place a .010 feeler gauge in this 

gap and with the beam in the operated position 

adjust the stationary contact until it just touches the 

moving contact. Screw the lower core screw all the 

way up and then back off 3/ 4" of a turn. Connect the 

* r elay as shown in figure 5, and adj ust the stop screw 

at the rear of the beam until the beam trips at IR = 60 

amps. , 10 = 7 . 8  to 10. 2 amperes. Set the balance 

weight to give a minimum trip current of 10 = 0.125  
amperes at IR = 0. Then c heck the operating current 

10 = 0.21  to 0.27 amperes at IR = 5 amps., adjusting 

the core screw if necessary. If the core screw setting 

is changed to get the 5 ampere restraint point, then 

the 60 ampere restraint point should be rechecked 

and reset, as one adjustment affects the other. 

F au It Detector 

Loosen the lock nut at the top of the element and 

run the core screw down until it is flush with the top 

of the loci< nut. Back off the Micarta disc by loosen­

ing the two lock nuts. In the test diagram of figure 7 
adjust 10 to 0 . 14 ampere. Operate thE' moving element 

by hand and allow the current to hold the moving 

contact disc against the stationary contacts. Now, 

screw up the core screw slowly. This causes the 

plunger to move up, r::ompressing the spring until a 

point of maximum deflection is reached. Further up­

ward motion will cause the plunger to drop part way 

out of the coil, thus diminishing the spring pressure 

on the contacts. By thus adjusting the core screw up 

or down the maximum spring deflection for this value 

of current may be found . Then lock the core screw in 

place. Next, adjust the deenergized position of the 

plunger by raising the Micarta disc until the plunger 

just picks up electrically at the 0. 14 ampere value. 

Cantactar Switch 

Adjust the stationary core of the switch for a 

clearance between the stationary core and the moving 

core when the switch is picked up. This can be most 

conveniently done by t• rrning the relay up-side-down. 

Screw up the core screw until the moving core starts 

rotating. Now, back off the core screw until the 

moving core stops rotating. This indicates the point 

where the play in the moving contact assembly is 

taken up, and where the moving core just separates 

from the stationary core screw. Back off the station­

ary core screw one turn beyond this point and lock in 

place. This prevents the moving core from striking 

and sticking to the stationary core because of 

residual magnetism. Adjust the contact clearance for 

3/32 inch by means of the two small nuts on either 

side of the Micarta disc. The switch should pick up 

at 2 amperes d-e. Test for sticking after 30 amperes 

d-e have been passed thru the coil. The coil re­

sistance is approximately 0.25 ohms. 

Operation Indicator 

Adjust the indicator to operate at 1 . 0  ampere d-e 

gradually applied by loosening the two screws on the 

under side of the assembly, and moving the bracket 

forward or backward. If the two helical springs which 

reset the armature are replaced by new springs, they 

should be weakened slightly by stretching to obtain 

the 1 ampere calibration. The coil resistance is ap­

proximately 0. 16 ohm. 

RENEWAL PARTS 

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts can be 

furnished to the customers who are equipped for 

doing repair work. When ordering parts, always give 

the complete nameplate data. 
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TERMIIIAL AND 
MOUMTIIIG DETAILS 
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Fig. 7. O u t l in e an d D r i l l ing P l an fo r the Type HA Relay in th e FT42 C a s e. 

WEST I NGHOUSE ELECTRIC CORPOR A TION 
RELAY-INSTRUMENT DIVISION NEWARK, N. J. 
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